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PREFACE  TO  THE  AMERICAN  EDITION. 


In  preparing  the  work  of  Du.  Kane  for  the  use;  of  Amer- 
ican students,  I  have  preserved  the  original  entire,  and  have 
oiily  made  those  alterations  in  it  which  the  system  of  inslruc- 
tion  pursued  in  the  United  States  seems  to  require. 

This  work,  which,  as  a  text-book,  is  undoubtedly  the  best 
extant  in  ihe  English  language,  representing  the  present  con- 
dition of  chemical  science,  necessarily  contains  much  detail. 
To  give  it  completeness,  it  was  needful  to  include  the  de- 
siinplion  of  many  bodies  of  little  technical  imporlance,  to 
describe  experimental  processes,  and  sometimes  to  dwell  on 
facts  of  minor  value. 

The  period  of  instruction  in  the  schools  of  this  country  is 
short,  so  that  many  standard  books  are  unavailable  from 
llieir  extent.  From  an  experience  of  several  years  in  public 
teaching,  I  have  perceived  the  importance  of  separating,  for 
llic  stiideni,  the  leading  principles  from  the  accompanying 
detail.  This  will,  perhaps,  to  a  certain  extent,  be  accom- 
plished by  the  mechanical  contrivance  of  printing  such  worka 
wilh  different  types,  the  important  matter  being  in  the  larger 
letters. 

The  magnitude  of  the  orighial  prevented  me  from  making 
additions  to  any  great  extent ;  what  has  been  introduced  in 
this  way  will  be  readily  distinguished,  from  being  inserted 
between  brackets. 

From  its  having  been  repeatedly  and  carefully  read,  and 
(he  errors  and  misprints  revised,  this  will  probably  be  found 
more  correct  than  the  foreign  edition. 

John  "William  Draper. 

i'nrncrsily  of  New  York,  June  IsC.  1842. 
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r  R  E  F  A  C  E. 


Mv  object  in  l!ie  following  pages  is  to  present  to  the  stu- 
dent an  account  of  the  general  principles  and  fads  of  Cliem- 
istry,  and  of  its  applications  to  Pharmacy,  to  Medicine,  and 
to  the  Useful  Ai-ls. 

In  the  arrangement  of  a  work  like  the  present,  if  the  gen- 
eral principles  of  the  science  are  first  described,  it  is  impos- 
sible to  ovoid  the  difficulty  of  introducing  the  names  of  many 
substances  with  whose  history  the  reader  cannot  be  supposed 
conversant;  and  by  entering,  in  the  commencement,  on  the 
description  of  individual  s-jbstanees,  reference  to  the  princi- 
ples of  allinily  and  the  laws  of  constitution  is  continually  ne- 
cessary, in  order  that  the  reactions  of  these  bodies  may  be 
understood.  In  both  cases  the  student  is  liable  to  some  em- 
batrassmenl,  but  I  believe  it  to  be  greater  in  the  latter,  and 
hence  I  have  adopted  the  plan  of  fully  describing  all  the 
general  principles  and  laws  of  chemical  action,  before  enter- 
ing on  the  description  of  the  chemical  substances  in  detail. 

Chemistry  being  itself  but  a  department  of  Natural  Philos- 
ophy, although  the  most  extensive  in  its  objects  and  the  most 
important  iii  its  uses,  it  is  connected  so  intimately  with  the 
other  branches  of  Physics,  that  a  knowledge  of  at  least  their 
general  principles  is  necessary  for  the  proper  nnderstanding 
of  the  nature  of  chemical  phenomena,  I  have  consequent- 
ly embraced  within  the  design  of  the  present  work  a  de- 
scription of  the  physical  properties  of  bodies,  so  far  as  they 
serve  to  complete  their  chemical  history,  or  influence  their 
chemical  relations ;  and  thus,  upon  the  one  hand,  supply 
characters  by  which  chemical  substances  may  be  recognised, 
and,  upon  the  other,  modify  the  affinities  by  which  the  ac- 
tion of  chemical  substances  upon  each  other  is  determined. 
With  this  twofold  object,  the  chapters  on  Cohesion,  Light, 
Heal,  and  Electricity  have  been  drawn  up. 

The  portion  of  the  work  which  treats  of  the  genera!  laws 
of  chemical  combination,  is  followed  by  an  account  of  the 
mode  of  preparation  and  properties  of  all  inorganic  substan- 
ces of  interest  to  Science,  to  Medicine,  or  to  the  Arts.  Bui 
in  this  part  I  will  pass  over  very  briefly  the  history  of  nu- 
merous bodies  which,  from  their  rarity,  are  objects  only  of 
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Bcieniific  curiosity,  referring  those  who  would  wish  to  study 
their  history  more  closely  to  the  extended  works  of  Thomp- 
son, of  Graham,  of  Dumas,  or  of  Berzeliiis. 

In  the  department  of  Organic  Chemistry  niy  object  will  be 
fully  to  discuss  the  history  of  all  such  bodies  as  are  of  im- 
portance, from  their  bearing  upon  general  principles  or  ex- 
isting theories,  from  their  use  in  medicine  or  pharmacy,  their 
employment  in  the  arts  or  in  ordinary  life.  The  numerous 
series  of  bodies  which  are  every  day  discovered  in  Organic 
Chemistry,  but  which  do  not  come  under  any  of  the  above 
heads,  shall  be  dismissed  with  only  a  notice  of  their  exist- 
ence. 

The  relations  of  chemical  action  to  the  funeijons  of  organ- 
ized matter,  the  applications  of  Chemistry  to  Physiology  and 
lo  Pathology,  will  be  treated  of  so  far  as  our  aecurale  knowl- 
edge extends ;  and,  finally,  a  succinct  description  of  the  mode 
of  analysis  of  organic  and  inorganic  bodies  will  be  given. 

As  this  work  is  not  intended  to  be  a  complete  system  of 
Chemistry,  nor  tosatisfy  the  wants  of  those  who  wish  to  make 
Chemistry  their  special  study,  I  have  in  almost  all  cases 
avoided  references  or  quotations,  which  would  needlessly 
occupy  much  space ;  for,  in  the  larger  works  already  men- 
tioned, the  original  authorities  on  ali  subjects  will  be  found. 

The  object  of  a  work  like  the  present  being  to  represent 
faithfully  the  general  aspect  and  extent  of  science  at  the  time 
of  publication,  its  details  must  be  in  great  part  founded  on 
the  results  of  others.  Hence  originality  cannot  in  any  great 
degree  be  either  expected  or  desired  ;  but  I  have  not  hesi- 
tated, iu  many  instances,  where  the  best  consideration  I 
could  give  the  subject  induced  me  lo  dissent  from  views 
generally  held,  to  make  this  work  the  vehicle,  in  a  popular 
form,  of  such  suggestions  as  I  thought  deserved  to  be  adopted. 

The  processes  given  for  the  preparation  of  the  various 
eiibstances  described  are,  with  very  few  exceptions,  those 
followed  either  in  my  private  laboratory  or  in  the  manufac- 
turing laboratory  of  the  Apothecaries'  Hall  of  Ireland  ;  and 
the  apparatus  figured  in  the  woodcuts  are  generally  similar 
to  those  which  I  employ  in  experiments  of  research  or  at 
lecture 
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ELEMENTS  OP    CHEMTSTRY. 


T!iE  science  of  chemistry  has  its  origin  in  the  principle,  that  tue 
bodies  which  constitute  the  external  world  are  composed  of  a  va- 
riety of  elements,  united  according  to  certain  laws.  If  we  could 
conceive  a  universe  consisting  only  of  iron,  or  quicksilver,  or  sul- 
phur, the  objects  of  the  astronomer  might  still  remain  as  extensive 
and  as  sublime  as  they  are  in  the  actual  state  of  things ;  for,  in 
tracing  the  constitution  of  planetary  and  satellitic  systems,  or  re- 
ducing to  precise  laws  the  forces  by  which  the  motions  of  the 
heavenly  bodies  might  be  produced,  all  the  resources  of  his  science 
would  still  be  brought  into  play.  In  like  manner,  the  physical  sci 
encea  could  attain  perfection,  for  the  relations  of  these  bodies  to 
heat,  to  light,  to  electricity,  the  various  problems  and  laws  of  stat- 
ical and  dynamical  forces,  could  have  been  known,  and  thus  all 
that  is  essential  to  the  science  of  natural  philosophy  might  be 
attained.  But  not  even  an  idea  of  chemistry  could  have  been 
formed.  The  duty  of  chemistry  iu  to  find  the  constituent  ele- 
mentary substances,  which,  by  uniting,  form  the  various  compound 
bodies  which  we  observe  ;  to  ascertain  the  nature  of  the  for&eS  by 
which  they  unite,  and  the  laws  by  which  their  union  or  separation 
may  be  regulated  ;  to  trace  the  effects  of  their  mutual  action  in 
the  properties  of  the  new  substances  formed  by  their  combination, 
and  in  the  phenomena,  independent  of  composition,  which  accom- 
pany the  exertion  of  chemical  force. 

This  object  of  chemistry  has  been  at  all  periods  fully  recog-nised } 
for  the  earliest  philosophers,  even  before  the  science  had  received 
a  name,  considered  its  objects  as  well  defined  in  the  arrangement 
of  the  elements  of  fire,  air,  earth,  and  water.  When  the  methods 
of  chemistry,  and  the  reasonings  to  which  they  led,  acquired  a 
better  form,  these  elements,  which  had  been  assumed  from  specu- 
lations in  natural  history  and  metaphysics,  gave  way  to  others,  as 
sulphur,  snirit,  salt,  oil,  and  earth,  equally  incorrect,  but  still  those 
which,  in  the  tough  trials  of  the  period,  were  obtained  by  decom- 
posing compound  bodies.  As  more  accurate  ideas  and  better  pro- 
cesses were  acquired,  these  elementary  principles  changed  again 
their  character,  until,  finally,  the  philosophical  idea  of  chemistry 
was  clearly  stated  and  established  by  Lavoisier :  1st,  that  we  study 
to  resolve  the  various  compound  bodies  found  in  nature  into  others 
which  resist  our  power,  and  which  we  term  undecompounded  or  sim- 
ple substances,  without  pretending  that  they  are  elements ;  for  the 
advance  of  science  enables  ua  to  decompose,  in  each  generation, 
bodies  which  to  our  own  predecessors  had  appeared  simple  ;  2d, 
that  \v(i  fitudy  to  cffHUt  the  recombination  of  those  situplo  botlies, 
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either  in  the  same  proportions,  and  thus  regenerate  the  natural 
compound  bodies,  or  in  new  proportions,  and  thus  add  to  the  cata- 
logue of  bodies  which  may  exist  in  nature. 

Of  these  two  operations,  the  first,  or  separation  of  a  compound 
body  into  the  simple  substances  which  constitute  i(,  is  termed  anal- 
ysis. The  second,  or  combination  of  simple  to  form  a  compound 
substance,  is  called  synthesis.  All  chemical  processes  are  conducted 
upon  the  principle  of  one  or  other  of  these  two,  and  occasionally 
they  are  both,  successively  or  synchronously,  accomplished. 

The  objects  of  chemistry  cannot,  however,  be  considered  as 
limited  to  the  mere  abstract  study  of  the  laws  of  elementary  com- 
position;  to  it  also  belongs  the  improvement  of  processes  in  tlie 
useful  arts  by  the  more  accurate  knowledge  of  their  theory  which 
chemistry  confers,  and  the  invention  of  new  processes  or  of  new 
arts,  by  the  application  or  discovery  of  substances  previously  neg 
lected  or  unknown;  the  alleviation  of  disease,  by  new  remedies 
which  may  be  placed  at  the  command  of  tlie  physician,  or  by  more 
correct  ideas  of  the  origin  and  results  of  morbid  action,  to  which 
the  attentive  study  of  the  chemical  processes  of  the  great  labora- 
tory of  the  human  frame  may  ultimately  lead,  ranks  also  among 
the  most  important  of  its  applications:  and,  although  an  abstract 
science,  which  reveals  some  of  the  most  beautiful  of  nature's  laws, 
deserves  our  best  attention,  yet  it  becomes  invested  with  more 
general  interest,  and  commands  more  universal  homage,  when,  as 
with  chemistry,  it  appears  to  be  the  basis  of  those  practical  arts  on 
which  so  much  of  health,  of  national  prosperity,  and  of  civilisation 
inav  depend, 

The  origin  or  derivation  of  the  word  ckemis/ry  is  unknown.  It 
was  first  found  as  j^fjEto,  indicating  the  art  of  making  gold  and 
silver  among  the  Egyptians  and  Greeks  of  the  Empire,  at  the  com- 
mencement of  that  extraordinary  perversion  of  the  idea  of  ele- 
mentary constitution  which  fascinated  mankind  for  nearly  five  hun- 
dred years.  From  the  Greeks  it  was  naturally  adopted,  with  the 
rain  pursuit  which  it  denoted,  by  the  Arabians,  and,  passing  with 
the  Arabic  prefix  into  the  languages  of  modern  Europe,  became 
alchemy.  When  the  just  objects  and  powers  of  the  science  were 
finally  recognised,  it  was  termed  ckemia  or  chemistry. 

In  studying  those  properties  of  the  different  kinds  of  matter  by 
which  they  are  recognised  to  be  distinct  and  independent  chemical 
substances,  it  is  unavoidable  to  include  those  qualities  which,  al- 
though common  to  all  forms  of  matter,  yet  differ  in  degree  among 
the  different  kinds,  and  thus  servo  as  distinguishing  characteristics 
of  them.  The  physical  properties  of  various  bodies  are  hence  in 
common  use  among  chemists,  as  serving  to  perfect  their  description ; 
and,  indeed,  the  limit  between  properly  physical  and  properly  chem- 
ical properties  of  substances  is  not  always  capable  of  being  dia. 
tinctly  drawn. 
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OF    OHjiVIXr    AND    COHESIVE    FORCES    AS    CHAIUCTERIZIKG    CIIEJlICiL    SUB 


The  physical  forces  which  are  of  most  importance  in  determin- 
ing  the  characteristic  properties  of  bodies  are  gravity  and  cohesion. 
These  differ,  however,  remarkably  in  principle  from  each  other, 
and  are  applied  to  quite  independent  purposes.  Gravity  is  com- 
mon to  all  forms  of  matter,  and  is  totally  independent  of  its  nature. 
It  is  exerted  at  at),  even  the  greatest  conceivable  distances,  and  is 
the  invisible  yet  insuperable  tie,  which,  connecting  together  the 
satellites  and  planets  of  our  system  with  the  central  sun,  assigns  to 
each  of  the  tenants  of  our  boundless  skies  its  place  and  motions. 
Acting  thus  only  on  the  mass,  gravity  is  a  measure  of  the  quantity 
of  matter  present  in  a  body  j  and  what  we  term  weight  is  only  the 
gravitating  force  exerted  by  the  substance  which  we  weigh.  By 
no  natural  operation  can  the  smallest  particle  of  matter  be  annihi- 
lated or  destroyed ;  throughout  the  most  complicated  processes  the 
quantity  of  matter  remains  constant,  and  hence  we  are  enabled  to 
verify  the  accuracy  of  our  chemical  operations,  by  proving  the 
weight  of  the  bodies  ultimately  formed  to  be  equal  to  the  weight 
of  the  substances  by  whose  action  they  have  been  produced. 

Under  the  same  volume  difi'erent  bodies  have  very  different 
weights,  and  hence  contain  different  quantities  of  matter.  Bodies 
are  said  to  be  more  or  less  dense,  accoiding'as  in  a  given  bulk  tbey 
contain  a  greater  or  less  quantity  of  graMtatmg  matter;  and  when 
a  certain  body  is  taken  as  a  stsmdard,  and  their  density  reduced  to 
numbers,  there  is  obtained  the  specific  giaiity  of  eich  body,  or  the 
comparative  quantity  of  matter  it  contains  in  a  given  bulk,  which, 
being  almost  always  the  same  for  the  same  body,  is  an  important 
element  in  its  history,  and  may  often  serve  for  its  recognition. 

The  determination  of  specific  gravities  is  easily  performed  where 

the  volume  of  the  substance  can  be  exactly  measured.     Thus,  for 

liquids,  as  water,  oil  of  vitriol,  or  alcohol:   if  a  small  bottle   be 

taken  containing  an  ounce  of  water,  or  480  grains,  it  wi!l  contnin 

343  grains  of  sulphuric  ether,  or  885  grains  of  sulphuric  acid.     How 

the  densities  will  be  as  these  numbers ;  or  water  being  talten  as  the 

standard,  and  its  specific  gravity  being  assumed  as  1000,  the  spa- 

cific  gravities  of  the  others  become  proportional  to  it ;  as, 

Water     .     .     .     480  :  1000 

Ether      .     .     .     343  :     715 

Sulphuric  acid      885  :  1845 

To  save  this  little  calculation,  the  bottle  in  use  is  generally  made 
to  hold  1000  grains  of  pure  water,  and  then,  filling  it  with  the  fluid 
to  be  tried,  the  weight  gives  directly  the  specific  gravity. 

Where  the  substance  exists  naturally  in  the  state  of  gas,  a  pre- 
cisely similar  process  may  be  had  recouiae  to  ;  in  place  of  a  bottle 
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with  a  ground  g!i»ss  stopper,  there  is  used  a  globe,  g,  with  a  stop 
cock,  capable  of  holding  from  twenty  to  thirty  cubic  inches.  A 
quantity  of  air  having  been  removed 
\  from  the  globe,  the  gas,  which  must  pre- 
I  viously  be  either  perfectly  dried  or  per- 
fectly saturated  with  moisture,  is  admit- 
ted to  supply  its  place  ;  and  as  the  volume 
of  gas  which  passes  in  is  exactly  equal  to 
the  volume  of  air  which  had  been  taken 
out,  the  relative  weights  give  their  den- 
sities, and  hence  the  specific  gravity  of 
1  the  gas.  For,  suppose  that  the  globe  full 
I  of  air  weighed  656  grains  ;  that,  having 
"  been  exhausted  of  air,  it  weighed  647'5, 
and  then,  haviiijr  leceived  28  cubic  inches  of  carbonic  acid  gas,  it 
weighed  660  3  giain-i  We  thus  know  that  the  28  cubic  inches  of 
air  had  weighed  8  5  griins  and  that  28  cubic  inches  of  the  gas  had 
weighed  12'8  ;  hence  the  densities  are  as  8-5  to  I2'8,  and  the  specific 

12-8 
gravity  of  the  gas,  air  being  taken  as  1000,  is  -^^X  1000=1-506. 

This  brief  description  being  intended  only  to  explain  the  princi- 
ple which  the  words  "  specific  gravity"  involve,  it  has  been  consid- 
ered as  not  liable  to  alteration  ;  but,  in  reality,  the  volumes  of  bodies, 
particularly  of  gases,  are  constantly  in  a  state  of  change.  Accord- 
mg  as  the  air  is  warmer  or  colder;  according  as  the  pressure  to 
which  it  is  subjected,  as  indicated  by  the  barometer,  diminishes  or 
augments,  the  volume  which  a  certain  weight  occupies  is  altered, 
and  the  specific  gravity  is  changed.  Hence,  when  we  talce  air  as  a 
standard  of  specific  gravities  for  gases,  we  do  so  only  with  refer- 
ence to  a  certain  standard  of  temperature  and  pressure,  as  at  32  on 
the  scale  of  Fahrenheit's  thermometer,  and  at  30  inches  of  mercury 
in  the  barometer  tube.  It  is  only  by  accident  that  an  experiment 
might  happen  to  be  made  at  this  standard  temperature  and  pressure, 
and  hence  it  is  necessary  to  reduce  the  observed  result  to  what  the 
result  should  have  been  at  the  standard  points.  If  the  gas  be  damp, 
it  is  necessary  also  to  correct  for  the  presence  of  the  watery  va- 
pour, and  hence  the  determination  of  the  specific  gravity  of  a  gas, 
although  so  simple  in  theory,  is  in  practice  a  most  delicate  opera- 
tion. Under  the  proper  heads  of  the  constitution  of  gases  and 
vapours,  with  regard  to  heat  and  pressure,  the  mode  of  making 
these  corrections  will  be  described. 

The  determination  of  the  specific  gravity  of  a  solid  body  involves 
in  practice  some  principles  in  addition  to  those  above  stated.  We 
cannot  regulate  the  bulk  of  a  solid  body  as  we  wish,  and  hence  the 
volume  must  be  determined  indirectly.  This  is  done  by  finding  how 
much  water  it  displaces.  Thus,  if  the  solid  be  in  many  small  frag- 
ments, weighing  altogether,  for  example,  357  grains,  they  may  be 
introduced  into  a  specific  gravity  bottle  containing  1000  grains  of 
water.  A  quantity  of  water  overfiows  exactly  in  bulk  to  the  solid 
which  is  introduced.  The  bottle  being  full,  the  solid  body  and  the 
remaining  water  are  then  found  to  weigh  1285  grains.  Now,  if  no 
water  had  been  expelled,  the  water  and  solid  body  should  have 
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;e  72  ia  the  weight  of  the  iviiter 
sights  of  eqiiul  v 


weighed  1357  grains.     The  diffevc 

expelled;  and,  consequently,  the 

densities  of  the  water  and  of  tlie  solid,  are  as  72  aiid  357  ;  ( 

specific  gravity  of  the  water  being  taken  as  1000,  that  of  the  Molid 

is  — -  X  1000,  or  4958.     If  the  solid  be  unsnited  for  that  method,  its 

72  ' 

volume  is  next  determioed  by  the  principle  that  a  solid  body  im- 
mersed in  a  fluid  is  partly  supported  by  the  upward  pressure  of  the 
liquid  which  it  displaces.  The  solid,  in  order  to  sink  iii  the  liquid, 
has  to  displace  and  push  upward  a  quantity  of  it  eijual  to  its  own 
bulk,  and  to  resist  its  weight  or  tendency  to  sink  down  again  ;  for 
this  purpose  a  portion  of  the  weight  of  the  solid  must  be  eiitployed, 
and  it  is  only  the  overplus  that  is  counterpoised  by  the  weights 
when  we  proceed  to  weigh  the  solid  body  immersed  in  any  fluid. 
A  solid  weighs,  therefore,  less  when  immersed  in  a  fluid  than  when 
weighed  in  the  ordinary  manner,  the  difference  being'  the  portion 
of  the  weight  of  the  solid  which  is  employed  to  sink  it,  or  to  resist 
the  force  of  the  liquid  which  tends  to  float  it  up,  and  this  is  equal 
to  the  weight  of  the  liquid  which  the  solid  pushes^out  of  its  place, 
and  which  is  of  the  sami 
firation,  a  balance,  as  in 
ihe  figure,  is  taken,  gen- 
erally with 


The 


olidi 


hungt 


Other    extremity    of  the 

L  by  a   line   hair  or 

thread  of  cocoon-silk,  b, 


:   thu! 


ighed    ; 


usual ;  let  us  suppose  that 
it  weighed    295    grains. 
A  vessel  of  pure  water  ii 
immersed  as  nearly 
and  it,  being  then  ag 

s  suppose  that  it  shall 


jed  that  the 
in  the  centre  of  it  (as 


ilid  shall  be 
;  in  figure), 
eighed,  is  found  to  be  lighter  than  before  j 
1  weigh  24.3  grains.  This  is  the  overplus 
of  its  weight  after  having  neutralized  the  tendency  of  the  water  to 
float  it  up.  The  difference  of  the  two  weighings  295—243=52 
grains  is  therefore  the  amount  of  the  upward  pressure,  or  the 
weight  of  the  water  which  the  solid  displaced.  Equal  volumes 
thus  of  the  solid  and  of  the  water  are  found  to  weigh  respectively 
295  and  52  grains,  and  the  comparison  of  these  numbers,  water 
being  taken  as  1000,  gives  the  specific  gravity  of  the  solid,  which 

is  ^~  X  1000=5673. 

A  variety  of  other  instruments  are  made  use  of  for  measuring 
the  specific  gravities  of  solids  and  of  fluids,  as  areometers,  hydrom- 
eters, &c. ;  but  as  here  it  is  rather  the  general  principles  than  the 
practical  details  of  such  operations  that  are  of  importance,  I  shall 
not  enter  into  their  description. 

The  specific  gravity  of  compound  gases  is  found  to  have  a  highly  important  rela- 
tion to  tlieir  ultimate  constitution,  and  tlirows  great  iiglit  upon  some  of  the  moat 
general  laws  of  chemistry;  but  as  yet,  notwithstanding  some  interesting  specula 

lioiis  of  PeiBoz  and  of  Boullay  which  I  shall  hereafter  notioa,  nr '   -  '-' 
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Iweeii  the  clieraical  properties  or  composition  of  liquid  or  solid  boiiies  and  tlLe7r 
specific  gravities  has  heen  di5<Hjvered.  The  physical  constitution  of  vapours  and 
gases  being,  however,  identical,  those  bodies  which,  i)eing  volatile,  are  capable  nf 
assuming  the  form  of  vapour,  may  render,  b;  the  enaminatiun  uf  the  specific  grav- 
ities of  their  vapours,  most  iiiteresting  indications  of  the  manner  in  which  Iheir 
elements  are  combined,  and  mettiuds  of  performing  this  operation  have  been  con- 
trived bysomeof  the  most  illustrious  of  ciiemisis,  as  by  Dumas  and  by  Oay  Lussac 
The  method  of  Ciay  Lussac  Is  tbe  simpler  uf  the  two,  and,  for  substances  whidi 
ore  volatilized  at  moderate  temperatures,  easily  applied.  A  basin,  c,  ia 
taken,  which  rests  upon  a  tittle  furnace,  and  contains  mercury.  In 
this  basin  tbe  graduated  bell  glass,  a,  is  inverted  full  of  mercury.  Let 
us  suppose  we  wish  to  determine  the  specific  gravity  of  vapour  of  wa- 
ter. One  or  two  little  bulbs  are  taken  anil  filled  with  water  as  follows : 
the  bulb  is  warmed  with  a  lamp,  and  allowed  to  cool  with  Che  point 
dipped  into  the  water ;  in  this  manner  a  little  water  gets  admission ; 
this  is  then  boiled  in  the  bulb  until  all  air  has  been  expelled,  and  the 
bulb  is  Riled  with  pure  steam ;  tlie  point  being  then  dipped  under  the 
surface  of  the  water,  as  (he  steam  condenses,  the  water  rushes  up  to 
J  supply  its  place,  and  the  whole  becomes  full ;  (he  point  being  then 
}  touched  to  the  flame  of  a  lamp,  it  is  melted,  and  the  orifice  ia  closed. 
\  A  small  quantity,  three  or  four  grains,  of  water  being  thus  enclosed, 
I  tbe  tittle  bulbs  are  passed  under  the  edge  of  the  Jar,  u,  and  rise  to  the 
I  top,  where  they  float  upon  the  mercury;  a  glass  cylinder,  b.  open  at 
both  ends,  is  now  placed  round  the  jar,  resting  on  and  secured  to  the 
dish,  c,  and  into  it  is  poured  so  much  colourless  oil  as  shall  completely  cover  the 
jar,  a,  but  allow  of  tlie  graduation  being  distinctly  seen  -,  the  furnace  is  then  light 
ed,  and  as  the  temperature  of  the  oil  and  mercury  rises,  the  water  in  the  little  bulbs 
forms  steam,  which  at  last  bursts  the  bulbs,  and  the  level  of  the  quicksilver  in  the 
jar  immediately  falls,  the  steam  occupying  the  space  above  it.  When  the  mercury 
ceases  to  descend,  it  is  known  that  all  liquid  has  been  converted  into  vapour ;  the 
temperature  of  (he  oil,  which  is  necessarily  the  same  as  that  of  the  vapour  inside, 
is  ascertained,  and  by  the  graduation  on  (he  jar  the  volume  occupied  by  the  vapour 
is  accurately  read  off;  the  weight  of  the  vapour  is  known,  for  it  is  the  weight  of 
the  water  in  the  bulbs,  and  its  volume  at  this  high  temperature  is  thus  found. 
Knowing  thus  the  volume  of  a  few  grains  of  steam  at  350°,  the  volume  at  W  may 
be  calculated ;  andas  the  volume  of  so  many  grains  of  air  at  33°  is  already  known, 
the  specific  gravity  of  the  vapour  of  water  is  obtained.  The  temperature  of  the 
oil  must  be  at  least  thirty  or  forty  degrees  above  the  boiling  point  of  the  liquid,  and 
hence  it  is  likely  to  become  coloured,  to  fume,  or  even  to  risk  taking  fire,  unless 
great  oaiition  is  employed. 

The  method  invented  by  Dumas  has  tlio  advantage  ofbeing  applicable  to  all  lem 
peratures  below  the  melting  point  of  glass,  and  it  is  consequently  by  its  application 
that  the  greatest  benefit  has  been  conlbrred  on  science.  It  is,  however,  more  c(Hn- 
jjexin  principle,  though  not  less  delicalein  practice.  A  globe  holding  from  ten  to  fif- 
teen cubic  inches,  and  drawn  out  at  its  beak  to  a  capillary  orifice,  is  carefully  weigh- 
ed, containing,  as  usual,  atmospheric  air.  It  is  then  warmed,  and  its  beak  being 
dipped  into  Uie  fluid  to  be  tried.  It  is  allowed  to  coot,  tmtil  by  the  contraction  of  the 
air  a  sufficient  quantity  of  th& 

A  fluid  has  made  its  way  in.     The 

^  globe  is  tlien  fitted  in  a  sort  of 

.     Tfirh  cage,  try  which  it  is  securely  held 

in  the  centre  of  the  liquid  bach, 
by  which  the  heat  is  to  he  appli- 
ed, and  which  may  be  water  oi 
oil,  a  solution  of  ctiloride  of  zinc, 

ror,  best  of  atl,  the  fusible  alloy 
of  bismuth,  tin,  and  lead.  The 
capillary  beak  of  tbe  tube  just 
projects  over  the  surface  of  th« 
liath,  as  in  the  figure.  When  tha 
globe  becomes  suflicienily  heat- 
ed, the  liquid  boils,  and  its  va- 
pour, in  passing  away,  carries  off 
the  ail  which  had  previously  fill- 
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©d  tlie  globe.  The  liquid  should  be  present  in  sucli  quantity  that  its  vapour,  after 
canying  off  all  air,  should  occupy  the  interior  of  iho  globe  completely  pure.  The 
excess  of  vapour  is  known  to  have  passed  away  when  there  is  no  longer  a  jet  pro- 
ceeding from  the  capillary  beak,  and  then  hy  means  of  a  blowpipe  the  oiifize  is 
closed,  and  the  temperature  of  the  bath  being  i^en  at  the  same  moment,  the  glolw 
ia  removed  from  the  bath,  perfectly  cleaned  and  weighed,  llie  liquid  condensing 
as  soon  as  the  globe  grows  cold,  leaves  its  interior  practically  empty,  anil,  on  break- 
ing off  the  capillaiy  beak  under  the  surface  of  quicksilver,  this  last  entera  into  the 
vessel,  and,  if  the  operation  had  been  well  managed,  fills  it  coropietely.  The  globe, 
full  of  quicksilver,  is  then  emptied  into  a  graduated  jar,  by  which  the  qiianlity  of 
the  quieksUver  being  measured,  the  volume  of  the  globe  is  known ;  when  'this  has 
been  dime,  all  requisite*  for  calculating  the  specific  gravity  of  the  vapour  have  been 
obtained.  For,  knowing  the  volume  of  the  globe,  the  weight  of  the  air  it  contained 
is  known,  and,  subtracting  that  from  the  first  weighing  of  the  globe,  the  weight  of 
the  globe  when  empty  is  obtained.  Subtracting  this  from  the  second  weighing  of 
the  globe,  the  weight  of  the  vapour  is  obtained  ;  and  as  the  air  and  vapour  occupied 
the  same  volume,  the  densities  should  be  as  these  weights,  if  they  had  hnen  at  the 
same  temperature ;  but,  as  this  was  not  the  case,  a  farther  calculation  ia  required 
to  reduce  them  to  the  standard,  ^nd  obtain  the  numerical  specific  gravities. 

No  process  lias  been  more  fruitful  in  important  results  than  this  mode  of  delet- 
mining  the  specific  gravity  of  vapours,  for  it  is  only  in  this  way  that  such  suhstancea 
as  sulphur,  arsenic,  phosphorus,  and  mercury,  as  well  as  numerous  compound  bodies 
with  high  boiling  points,  could  have  been  tried. 

The  force  of  gravity  is  thus  of  importance  in  chemistry,  by  giv- 
ing a  measure  of  the  quantity  of  matter  upon  which  we  experiment, 
and  by  affording  characteristics  of  individual  substances,  by  the 
comparison  of  the  quantity  of  matter  they  possess  ia  a  standard 
volume.  The  force  of  cohesion,  although  not  so  universally  exist- 
ant  as  that  of  gravity,  is  of  equal  interest,  from  the  numerous  pecu- 
liarities in  its  activity  which  almost  everybody  is  capable  of  pre- 
senting, and  by  which  bodies  are  remarkably  distinguished  from 
each  other.  To  understand,  however,  the  nature  of  cohesive  forces, 
and  the  causes  of  the  variation  of  their  energy,  it  is  necessary  to 
notice  those  ideas  of  the  peculiar  constitution  of  matter  on  which 
philosophers  have  generally  agreed,  3nd  which  result  from,  while 
they  best  serve  to  explain,  those  remarkable  phenomena. 

From  the  earliest  period  in  science,  discussions  have  arisen  as  to 
whether  the  masses  of  matter  which  we  ordinarily  employ  should 
be  considered  capable  of  inSnite  division,  or  whether,  by  continuing 
to  divide,  a  term  should  ultimately  be  found  at  which  no  farther  sub- 
division could  be  made  ;  that  thus  the  ultimate  constituent  and  indi- 
visible particles,  or  atoms,  which,  by  their  aggregation,  form  sensible 
masses,  should  iDe  discovered.  By  no  appeal  to  experiment  can  this 
question  be  resolved;  when  we  call  in  tbe  assistance  of  our  most 
powerful  means  of  mechanical  division,  we  attain  only  to  producing 
powders,  of  which  the  finest  particle  is,  in  miniature,  all  that  the 
mass  from  which  it  had  been  formed  was  upon  a  larger  scale,  atid 
capable  evidently  of  just  as  much  subdivision,  if  our  mechanical 
processes  were  perfect  enOHgh  to  enable  us  to  proceed. 

That  this  divisibility  may  actually  occur  to  an  almost  incredible 
degree,  may  be  easily  demonstrated  by  experiment.  In  gilding  sil- 
ver wire,  a  grain  of  gold  is  spread  over  a  surface  of,  liOO  square 
inches ;  and  as,  tvhen  examined  in  a  microscope,  the  gold  upon  the 
thousandth  of  a  linear  inch,  or  one  millionth  of  a  square  inch,  is 
distinctly  visible,  it  is  proved  that  gold  may  be  divided  into  particles 
of  at  least  fTsoVoiTTuo  ''^  *  square  inch  in  size,  and  yet  possess 


b,  Google 


16  DIVISIBILITY     OF     MATTER. 

the  colour  and  ail  other  characters  of  the  largest  mass.  If  a  gram 
of  copper  be  dissolved  in.  nitric  acid,  and  then  in  water  of  ammonia, 
it  win  give  a  decided  violet  colour  to  392  cubic  inches  of  water. 
Even  supposing  that  each  portion  of  the  liquor  of  the  size  of  a  grain 
of  sand,  and  of  which  there  are  a  million  in  a  cubic  inch,  contains 
only  one  particle  of  copper,  the  grain  must  have  divided  itself  into 
392  million  parts.  A  single  drop  of  a  strong  solution  of  indigo, 
wherein  at  least  500-000  distinctly  visible  portions  can  be  shown, 
colours- 1000  cubic  inches  of  water ;  and  as  this  mass  of  water  con- 
tains certainly  500*000  times  the  hulk  of  the  drop  of  indigo  solution, 
the  particles  of  the  indigo  must  be  smaller  than  jjj^.^isJj^jfif.^jj  the 
twenty-five  hundred  millionth  of  a  cubic  inch.  A  rather  more  dis 
tinct  experiment  is  the  following :  if  we  dissolve  a  fragment  of  sil- 
ver, of  O'Ol  of  a  cubic  line  in  size,  in  nitric  acid,  it  will  render  dis- 
tinctly milky  500  cubic  inches  of  a  clear  solution  of  common  salt. 
Hence  the  magnitude  of  each  particle  of  -silver  cannot  exceed,  but 
must  rather  fall  far  short  of,  a  billionth  of  a  cubic  line.  To  render 
the  idea  of  this  degree  of  division  more  distinct  than  the  mere  men- 
tion of  so  imperfectly  conceivable  a  number  as  a  billion  could  ellect, 
it  may  be  added,  that  a  man,  to  reckon  with  a  watch,  counting  day 
and  night,  a  single  billion  of  seconds,  would  require  31'675  years. 

la  thie  organized  kingdoms  of  nature  even  this  excessive  tenuity 
of  matter  is  far  surpassed.  An  Irish  girl  has  spun  linen  yarn  of 
which  a  pound  was  1432  Endish  miles  in  length,  and  of  whicli,  con- 
sequently, nibs.  13  oz.  would  have  girt  the  globe;  a  distinctly  visible 
porlion  of  such  thread  could  not  have  iveighed  more  than  t'.t-^'s  -  n  p  o 
of  a  grain.  Cotton  has  been  spun  so  that  a  pound  of  thread  was 
203'000  yards  in  length,  and  wool  168-000  yards.  And  yet  these, 
so  far  from  being  nltimate  particles  of  matter,  must  have  contained 
more  than  one  vegetable  or  animal  fibre;  that  fibre  being:  itseif  of 
complex  organization,  and  built  up  of  an  indefinitely  great  number 
of  more  simple  forms  of  matter. 

The  microscope  has,  however,  revealed  to  us  still  greater  wonders 
as  to  the  degree  of  minuteness  which  even  complex  bodies  are  ca- 
pable of  possessing.  Each  new  improvement  in  our  instruments 
displays  to  «s  new  races  of  animals,  too  minute  to  be  observed  be. 
fore,  and  of  which  it  would  require  the  heaping  together  of  niilliona 
upon  millions  to  be  visible  to  the  naked  eye.  And  yet  these  ani- 
mals live  and  feed,  and  have  their  organs  for  locomotion  and  prehen- 
sion, their  appetites  to  gratify,  their  dangers  to  avoid.  They  possess 
circulating  systems  often  highly  complex,  and  blood,  with  globules 
bearing  to  them,  by  analogy,  the  same  proportion  in  size  that  our 
blood  globules  do  to  ua ;  and  yet  these  globules,  themselves  organ 
ized,  possessed  of  definite  structure,  lead  us  merely  to  a  point  where 
all  power  of  distinct  conception  ceases;  where  we  discover  that 
nothing  is  great  or  small  but  by  comparison,  and  that  presented  by 
Nature  on  the  one  hand  with  magnitudes  infinitely  great,  and  on  the 
other  with  as  inconceivable  minuteness,  it  only  remains  to  bow  down 
before  the  omnipotence  of  Nature's  Lord,  and  own  our  inability  to 
understand  Him. 

These  proofs  of  great  divisibility,  ho-wever,  leave  the  question  of 
infinite  divisibility  quite  untouched.     There  are,  however,  muny  and 


by  Google 


MOLECULAR     CONSTITUTION.  17 

poiverfu!  reiisons  which  have  decided  almost  all  modern  philosophers 
to  consider  the  possible  division  as  being  finite.  On  the  other  view 
the  mind  has  no  restiiig-place,  until,  by  the  total  disappearance  ot 
materia!  conceptions,  the  constitution  of  bodies  resolves  itself  into 
a  collection  of  mathematical  points,  from  which,  as  centres,  certain 
forces  are  exerted ;  but  with  such  abstract  speculation  chemistry 
has  no  connexion.  Its  fundamental  condition,  that  there  exist  many 
kinds  of  elementary  matter,  of  which  the  quantity  is  measured  hy 
their  weight,  is  totally  independent  of  our  abstract  idea  of  what  mat 
ter  is,  or  how  its  properties  have  their  source. 

In  proof  of  the  division  of  matter  having  a  limit,  experiments 
made  principally  by  Faraday  and  Wollaston  have  been  quoted.  Thus, 
it  is  ascertained  that  our  atmosphere  does  not  extend  into  space, 
but  is  confined  within  comparatively  a  trifling  distance  from  the 
eai'th,  about  45  miles.  Wollaston,  considering  the  particles  of  air 
as  being  balanced  between  their  mutual  repulsion  and  the  general  at- 
traction towards  the  earth,  suggested  that,  if  these  particles  could  be 
divided  to  an  infinite  degree,  ihere  should  be  on  infinite  source  of 
repulsive  power,  and  hence,  at  a  certain  distance,  this  repulsion  over- 
coming the  gravitating  force,  the  atmosphere  should  spread  into 
space,  and,  being  attracted  to  the  other  planets  in  proportion  to.tlieir 
masses,  should  form  round  the  larger,  as  Jupiter,  and  especially  the 
Sun,  vast  and  dense  atmospheres,  the  existence  of  which  should 
easily  be  recognised.  No  such  atmospheres  exist,  and  hence,  as 
was  argued  by  Wollaston,  the  force  of  repulsion  must  have  a  finite 
hmit,  and  the  number  of  repelling  particles  cannot  be  infinite.  In 
like  manner,  Faraday  found  that  bodies,  in  evaporating,  form  atmo- 
spheres of  certain  definite  depths  above  the  surface  of  the  body,  and 
drew  from  hence  the  same  conclusion.  This  argument  cannot,  how- 
ever, be  considered  as  decisive.  It  is  not  at  all  certain  that,  because 
the  elasticity  of  air  is  thus  found  to  have  a  limit,  the  number  of 
particles  of  air,  in  a  given  space,  might  not  be  infinite. 

I  shall  consider  the  masses  of  matter,  whose  properties  we  pur- 
pose to  examine,  as  being  made  up  of  a  great  number  of  lesser  masses, 
to  which  the  name  of  molecules  or  particles  may  be  assigned.  It 
is  totally  indifferent  whether  these  molecules  may  be  infinitely  di- 
visible or  not ;  there  is  no  fact  in  either  chemistry  or  physics  which 
requires  the  positive  adoption  of  either  one  side  or  the  other.  These 
molecules  are  subjected  to  the  influence  of  two  forces,  which  oppose 
each  other,  andby  the  relative  balancing  or  preponderance  of  which, 
all  the  forms  and  physical  properties  of  ordinary  substances  are  pro- 
duced. One  of  these  forces  is  attractive  ;  it  is  the  attraction  of  ag- 
gregation, as  it  has  been  termed,  or  cohesion.  If  it  acted  unimpeded, 
the  molecules  of  every  portion  of  matter  would  cohere  with  insuper- 
able power ;  unconquerable  solidity,  hardness,  and  tenacity  would 
alone  characterize  external  nature.  The  other  force  is  one  of  repul- 
sion, which,  from  a  variety  of  evidence,  is  assumed  as  identical  with 
the  cause  of  heat.  If  it  alone  prevailed,  no  other  form  of  matter 
could  exist  but  that  of  gas ;  the  solid  globe,  the  liquid  waters,  would 
change  to  atmospheres  of  vapours,  and  the  beneficent  uses  to  which 
our  earth  is  now  adapted  could  not  exist. 

Such  is,  perhaps,  appro ximatively  what  occurs  in  those  extreme 
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members  of  our  planetary  system,  Herschel  and  Mercury.  Tlie  for- 
mer receiving-  from  the  Sttn  but  ^^j;  part  of  the  heat  which  our  earth 
derives,  must  be  reduced  to  the  temperature  of  empty  apace  ;  and, 
■with  few  exceptions,  the  bodies  which  on  this  earth  are  gaseous  or 
liquid,  if  they  exist,  are  there  as  rocky  masses..  The  latter  must  at 
certain  periods  be  so  hot,  that  quicksilver  would  naturally  be  a  gaa 
upon  its  surface,  and  those  metals  which  here  constitute  our  examples 
of  solidity,  should  there  form  liquid  oceans.  On  this  earth,  however, 
according  as  the  forces  of  heat  and  cohesion  vary  in  different  bodies, 
they  pass  through  different  states  of  aggregation.  Those  bodies  in 
which  cohesion  prevails  are  solid,  and  by  their  tenacity  and  resist- 
ance to  breakage  or  change  of  form,  display  the  force  which  binds 
their  molecules  together.  Where  cohesion  has  been  suppressed,  and 
the  repulsive  agency  of  heat  acts  uncontrolled,  the  body  becomes 
gaseous,  and  its  particles,  devoid  of  the  least  trace  of  cohesive  power, 
repel  each  other.  In  intermediate  cases,  where  the  two  forces  ap- 
pear balanced,  the  particles  do  not  cohere,  and  hence  may  move 
upon  and  separate  from  each  other  without  any  external  force  ;  but 
they  do  not  repel,  and  thus  remain  in  contact  if  no  external  force 
tends  to  disturb  them.  This  is  the  liquid  condition;  it  is  that  of 
water,  of  alcohol,  of  oil,  while  air  and  steam  are  gaseous,  and  iron, 
wood,  and  stone  are  instances  of  the  solid  form. 

The  peculiar  nature  of  each  body  determines  whether,  under  com- 
mon circumstances,  it  shall  have  one  or  the  other  of  these  forms; 
but  there  are  few  bodies  which  are  not  capable  of  assuming  all  the 
three.  This  is  artificially  effected  by  diminishing  or  increasing  the 
degree  of  heat,  and  thus  by  cooling  a  liquid,  it  may,  by  the  cohesion 
becoming  greater,  be  converted  into  a  solid ;  or  by  increasing  the 
heat  to  which  a  solid  is  subjected,  it  may  be  converted  into  a  li- 
quid, and  from  thence  into  a  gas.  One  liq^uid,  pnre  alcohol,  has  not 
yet  been  frozen  j  some  solids,  as  charcoal,  have  not  yet  been  melted  ; 
organized  bodies  are  generally  decomposed  too  easily  to  aUow  of 
a  change  of  state;  but,  with  these  exceptions,  the  principle  of  the 
change  of  form,  artificially  caused  by  the  increase  or  diminution  of 
the  quantity  of  heat,  is  universal.  These  forms  of  matter,  consid- 
ered as  effects  of  heat,  will  require  and  obtain  hereafter  a  more 
extended  notice. 

This  force  of  molecular  cohesion  acts  only  at  distances  so  minute 
as  to  escape,  the  most  delicate  examination.  The  fragments  of  a 
piece  of  glass  or  metal  which  has  been  just  broken,  when  laid  ever 
BO  closely  together,  have  no  tendency  to  unite  again ;  but,  if  the 
surfaces  be  pressed  together,  union  may  take  place,  though  only 
in  a  few  points,  and  imperfectly.  Yet,  when  pieces  of  plate  glass, 
laid  flat  on  each  other,  and  subjected  to  considerable  pressure,  are 
allowed  so  to  remain  for  a  certain  time,  they  are  found  to  grow  to- 
gether so  completely,  that  thick  masses  may  often  be  ground  as  if 
they  had  always  formed  a  single  piece.  If  two  surfaces  of  lead  be 
cut  quite  clean  and  bright,  and  forcibly  pressed  together,  they  unite 
also,  and  may  require  a  force  of  eighty  or  one  hundred  pounds  to 
effect  their  separation.  In  fluids,  although  the  force  of  cohesion 
is  very  nearly  absent,  yet  it  is  not  entirely  so;  the  viscidity  of 
fluids  depending  upon  the  traces  of  it  which  remain.  The  globular 
form  of  a  rain  drop,  or  of  a  drop  of  any  fluid  allowed  to  fall  from 
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ses  iilso  from  tbe  cohesive  attraptioti  of  its  particles,  and 
ids  differ  remarkably  in  their  relations  to  heat,  from  the 
rees  of  force  with  which  this  residue  of  cohesion  ia  ex- 
erted. Tlie  particles  of  a  fluid  cohere  not  only  to  each  other,  but 
even  more  powerfully  to  solid  bodies  in  many  cases.  It  is  thus 
that  solid  bodies  are  wetted  by  fluids.  If  the  finger  be  dipped  into 
water,  the  particles  of  the  water  in  contact  with  the  finger  adhere 
to  it  more  powerfully  than  they  do  to  the  other  particles  of  the 
fluid,  andwlien  the  finger  is  removed,  they  accompany  it,  and  thus 
it  becomes  wet.  Mercury  does  not  ivet  the  finger,  for  its  particles 
cohere  too  powerfully  to  each  other  ;  but  mercury  adheres  to,  or 
wets  a  piece  of  gold,  as  water  wets  the  finger.  From  this  cohe- 
sion of  fluids  to  solids,  all  the  phenomena  of  capillary  attraction 
result,  as  the  filtering  of  liquids  in  pharmacy  and  chemistry,  to  sep- 
arate solids  which  had  been  mixed  with  them ;  the  absorption  of 
liquids  by  porous  solid  bodies,  and  many  others. 

The  existence  of  this  form  of  cohesion  may  be  very  simply  shown 
by  an  experiment,  such 
as  is  illustrated  in  the 
figure.  A  disk  of  any 
sijjstanCe  which  may 
be  wetted  by  water  is 
to  be  hung  evenly  from 
the  extremity  of  the 
beam  of  the  balance, 
and  brought  exactly 
into  contact  with  the  / 
ivater  in  the  cup  be- 
low. It  will  be  found  necessary  to  augment  considerably  the  weights 
in  the  scale  dish  opposite,  to  separate  them  ;  and,  when  the  disk  has 
been  torn  away  from  the  surface  of  the  water,  the  force  overcome 
will  be  found  to  have  been,  not  that  of  the  solid  to  the  liquid,  which 
was  still  more  intense,  but  the  cohesion  of  the  liquid  particles  to  each 
other;  for  the  solid  is  found  to  be  wetted  by  a  iaj^er  of  liquid  par- 
ticles whicli  it  had  torn  from  the  general  mass  of  liquid  underneath. 
If  the  experiment  be  tried  with  a  disk  of  polished  iron,  and  mercury 
as  the  fluid,  there  is  no  wetting,  and  the  force  measured  is  really 
the  cohesion  of  the  solid  to  the  fluid. 

[Clairaut  found,  as  the  result  of  his  mathematical  investigations, 
that  all  the  phenomena  of  capillary  tubes  depend  upon  the  relation 
of  two  forces:  1st,  The  cohesion  of  the  particles  of  the  fluid  for 
each  other  ;  and,  2d,  The  attraction  of  the  particles  of  the  solid  for 
those  of  the  fluid.  When  a  glass  tube  is  dipped  into  different 
liquids :  if  the  force  of  attraction  of  the  glass  is  less  than  half  the 
force  of  cohesion  of  the  fluid,  the  fluid  will  be 
depressed,  and  not  rise  to  its  hydrostatic  level ; 
if  it  be  equal  to  half,  the  fluid  will  come  pre- 
cisely to  its  level;  and  if  it  be  more  than  half, 
the  fluid  will  rise  in  the  tube. 

Connected  with  these  conditions  is  the  figure 
of  the  boundary  surface  of  the  fluid.  If  three 
glass  twhes,  b  c,  de,fg,  be  placed  in  fluids  which 
cespectively  are  depressed,  at  the  true  level,  or  at 
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an  elevation,  it  wi!l  be  seen  that  in  S  c  tlie  surface  a  o  of  the  fluid 

The  particles  of  a  body  being  held  at  certain  distances  from  each 
other  by  the  balance  of  their  attraction  and  repulsion  :  if,  by  the  ap- 
plication of  an  external  force,  as  pressure,  they  be  brought  nearer, 
so  as  to  occupy  a  smaller  volume,  the  body  is  said  to  be  compress- 
ible. If,  when  the  external  force  is  removed,  thebody,  by  the  mutual 
repulsion  of  its  particles,  regain  its  original  volume,  it  is  said  to  be 
elastic ;  if,  on  the  contrary,  it  remains  as  when  compressed,  it  is 
called  inelastic.  In  nature  there  are  few  bodies  perfectly  elastic,  and 
none  which  can  be  said  to  be  perfectly  inelastic.  In  solid  bodies, 
when  pressure  produces  a  change  of  volume,  some  traces  of  it  are 
permanent ;  but  in  liquids  and  ia  gases,  the  restoration  to  the  origi- 
nal bullf  appears  to  be  complete. 

The  amount  to  which  solid  and  liquid  bodies  maybe  compressed 
is  very  small,  so  much  so  that  very  delicate  methods  are  necessary 
to  determine  it.  Thus  it  requires  a  pressure  of  about  400  lbs.  upon 
each  square  inch  of  the  surface  of  water  to  diminish  jts  volume  by 
the  ToVir  part.  In  gases,  however,  the  repulsive  force  acting  without 
interference,  and  the  particles  being  at  much  greater  distances JVom 
one  another  than  ia  the  liquid  or  solid  form,  the  amount  of  com- 
ssibiiity  becomes  very  much  increased,  and  the  law  by  which  il 

regulated  extremely  simple,  being,  that  jhe  volume  of  any  gas 
varies  inversely  as  the  pressure  upon  it ;  that  it  is  doubled  if  the 
pressure  be  diminished  to  one  half,  and  reduced  to  one  half  if  the 
pressure  tipon  its  surface  be  doubled.  Thus,  sHpposing  a  gas  to 
measure  100  volumes  under  the  pressure  of  20  lbs., 

Then  with  pressures  of  80    .    40     .     20     .    JO     .       5  lbs. 

The  volume  becomes  25  .  50  .  100  .  200  .  400. 
The  gases  which  are  used  in  chemical  operations  are  liable  to 
constant  changes  of  volume,  from  the  alterations  in  the  weight  of 
the  surrounding  atmosphere,  by  which  they  are  always  pressed ;  and 
hence,  before  we  can  tell  how  much  of  a  gas  we  really  have  obtained 
by  any  process,  it  is  necessary  to  ascertain  the  amount  of  atmo- 
spheric pressure,  and  to  allow  for  it.  The  pressure  which  the  air 
exercises  is  measured  by  the  barometer,  in  which  a  column  of  quick- 
silver balances  the  pressure  of  the  air,  and  varies  in  height  according 
as  this  changes ;  the  height  ofthismercurial  column  being  accurately 
measured  by  a  scale  applied  to  the  tube  of  the  barometer.  In  these 
countries,  the  height  of  the  barometric  column  fluctuates  between 
28  and  31  inches,  but  the  average  height  of  a  year  is  about  29-8 
inches.  For  simplicity,  a  number  very  near  this,  30  inches,  is  taken 
as  the  standard  pressure  ;  and  whenever  the  specilic  gravity,  or  the 
volume  of  a  gas  is  given,  without  particular  remark,  this  standard 
height  of  the  barometer  is  understood  to  be  the  pressure, 

If,  therefore,  we  hare  a  gas  at  a  different  pressure,  it  is  usual,  and  often  neces- 
sary, to  reduce  its  volume  to  what  it  should  have  been  under  the  standard  pressure, 
or,  as  it  is  generally  termed,  to  correct  for  pressure :  to  do  this,  we  use  the  rule 
given  above  ftir  the  change  of  volume  with  the  pressure.  Thus,  if,  in  an  analysis 
of  morphia,  we  obtain  454  cubic  inches  of  nitrogen  gas  when  the  barometer  ia  at 
28  5  inches,  we  say  that,  expressing  the  volume  at  80  ineliea  by  V, 
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Knowing,  tlien,  tlie  weigiit  of  100  oabk  indies  of  n 
weiglit  of  4-313  is  easily  obtained. 

In  this  manner,  the  correetions  for  pressure,  alluded  to  in  tlie  description  of  the 
modes  of  tailing  the  specific  grarities  of  gases  and  of  vapours,  are  introduced. 
TKus,  in  taking  the  specific  gravity  of  steam  by  Gay  Lussac's  process  {page  H), 
the  vapour  occupying  but  a  portion  of  the  tube,  there  remajns  a  column  of  mercury, 
suppose  5  inches  higb ;  the  pressure  on  the  vapoar  is  therefore  only  the  difference 
between  that  and  the  external  pressure,  and  if  this  be  30  inches,  is  (30 — 5)=35, 
Then  the  measured  volume  of  the  steam  is  to  what  it  should  be  at  the  standard 
pressure,  as  30  to  35, 

In  certain  cases,  of  which  atmospheric  air  may  be  taken  as  an 
example,  this  rule,  of  the  volume  being  inversely  as  the  pressure, 
holds  exactly  ;  but  there  ace  many  other  gases,  in  which,  when  the 
compression  is  very  great,  the  particles  appear  to  be  bronght  within 
the  sphere  of  their  respective  cohesive  forces,  and  the  volume  di- 
minishes more  rapidly  than  it  ought  by  the  rule.  Thus,  if  a  tube 
full  of  air  and  a  tube  full  of  sulphurous  acid  gas  be  exposed  to  ex- 


actly the  s 
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Sulphurous  acid  as   1' 
In  some  other  gases  the  same  variation  has  been  observed. 

If  such  a  gas  be  still  more  violently  compressed,  its  particles  may 
be  brought  so  completely  within  the  sphere  of  cohesive  action,  that 
this  force  comes  into  active  play,  and  the  body  changes  from  the 
gaseous  to  the  liquid  form.  Thus  many  gases  have  been  liquefied 
by  a  degree  of  pressure  which  differs  for  each  gas,  and  is  at  3?° 
rahrenheit  as  follows: 


Nitrous  OKide  .  .  . 
Carbonic  Acid  .  .  . 
Muriatic  Acid  .  ,  . 
Sulphuretted  Hydrogen 


Other  gases,  such  as  oxygen,  hydrogen,  and  aitrogen,  have  been 
subjected  to  a  pressure  of  800  atmospheres,  uot  oniy  without  becom- 
ing liquid,  but  without  even  deviating  from  the  rule  which  implies 
perfect  elasticity,  and  hence  without  even  approximating  to  the 
term  at  which  they  should  abandon  the  gaseous  state.  Notwith- 
standing this,  we  cannot  consider  that  there  is  any  physical  differ- 
ence of  constitution  between  those  liquefiable  and  non-liquefiable 
gases,  and  hence  the  conclusion  is,  that,  by  a  suitable  increase  of 
pre  ssure,  the  molecules  of  all  gases  inight  be  so  brought  into  cohe- 
rent approximation,  and  converted  into  liquids, 

With  regard  to  the  means  of  applying  such  pressure,  and  actually 
obtaining  those  gases  in  the  liquid  form,  it  is  necessary  to  consider 
the  manner  in  which  such  gases  are  generated,  and  such  methods 
will  consequently  be  described  in  the  history  of  those  bodies. 

Cohesion  is  thus  antagonistic  to  the  force  of  heat,  which  tends  to 
render  the  molecules  of  a  body  repulsive  to  each  other,  and  to  sep- 
arate them  to  greater  distances  from  each  other  than  they  had  been 
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is  theiefore  diminished,  and  even  annulled,  by 

lohesion  between  the  particles  of  a  solid  and  those  of 
B  powerful  than  between  the  pavticies  of  the  solid  it- 
's not  merely  moistened  by  the  fluid,  but  it  abandons 
altogether  the  solid  form,  and,  becoming  liquid,  mixes  uniformly  with 
the  fluid,  and  is  said  to  have  been  dissolved  by  it.  By  this  peculi- 
arity of  cohesion,  bodies  are  divided  into  the  soluble  and  the  insoluble. 
Thus  common  salt  and  Glauber's  salt  are  soluble,  while  chalk  and 
white  lead  arc  insoluble,  in  water.  These  classes  are,  however,  con- 
nected by  a  series  of  intermediate  degrees  of  sparingly  soluble 
bodies,  such  as  cream  of  tartar  and  plaster  of  Paris.  Bodies  which 
are  insoluble  in  water  may  be  yet  easily  dissolved  by  other  fluids; 
thus,  resinous  bodies,  which  do  not  dissolve  in  water,  dissolve  in  al- 
cohol. A  great  deal  of  the  success  of  vegetable  proximate  analysis 
depends  on  the  skill  with  which  the  solvent  powers  of  various  fluids 
may  be  successively  applied. 

From  the  tendency  ot  heat  to  diminisli  the  force  of  cohesion,  it  naturally  results 
that  the  solubility  of  most  bodies  is  increased  by  heat ;  thus,  100  parts  of  water,  at 
60°  F.,  dissolve  11  of  sulphate  of  potash,  and  at  213  dissolve  25.  At  60°,  32  parts 
of  dry  sulphate  of  magnesia  are  dissolved  by  100  of  water,  but  74  at  213°.  This, 
however,  is  not  always  the  case ;  some  hodies,  as  common  salt,  are  exaetiy  equaliy 
soluble  in  water  at  all  temperatures,  while  in  other  cases  the  solubility  is  greater  ai 
particular  temperatures  than  either  above  or  below  them.  Of  this  peculiarity,  tlie 
sulphate  and  nitrate  of  soda  are  examples.  Thus,  100  parts  of  water  dissolve  o! 
dry  sulphate  of  soda,  at  33°,  608 ;  at  52",  1022 ;  at76o,a8;  at93'^,53;  at  132°, 
47 ;  and  at  313",  43 :  the  solubiUty  increasing  up  to  93°,  and  from  thence  dimin- 
ishing. 100  parts  of  water  dissolve  of  nitrate  of  soda,  at  31°,  63  ;  at  33°,  80 ;  at 
50°,  33  ;  60°,  55 ;  and  at  348°,  318  parts.  Here  the  peculiarity  is  of  tlie  opposite 
kind  10  what  occurs  with  sulphate  of  soda :  the  solubility  diminishing  up  to  50°, 
and  from  thence  progressively  increasing. 

The  solubility  of  bodies  in  water  may  be  strikingly  represented  (o  the  eye  by 
means  of  a  kind  of  map,  such  as  is  given  in  the  figure.  The  horizontal  lines  rep- 
resent the  quantities  of  the  salt  dissolved  by  100  parts  of  water,  while  the  vertieal 
lines  represent  the  temperatures.    Thus  the  line  of  sulphate  of  soda  ci 
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at  the  temperaliire  of  33°  at  the  horizontal  line  5,  anii,  rising  rapidly,  wits  the  hori- 
zontal line  10  at  53",  cuts  the  line  of  40  at  88'',  and  attains  its  highest  point  of  5a 
at  93° ;  from  thence  it  commences  lo  redescend,  until  at  S3S°  there  are  only  43 
parts  dissolved.  The  line  of  chloride  of  sodium  is  horizontal,  showing  that  it  is 
equally  soluble  at  ail  temperatures,  and  in  the  other  cases  the  cODstruction  of  the 
scale  IS  easil;  seen  on  inspection. 

In  general,  when  solid  bodies  dissolve  in  a  fluid,  there  is  coid  prodaced,  hut  oc- 
casionally the  solution  is  accompanied  with  a  remarkable  evolution  of  heat;  this 
Inst  occurs  when  bodies  which  naturally  contain  water,  chemically  combined,  are 
deprived  of  it  by  heat,  and  when  thus  dried,  dissolved ;  in  such  cases,  it  is  probable 
that  the  one  portion  of  water  is  taken  by  the  salt  into  a  state  of  intimate  chemical 
combination,  and  thus  more  heat  produced  than  counteracts  the  cold  which  should 
arise  from  the  mere  solution  of  the  hydrated  salt  thus  formed.  Such  examples  may 
be  found  in  dry  chloride  of  calcium,  the  dry  sulphates  of  copper,  or  of  zinc  and  iron. 

Solution  is  very  much  promoted  by  agitation,  by  the  minute  di- 
vision, of  the  solid,  and  generally  by  all  causes  which  tend  to  facil- 
itate the  contact  of  the  solid  and  liquid  particles.  When  the  liquid 
has  dissolved  as  much  of  the  solid  as  possible,  it  is  said  to  be  satu- 
rated. The  cohesion  of  the  liquid  to  the  solid  having  been  reduced 
10  an  equality  with  that  of  the  particles  of  the  solid  for  each  other, 
it  can  dissolve  no  more. 

[f  a  saturated  solution  be  so  circumstanced  as  to  diminish  the 
cohesion  of  the  particles  of  the  solid  to  each  other,  a  portion  of 
the  solid  separates,  the  amount  of  which  depends  on  the  new  con- 
ditions under  which  the  liquid  is  placed.  Thus,  if  to  a  solution  of 
nitre  in  water  there  be  added  spirits  of  wloe,  the  water  mixes  with 
tlie  spirits  of  wjne  and  abandons  the  nitre,  which  is  precipitated 
If  strong  muriatic  acid  be  added  to  a  solution  of  chloride  of  barium 
ID  water,  the  water  is  taken  by  the  acid,  and  the  salt  falls  down  as  a 
white  powder.  But  the  niost  usual  ease  is  where  the  separation 
of  the  solid  is  produced  by  the  cohesion  of  its  own  particles,  which, 
slowly  abandoning  the  liquid,  dispose  themselves  according  to  cer- 
tain laws,  and,  assuming  regular  geometrical  forms,  are  termed 
crystals.  Solid  bodies,  in  separating  slowly  from  liquids  in  which 
they  had  been  dissolved,  in  general  thus  crystallize,  and  the  figures 
of  these  crystals  being,  to  a  great  extent,  characteristic  of  the 
bodies,  deserve  minute  attention. 

To  obtain  substances  regularly  crystallized,  several  processes 
may  be  followed,  according  to  the  nature  of  the  body.  Where  the 
substance  is  soluble,  and  more  soluble  in  a  hot  than  in  a  cold  liquid, 
a  saturated  boiling  solution  may  be  made  and  allowed  to  cool.  The 
excess  of  the  solid  body  crystallizes  out  on  cooling.  Thus,  if  151 
parts  of  sulphate  of  magnesia  in  crystals  be  dissolved  jn  100  parts 
of  boiling  water,  and  allowed  to  cool  to  60°,  a  quintity  of  crystals 
will  be  obtained  weighing  86  parts ;  for  at  60'  the  100  of  \\  ater  can 
only  dissolve  65,  and  the  difference  between  that  and  the  151, 
which  had  been  dissolved  by  the  boiling  water,  must  crystallize 
If  the  body  be,  like  common  salt,  equally  soluble  m  water  at  all 
temperatures,  the  above  process  cannot  be  applied,  and  a  quantity 
of  the  liquid  must  be  removed  by  evaporation  ;  the  portion  ol  silt 
corresponding  to  the  quantity  of  water  which  has  passed  awij,  la 
thus  obtained  solid.  If  the  evaporation  be  slowly  caiued  on,  so 
that  the  formation  of  the  crystals  is  not  disturbed  by  the  boilmg  of 
the  liquid,  they  form  regularly,  and  may  attain  to  considerable  size. 

In  many  cases  the  bodies  which  it  is  necessary  to  obtain  crys- 


b,  Google 


24  CKYSTALLIZATtON. 

tallized  are  not  soluble,  or  it  may  be  wished  to  obtain  crystals  oth 
erwise  tlian  by  solution.  By  meltin^  a  solid  substance,  its  particles 
are  allowed  liberty  of  motion ;  and  when  it  again  commences  to 
solidify,  they  may  arrange  themselves  regularly,  and  crystallize. 
Almost  all  bodies,  when  melted,  and  then  allowed  to  solidify,  do 
thus  crystallize;  but  the  spaces  left  between  the  crystals  which 
first  form  being  completely  filled  up  by  the  portions  which  solidify 
afterward  there  remams  only  a  general  crystalline  structure,  visi- 
ble m  the  fiacture  of  the  body.  Thus  cast  iron,  sulphur,  zinc,  &c., 
have  crystalhne  fractures.  The  beautiful  feathered  appearance 
gi\en  to  sheet  tm  by  -ivashing  with  dilute  acid,  and  which  was  so 
popular  some  jeaia  ago  under  the  name  of  moiree  metallique,  was 
simply  this  crystallme  structure,  displayed  by  removing  the  thin 
lajer  of  metal  on  the  outside,  which  had  solidified  too  rapidly  to 
have  accjuired  anj  trace  of  crystallization.  To  obtain,  therefore, 
the  metals  ci\stalli7ed  by  fusion,  the  excess  of  liquid  metal  must 
be  rt,n  ored  Irom  around  the  crystals  that  ace  first  formed.  A 
quaititj  of  the  metal  or  of  sulphur,  having  been  melted  in  a  cup, 
IS  to  b(,  allowed  to  cool  until  a  solid  crust  has  fprmed  upon  the 
Burfaee  and  at  the  sides  to  a  certain  depth;  two  apertures  must 
then  be  made  in  the  upper  crust,  and  the  fluid  meta! 
1  remamingbe  poured  out  at  the  one,  aperture,  while 
the  air  enters  at  the  other  to  supply  its  place.  On 
then  breaking'  the  vessel,  the  interior  of  the  solid 
laj  er  of  metal  or  sulphur  is  generally  found  lined 
with  w  el!  formed  and  characteristic  crystals,  as  rep- 
ented m  the  figure. 
Bodies  may  also  he  crj  stalUzed  by  sublimation.  When  a  sub- 
stance has  been  converted  into  vapour,  and  that,  in  condensing,  it 
assunes  at  once  the  solid  form,  its  particles  arrange  themselves  so 
as  to  fo  m  crystals  Thus  are  obtained  in  fine  crystals,  arsenic, 
arseniuus  acid,  coirosive  sublimate,  benzoic  aeid,  &c. 

It  frequently  happens  that  the  same  body  maj  be  obtained  crys- 
tallized by  more  than  one  of  these  processes.  Thus,  corrosive  sub- 
limate may  be  crystallized  by  solution  or  by  sublimation  ;  sulphur 
may  be  crystallized  either  by  fusion  or  by  solution.  It  is  remai'k- 
nble  that,  when  this  occurs,  the  crystals  obtained  by  the  two  pro- 
cesses are  never^of  the  same  shape  ;  they  have  not  even  any  simple 
relation  of  figure  to  one  another,  but  indicate  a  totally  different 
mode  of  arrangement  of  particles,  induced  probably,  at  ieaet  in 
part,  by  the  different  temperatures  at  which  the  change  of  state  of 
aggregation  may  have  occurred.  A  body  which  crystallizes  thus 
in  two  ways  is  said  to  be  dimorphous,  and  this  character  will  be 
found  hereafter  of  the  highest  importance  in  the  theory  of  the 
atomic  constitution  of  compound  bodies. 

The  more  slowly  the  change  of  state  occurs,  the  more  regular, 
and  the  larger,  are  the  crystals  that  are  formed.  Hence,  in  practice, 
solutions  are  left  to  cool  Tory  slowly,  or  to  evaporate  spontaneously ; 
and  sublimation  is  effected  by  the  most  gentle  heat  that  can  be  ad- 
vantageously applied.  To  favour  the  deposition  of  the  particles, 
a  variety  of  artificial  aeids  may  bo  applied.  Thus,  crystallization 
takes  place  bettor  in  a  pan  with  some  little  roughness  at  the  aides 
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than  when  it  is  quite  smooth,  and  threads  are  hung  in  sirup  to  pro 
mote  the  crystallization  of  the  sugar -c an dy ;  a  little  crystal  of  the 
same  kind  of  salt  is  often  introduced,  to  serve  as  a  nucleus  round 
which  the  new  crystals  may  gather;  and,  in  a  solution  containing 
many  salts,  the  nature  of  the  salt  which  shall  crystallize  may  be 
determined  by  the  nature  of  the  little  crystal  introduced:  thus,  if 
equal  parts  of  nitre  and  of  Glauber's  salt  be  mixed  and  dissolved 
in  five  parts  of  water,  and  the  solution  divided  between  two  similar 
dishes;  on  a  crystal  of  nitre  being  laid  in  one  dish  and  a  crystal 
of  Glauber's  salt  being  laid  in  the  other,  a  crystallization  of  pure 
nitre  will  occur  in  the  former,  while  nothing  but  Glauber's  salt  will 
crystallize  in  the  latter  dish.  Salts  which  are  mixed  together  in 
solution  may  a!so  be  separated  from  one  another  by  their  respective 
sctjubilities :  thus,  if  sea-water  be  evaporated,  common  salt  alone 
will  be  deposited  according  as  the  liquor  boils  away ;  when  it  has 
been  removed  from  the  fire  no  more  common  salt  separates,  but 
Epsom  salt  will  crystallize,  and,  after  it  has  been  removed,  the  liquor 
will  be  found  to  contain  chloride  and  iodide  of  magnesium.  The 
liquor  from  which  crystals  have  separated  is  called  the  Mother 
liquor. 

Crystals  occasionally  form  in  a  body,  although  it  may  remain 
completely  solid.  Thus,  when  copper  wire  has  been  kept  some 
time  in  the  laboratory,  it  becomes  a  mass  of  cubical  crystals,  and 
its  tenacity  is  almost  completely  lost.  When  sugar  is  melted  and 
allowed  to  cool,  it  forms  a  perfectly  transparent  hard  mass,  desti- 
tute of  any  trace  of  crystalline  arrangement,  but  after  some  months 
it  becomes  opaque  and  white,  having  changed  into  ordinary  crystal- 
lized sugar.  In  cases,  also,  where  bodies  are  dimorphous,  one 
form  is  generally  unstable,  and  the  body,  when  crystallized  in  it, 
changes  after  sometime  into  the  other  form.  This  takes  place  re- 
markably with  sulphur,  and  will  hereafter  be  again  referred  to. 

A  solution  of  a  salt,  saturated  at  a  high  temperature,  is  found 
occasionally  to  remain  without  crystallizing,  although  cooled  to  a 
very  low  degree.  In  such  case,  on  introducing  a  little  crystal,  or 
agitating  the  liquor,  it  suddenly  crystallizes,  and  frequently  solidi- 
fies into  one  mass.  Sulphate  of  soda  is  remarkable  for  its  tenden- 
cy to  assume  this  indiilerence  to  crystallization.  If  two  parts  of 
crystallized  sulphate  of  soda  be  dissolved  in  one  part  of  water,  at 
93',  and  the  solution  be  laid  aside  to  cool,  without  being  disturbed, 
it  remains  quite  clear  and  liquid  ;  but,  on  producing  crystallization 
hy  any  of  the  means  just  stated,  the  whole  becomes  solid. 

In  all  cases  of  crystallization  there  is  heat  evolved,  consequent 
on  the  genera!  law  of  heat  being  given  out  when  a  liquid  or  va- 
pour becomes  solid.  There  is  sometimes  a  remarkable  evolution 
of  light,  to  which  I  shall  refer  again.  Indeed,  crystallization  is 
sensibly  affected  by  the  presence  or  absence  of  light.  If  a  dish, 
half  covered  by  paper,  be  set  aside  with  a  solution  to  crystallize, 
hut  few  crystals  will  form  in  the  dark,  although  there  may  be  an 
abundant  crop  on  the  illurainoted  portion  of  the  vessel. 

It  has  been  noticed,  that  when  a  body  has  been  obtained,  crys. 
tallized  at  different  temperatures,  as  by  solution  and  fusion,  the 
crvsUlline  form  is  generally  different,  and  the  body  is  said  to  be 
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dimorphous.  la  this  case,  the  two  forms  are  totally  dift'erent  in 
their  geometrical  character.  But  independent  of  this,  a  hody  may, 
even  simply  by  solution,  be  obtained,  crystallized  in  a  great  variety 
of  forms.  In  a  crop  of  crystals  of  sulphate  of  iron  or  of  alum,  obtain- 
ed by  cooling  from  a  hot  eolutioo,  a  great  many  different  figures  may 
be  observed,  which,  however,  are,  on  eiammation,  all  relenible  to 
one  more  regular  and  fundamental  form  Each  substance  has  thus 
a  characteristic  form  of  crystal,  which  is  termed  its  primary  form  ; 
and  it  may  assume  a  great  variety  of  figures,  produced  by  modifi- 
cations of  this  form:  these  are  teimed  secondary  forms.  Thus, 
carbonate  of  lime  has  been  found  crystallized  in  more  than  six 
hundred  different  secondary  forms,  all  derivable,  however,  from  the 
one  original  primary  figure,  the  rhombohedron.  The  growth  of  a 
crystal  depending  on  the  deposition  of  new  layers  of  particles 
over  its  external  surface,  any  change  in  the  quantity  deposited  on 
each  side  will  naturally  produce  a  change  of  form.  It  is  there- 
fore necessary,  when  crystals  are  left  iong  in  a  solution,  to  turn 
them,  and  change  their  position  frequently,  as  otherwise  the  growth 
would  take  place  oa  some  sides  rather  than  others,  and  secondary 
forms  would  be  produced,  by  which  the  characteristic  figure  of  the 
crystal  would  be  injured. 

The  most  ordinary  sourt*  of  ebange  of  figure  consists  in  the  replacement  of  an 
udge  ur  of  an  angle  by  a  plane.  Thus  one  of  the  simplest  figures  uf  crystals  is 
tlie  cube  a ;  il  has  eight  edges  and  eight  solid  angles.  The  effect  of  substituting 
plune  surfaces  for  the  edges  is  to  produce  the  secunilary  form  b,  and  by  replacing 
the  solid  angles  by  planes,  the  form  c;  when  these  replacements  occur  together, 
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lie  more  complex  figure  d  is  produced.  If  the  edges  of  the  cube  be  replaced  until 
ill  traces  of  the  original  planes  disappear,  the  figure  e,  the  rhombic  dodecahedron, 
s  produced ;  and  if  the  replacement  of  the  solid  angles  by  planes  be  carried  on  to 


tne  same  extent,  there  is  formed  a  regular  oetohedron  /.  These  last  are  again  sim- 
ple and  primary  forms,  for  by  a  similar  move  of  replacement  they  may  be  reduced 
to  each  other  or  to  the  cube, 

Wlien  a  crystal  augments  in  size  by  the  deposition  of  layers  of 
fresh  material  upon  its  faces,  the  molecular  cohesion  in  each  new 
layer  is  greater  than  its  cohesion  to  the  layer  underneath,  and  hence, 
by  skilful  splitting,  a  crystal  may  te  separated  into  a  number  of 
plates,  exhibiting  the  order  of  its  formation.  The  direction  in 
which  a  crystal  may  be  split  is  termed  its  cleavage,  and  it  is  of  great 
importance  in  the  determination  of  the  primary  form  of  the  crys- 
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tal,  for  it  often  occurs  tliat  the  same  secondary  form  may  be  pro- 
duced by  two  different  primary  forms,  and  in  such  case,  the  cleav- 
age being:  simply  related  to  the  surfaces  of  the  true  primary  form, 
determines  which  it  is. 

Not witliBlar ding  the  immense  variety  of  forms  of  crystals  which  exist,  they  niay 
yet  be  reduced  ta  a  very  few  classes,  by  conceiving  them  to  be  formed  by  their  par- 
ticles i-eing  built  up  around  certain  axes,  which  pass  through  the  centre  of  the  crys- 
tal, and  the  relative  position  and  magnitude  of  whicli  determine  the  manner  in  wtiitdi 
the  particles  are  arranged. 

Tn  this  way  there  may  be  farmed  six  systems  of  crystallization,  characterizeil  aa 
follows : 

,1st  System.  Tkc  Regular  Si/stem.  The  three  axes  are  all  equal  in  length,  and 
are  ac  right  angles  to  each  other. 

Sd  System,  The  Rhombokedral  Si/slcra  has  three  axes  equal  in  length,  which 
are  placed,  however,  at  equal  angles  (60°)  with  each  other,  and  are  all  in  the  same 
plane,  while  a  fourth  and  unequal  axis  is  at  right  angles  to  that  plane. 

3d  System.  The  Si/'uhtc  Pritmalic  Sgaicm  has  the  three  axes  at  right  angles  to 
each  other,  but  there  are  only  two  of  them  equal ;  the  third  is  either  longe/ or  sliorler 
than  the  other  two. 

4th  System.  TIte  Righi  Primiaik  Si/siem  has  the  three  axes  at  right  angles  to 
each  other,  but  there  are  no  two  of  them  of  the  same  length. 

5lh  System.  T%e  Oblique  Frifmatic  Syslcm  has  two  of  the  axes  maliingan  acute 
angle  with  each  other,  while  the  third  is  placed  at  r^ht  angles  to  both.  Tlie  three 
axes  are  all  unequal  in  length. 

6th  System.  The  Doubly  OMigiie  Prismaik  Syslem  has  all  the  axes  unequal  in 
lei^h,  and  making  acute  migles  with  one  another. 

The  various  actual  forms  of  crystals,  both  primary  and  secondary,  are  derivable 
from  the  manner  in  which  the  plane  surfaces  of  the  crystals  may  be  applied  araund 
these  axes.  In  order  to  conceive  the  application  of  the  planes,  the  axes  shall  be 
considered  as  placed  with  one  in  a  vertical  position,  and  it  is  called  the  principal 
axis.    The  nature  of  the  system  determines  which  axis  should  be  selected. 

tn  the  Regular  System,  the  axes  being  ail  equal.  It  is  a  matter  of  indifibrence 
which  is  chosen  as  the  principal  axis,  and  their  perfect  symmetry  is  also  a  reason 
that  the  portions  of  the  crystal  around  each  axis  must  be  completely  similar.  The 
number  of  forms  belonging  to  this  system  is  consequently  not  very  large,  and  they 
are  remarkable  for  their  simplicity.  Thus,  when  each  plane  cuts  the  axes  at  equal 
distances  from  the  centre,  the  form  is  the  octohedron.  and  as  the  planes  must  be 
equally  inclined  to  all  the  axes,  it  is  the  regular  octohedron  /,  of  which  each  plane 
is  an  equilateral  triangle.  When  each  lace  of  the  crystal  cuts  one  axis  at  right  an- 
gles, and  is  hence  parallel  to  the  other  two,  the  form  is  the  cube  a.  When  each 
face  cuts  two  axes  at  equal  distances  from  the  centre,  and  is  parallel  to  the  third, 
the  ligure  which  results  is  the  rhombic  dodecahedron  e.  By  the  combined  positions 
(^  sets  of  planes,  other  and  more  complicated  (secondary)  b,  c,  d,  forms  are  produced, 
arising  from  the  partial  coexistence  of  the  conditions  of  the  formation  of  two  sim- 
ple forms. 

The  crystals  belonging  to  this  system  are  generally  very  well  defined  and  easily 
recognised:  a  great  number  of  important  btwies  crystallize        . — 
in  the  forms  belonging  to  it :  thus  common  salt,  fluor  spar,   /7 
galena,  and  iron  pyrites,  are  found  in  cubes ;  alum  in  octohe-   <~  • 
drons;  the  garnet  is  found  in  dodecahedrons.     When  pure 
metallic  substances  are  found  crystalhzed,  it  is  always  in 
fonns  belonging  to  this  system ;  thus,  bismuth,  copper,  sil- 
ver, gold,  crystallize  in  cubes,  and  lead  in  octohedrons. 

A  peculiarity  of  crystals,  belonging  particularly  to  this  sys- 
tem and  to  the  next,  is,  that  every  alternate  lace  shall  become 
developed  to  such  a  degree  as  to  obliterate  the  intervening 
planes,  and  thus  to  generate  a  new  form,  having  one  half  of 
the  number  of  planes.  Thus  a  crystal  of  alum  is  very  sel- 
dom truly  octohedral;  it  has  usually  the  figure  of  i-  where 
four  of  the  sides  of  the  octohedron  have  become  very  large, 
while  the  other  four  remain  very  small.  When  the  oiilitera- 
lion  becomes  complete,  there  is  produced  the  tetrahedron,  or 
thiee-sided  pyramid  of  fig,  h,  which  is  hence  properly  called 
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the  homioctohedron.  Such  crystals  are  called  hemiltedral,  from  their  containing 
half  the  proper  number  of  sides.  Certain  bodies  have  a  natural  tendency  to  hemi- 
hedral  crvstalhzation,  and  are  but  very  rarely  found  with  tlie  proper  number  of 
planes.  The  diamond  is  a  remarkable  instance  of  this.  Its  proper  form  is  the  reg- 
idar  ootohedron,  bat  its  crystals  are  universally  hemihedral. 
In  the  Rhombehedral  system,  iJie  supplementary,  or  fourtJi  axis,  is  taken  as  the 
principal  axis,  and  the  ciyatals  are  formed 
by  the  planes  being  applied  to  these  a: 
as  in  the  former  system.  If  the  planes 
be  all  inclined  at  the  same  angles  tc 
three  horizontal  axes,  and  cut  the  ^ 

[is,  there  is  foiroed  a  doable  sa 
sided  pyramid  (t);  and  when  the  plane 
"  e  perpendicular  to  the  horizontal  axK . 
"  '  '  0  the  vertical  axis,  the  six- 
is  produced.    These  fo 
'  in  quartz,  as  in  the  % 
n  these  forms  there  may 
n  place  of  sis ;  as  a  twelve- 
■  1,  of  which  quartz  also 

:  more  remarkable  for  its  modilied  Ibrms  than  for  those  simple  fig- 
ures above  described,  although  the  six-sidal  prism  and  six- 
sided  pyramid  are  characterislio  of  very  many  substances.  If 
we  suppose,  in  the  termmal  six-sided  pyramid,  every  alternate 
side,  above  and  below,  to  grow  at  the  expense  of  those  nest 
it  at  each  side,  I  will  be  formed.  Ultimately  the  sides  of  the 
prism  disappear,  and  there  will  remain 
a  figure  of  six  planes,  of  which  all  the 
sides  shall  be  equal  and  similar  rhombs, 
the  rhombohedron,  m,  which  gives  i 
lame  to  this  system,  although  it  be  bi 
i  hemihedral  modification  of  the  tn 
typical  form.  The  principal  axis  of  the  L 
rhombohedron  is  the  vertical  axis  of  the  ^ 
d  the  horizontal  axes  are  found  by  joining  the 
to  the  centres  of  the  opposite  faces,  where  oi ' 
ginally  the  lateral  angles  of  the  pyramid  had  been. 

The  carbonates  of  lime,  of  iron,  and  magnesia  are  remarkable  for  cryslallieing 
with  this  hemihedral  figure.  Even  in  the  six-sided  prism  of  carbonate  of  lune,  the 
rhomboliedral  tendency  is  evident  by  the  crystal  being  terminated,  not  by  the  six- , 
sided  prism,  as  in  quartz,  but  by  its  three  hemihedral  replacing  planes. 
3.  3^6  Square  Piismatic  Syslem. — The  crystals  of  this  class  differ  from  those  of 
the  regular  system  in  tlie  vertical  axis  not  being  necessarily 
equal  to  the  other  two ;  but,  on  the  contrary,  being  in  almost 
11  cases  either  longer  or  shorter.  Where  there  is  formed 
n  octohedron,  n,  it  differs  from  the  regular  octohcdron  in 
'  the  terminal  angle  of  each  plane  being  not  60°,  but  more  or 
less.  Its  l>asis  is,  however,  a  square ;  and  j-'fK 
o  distinguish  it  from  the  octohedron  of  the  j^f  \^ 
following  system,  it  is  termed  the  octohedron  with  the  square  base,  f 
By  the  application  of  planes  perpendicular  to  tlie  horizontal  axes,  a 
tiur-sided  p3Tamid  with  a  stiuare  base  is  formed,  o,  and  by  the  re- 
(ilaeement  of  the  terminal  edges  of  this  prism,  four-sided  pyramids 
may  be  formed  on  its  base  and  summit.  By  this  property  the  square 
prisms  and  octohedrons  are  distiaguished  from  all  modifications  of 
the  cube  and  octoh^ron  of  the  regular  system.  When  the  edge 
of  a  cube  is  replaced,  the  plane  substituted  for  it  gains  equally  on 
the  two  surf^es,  and  hence,  when  one  is  eflhced,  the  other  must 
be  so  also.    But  in  ttie  square  prisms  the  replacement  may  efihce  the  terminal  plane, 

fiving  a  four-sided  pyramid,  and  yet  the  lateral  planes  be  but  little  encroached  upon, 
he  sides  of  the  crystal  in  this  system  are  tlius  independent  of  the  top  or  bottonii, 
and  may  be  modilied,  while  the  top  and  bottom  remain  unaltered ;  this  never  takes 
place  in  the  regular  system,  where,  there  being  no  one  side  particularly  upper  or 
ower,  all  modifications  must  aflfeet  all  sides  alike. 
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of  planes 


4.  The  right  Prismatic  Si/stem. — In  this  system  the  three  axes 
being  all  unequal,  the  length,  breadth,  and  thickness  of  the  crys- 
tal  may  l)e  difFerent  from  each  other.  Thus,  in  the  ootohedroii.p, 
formed  by  the  application  of  planes,  each  comieeting  the  extremi- 
ties of  the  three  azea,  the  three  dimensions  of  the  crystal,  as  in 
the  figure,  which  ia  the  primitive  form  of  sulphur,  are  unequal ; 
Ihe  octohedron  has  a  rhombic  base;  and  by  planes  which  are  in- 
clined, to  the  horizontal  axes,  and  parallel  to  the  Tcrtieal  axis,  a 
prism  with  a  rhombic  base  may  be  produced.  This  also,  by  com- 
bination of  the  two  forms,  may  obtain  pyramidal  terminations,  as 
in  some  forms  of  native  sulphur. 
An  important  character  of  this  system,  which  arises  from  there 
being  no  necessary  connexion  between  the  two 
horizontal  axes,  is,  that  the  lateral  edges  may  be 
alternately  modified  in  a  different  manner ;  or,  in  other  words,  that, 
looking  at  the  crystal,  its  back  and  front  may  be  differently  affected 
\  from  its  sides.  Of  this  an  example  may  be  found  in  a  common 
^  modification  of  the  sulphur  uctohedron  given  in  figure  q. 
'  5.  TAe  oblique  PriimaHe  iS^*(eCT.— -From  the  manner  in  which 
tlie  crystals  twlonging  to  this  system  form,  one  of  the  oblique  axes 
is  generally  by  much  the  most  developed,  and  is  taken  as  tlie  prin- 
cipal axis.  The  remaining  axes,  which  are  at  right  angles  to  each 
other,  are  taken  as  horizontal,  the  principal  axis  making  with  them  the  acute  angle, 
which  belongs  to  the  peculiar  body. 

By  means  of  planes  which  are  inclined  to  all  the  axe 
liqae  rhombic  octohedron,  such 
<su!phate  of  lime),  as  in  figure  r;  and  by  r 
"~~^^^^^  which  are  inclined  to  two  axes,  but  parallel 
o  the  third,  an  oblique  rhombic  prism  may 
A  remarkable  character  of 
le  crystals  is,  that  from  the  crossing  of  the  axes  and  their  inde- 
pendence of  each  other,  the  front  and  back  of  the  crystal  may  be 
quite  different  in  relation  to  the  sides.  The  crystals  of  sulpliate 
of  soda,  of  carbonate  of  soda,  of  horax,  of  sulphate  of  iron,  and  of 
feldspar,  may  be  taken  as  examples  of  the  numerous  forms  deriva- 
ble from  this  system. 

6,  The  dmUy  oblique  PHamatie  Systera.-~The  axes  are  all  une- 
qual, and  all  form  acute  angles  with  each  other,  and  it  is  hence  in- 
different  which  is  taken  as  the  principal  axis  of  the  crystal.  The 
consequence  is  complete  absence  of  symmetry  between  any  two  surfaces  of  the 
crystal,  except  suchas,bo!ngat  tlie  ends  of  the  same  axis,  are  parallel  tn  each  othet. 
The  complexity  of  crystals  of  this  system  is  hence  usually 
very  great.  The  simplest  forms  are  the  obliqae  rhombic 
octohedron,  t,  and  the  obllQue  rhombic  prism,  fonned  by 
planes  inclined  to  all  the  axes,  or  to  two,  and  parallel  to  the 
third,  respectively.  The  soda  feldspar  (aibit)  and  sulphur 
of  copper  are  examples  of  this  system ;  the  octohedron  of 
this  system  is  figured  in  the  margin. 

It  might  be  at  first  supposed  that  the  assumption  of  these  axes,  or  lines  round 
which  we  have  supposed  the  crystalline  particles  to  be  regularly  arranged,  was 
merely  a  geometrical  fiction,  by  which  the  form  of  the  eiyst^  might  be  more  easily 
represented  to  the  mind ;  but  such  is  not  the  case.  Evidence  derived  irom  a  vari- 
ety of  sources'  agrees  in  demonstrating  that  this  diversity  of  crystalline  systems 
arises  from  fUndamentid  differences  in  the  laws  of  molecular  cohesion,  by  which 
the  formation  of  the  crystal  is  regulated,  and  that  these  axes,  which  hare  been  so 
much  alluded  to,  are  real  centres,  the  proportion  and  position  of  which  determine 
all  the  physical  properties  of  the  body.  It  is  peculiarly  from  the  action  of  crystal- 
lized bodies  upon  hght  that  accurate  and  extraordinary  information  has  been  ob- 
t^ed  of  their  internal  structure,  and  the  discoveries  that  have  been  made  in  this 
department  were  the  means  of  advancing  the  physical  theory  of  light  to  its  present 
almost  perfect  state. 

Substances  may  assume  crystalline  forms  which  do  not  property  belong  to  them 
in  many  ways.  Thus,  a  group  of  crystals  being  imbedded  in  a  rock,  they  may,  by 
the  filtration  of  ibe  water  of  springs  across  the  rock,  bo  dissolved  out,  leaving  a  hoi- 
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low  mould  of  thfiir  form ;  and,  subsequently,  substances  of  another  kind  may  be  in- 
troilueeil  into  this  cavity,  and,  s<didifying  there,  may  simulate  the  external  form  of 
the  original  inhabitant.  But  theae  are  no  more  real  crystals  than  a  mass  of  plaster 
of  Paris,  which  has  solidified  in  a  hollow  mould,  and  comes  out  as  an  Apollo's  liead, 
can  be  said  to  have  so  crystallized.  By  cleavage,  and  by  the  operation  of  polari'^ed 
light,  the  unsuited  internal  structure  is  recognised,  and  the  crystal  is  stated  to  have 
been  merely  pseudomorphous.  Another  mode  in  which  a  body  may  come  to  have  a 
form  nnC  its  own,  is  by  remaining  behind  alter  the  decomposition  of  the  substance 
which  had  really  crystallized.  Thus,  when  hydrated  eliloride  of  copper,  which 
crystallizes  in  fine  green  prisms,  is  carefully  heated,  the  water  ia  expelled,  and  the 
cljoride  of  copper  remains  dry,  and  of  a  fine  yellowish-brown  colour,  in  the  original 
crystalline  form,  and  with  the  surfaces  quite  bright.  The  red  iodide  of  mercury 
combines  with  ammonia  to  form  a  substance  which  crystallizes  in  long  prisms  of  a 
snow-white  colour ;  these,  when  exposed  to  the  air,  lose  all  ammonia,  and  the 
Iodide  of  mercury  remains  behind,  pure,  and  of  a  brilliant  red,  but  with  the  perfect 
figure,  and  bright,  smooth  surfaces  and  sharp  angles  of  the  body  originally  crys- 
tallized. 

It  ha   been  thought  that  the  presence  of  foreign  bodies  in  a  solution,  even  where 
h        d    ot  enter  into  combination  with  the  substances  which  crystallized  from  it, 
m  gh         dily  their  form.    Thus,  when  common  salt  crystallizes  in  a  solution  of 
deposited  in  octohedrons,  and  by  dis^tving  alum  in  a  solution  of  urea,  it 
m  tained  crystallized  in  cubes.     But  in  this  case,  the  substances  which  crys- 

are  no  longer  common  salt  nor  alum,  but  the  one,  a  combination  of  area  with 
mm       alt,  and  the  other,  a  basic  alum  produced  by  Uie  mutual  decomposition 
and  the  alum.    The  presence  of  a  trace  of  lead  or  tin  in  a  large  quanCi- 
od      of  potassium,  has  been  supposed  to  modify  its  form ;  hut  It  is  more  likely 
that  the  mechanical  presence  of  an  impurityofthe  kind  may  be  supposed  to  produce 
a  tendency  to  macled  crystals,  and  thus  the  external  form  be  somewiiat  altered,  al- 
though the  true  constitution  of  the  crystal  may  remain  the  same. 

Certain  bodies,  when  they  exist  together  in  solution,  may  re- 
iriarkably  modify  each  other's  form,  by  crystallizing  together  so 
completely  that  every  individual  crystal  shall  contain  a  quantity  of 
each.  Yet  these  bodies  will  not  have  combined  chemically  with 
each  other,  for  the  quantity  of  each  present  in  each  crystal  is  quite 
indefinite  ;  they  are  mixed  together  mechanically  in  the  crystals, 
and  hence  the  form  of  the  actual  crystal  is  intermediate  between 
those  which  the  separate  bodies  should  have  had  if  they  were 
pure.  In  order  that  bodies  may  so  crystallize  together,  it  is  not 
only  necessary  that  they  should  be  of  the  same  crystalline  system, 
but  the  crystalline  forms  must  resemble  one  another  very  closely 
in  all  their  angles  and  sides.  Thus,  not  only  will  iodide  of  potas- 
sium and  sulphate  of  soda,  which  belong  to  different  systems  of 
crystallization,  not  crystallize  together,  but  Glauber  salt  a:id  car- 
bonate of  soda,  which  do  belong  to  the  same  system,  will  not  crys- 
taUize  together,  because  the  relations  of  their  angles  and  sides  be- 
ing copipletely  differeilt,  they  cannot  mix  together  so  as  to  form  a 
uniform  solid.  But  sulphate  of  zinc  and  sulphate  of  magnesia  be- 
long not  merely  to  the  same  crystalline  system,  but  they  are  al- 
most identical  in  their  figures ;  the  eye  cannot  make  any  distinction 
between  their  crystals ;  and  hence,  when  a  crystal  is  being  formed 


olution  containing  these  two  bodies,  the  molecular  a 


7s- 


talline  forces  being  the  same  for  both,  they  concur  in  the  buildi 
of  the  crystal  without  interfering  with  each  other.  Hence,  as  there 
is  a  very  small  difference  between  the  angles  of  the  rhombic  prisms 
of  the  two  salts,  the  one  being  90°  30',  and  the  other  91°  8',  if  they 
be  mixed  in  equal  proportions  in  the  crystal,  its  angle  must  be  90^ 
49'.     Carbonate  of  lime  and  carbonate  of  magnesia  are,  like  the 
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sulphates  of  zinc  and  magnesia,  almost  identical  in  crystalline  form, 
and  they  exist  in  nature  mixed  together,  forming  the  dolomite  or 
magnesian  limestone.  The  quantity  of  carbonate  of  lime  is  to  the 
quantity  of  carbonate  of  magnesia  as  50-6  to  42-8 ;  and  as  the  angle 
of  the  rhomb  of  carbonate  of  lime  is  105°  4',  and  that  of  carbonate 
of  magnesia  is  107^  40',  the  angle  of  the  mixed  crystal  is  found 
by  multiplying'  the  angle  of  each  constituent  by  its  quantity,  adding 
these  products  together,  and  dividing  by  the  quantity  of  the  mixture, 
and  the  result  is  lOG^*  15',  the  angle  of  the  rhombic  crystal  of  mag- 
nesian  limestone. 

The  peculiarity  of  crystallization  which  such  bodies  possess  may 
be  illustrated  in  another  manner.  Ordinary  alum  is  a  sulphate  of 
alumina  and  potash ;  but  there  are  a  great  variety  of  other  double 
sulphates  which  crystallize  in  the  same  form,  and  which  constitute 
a  well-defined  crystalline  genus.  If  an  octohedral  crystal  of  com- 
mon alum  be  placed  in  a  solution  of  the  sulphate  of  alumina  and 
ammonia,  the  crystal  augments  in  size  by  the  addition  of  layers  of 
1*.  If  it  be  then  removed  to  a  solution  of  sulphate  of  potash  and 
peroxide  of  iron,  it  acquires  another  layer ;  by  a  solution  of  sul- 
phate of  ammonia  and  peroxide  of  iron  another  still ;  and  by  means 
of  solutions  of  the  alums,  which  consist  of  oxide  of  chrome  united 
to  potash  or  ammonia,  with  sulphuric  acid,  the  crystal  may  grow  to 
a  still  greater  size.  The  chemical  constituents  of  the  crystal  may 
thus  vary,  but  it  retains  its  form;  the  number  of  equivalents  of 
chemical  substances  contained  in  it  remnin=i  also  the  same  although 
they  may  not  remain  identical  in  nUuie  The  potash  and  the  am- 
monia on  the  one  hand,  the  oxide  of  non  the  alumma,  and  the  ox- 
ide of  chrome  on  the  other,  agree  m  producmg  the  sime  crys- 
talline arrangement  of  particles,  in  inipiessing  upon  their  com- 
pounds, with  the  same  bodies,  the  same  crj  stallme  form  Bodies 
so  related  are  called  isoToorpkovs  Oxide  of  zmc  and  magnesia  are 
isomorphous ;  while  lime  is  a  dimoiphous  bodj ,  being  in  one  form 
isomorphous  with  magnesia,  and  in  the  other  with  oxide  of  lead. 
Isomorphous  bodies  are  remarkably  similar  in  their  chemical  prop- 
erties ;  they  follow  generally  the  same  laws  of  combination,  and 
hence,  as  shall  be  farther  shown  in  the  chapter  on  chemical  affinity, 
the  principle  of  isomoTpfm-m  has  been  of  the  highest  importance 
in  developing  the  true  relations  of  chemical  substances  to  each 
other,  and  the  intimate  connexion  of  the  forces  which  produce  the 
chemical  combination,  and  those  which  direct  the  crystalline  ar- 
rangement of  the  particles  of  bodies. 

It  was,  some  time  ago,  considered  an  important  question,  whetlier  the  ultimate 
particles  of  bodies  had  the  same  figure  as  their  primary  crystalline  form,  or  whetb- 
.  er  they  were  gloliular  or  ellipsoidal.  The  law  of  isomoi^jhism  was  considered,  at 
one  time,  to  result  from  the  ultimate  particles  of  those  bodies,  being  themselves 
isomorphous ;  and  hence,  wlien  entering  into  sipllar  combinations,  giving  to  tbem 
also  the  same  form.  It  was  at  another  time  referred  to  the  principle  that,  in  any 
chemical  combination,  the  crystalline  form  wns  determined  by  the  number  of  mole- 
cules or  atoms  present,  and  was  independent  of  their  nature.  Neither  of  these 
ideas  has  been  found  sufficient ;  but  the  complete  discussion  of  the  relations  of  the 
isomorphous  bodies  will  be  found  in  a  future  chapter. 

The  angular  dimensions  of  crystals  being  thus  the  measures  by 
which  they  are  recognised  and  compared  with  one  another,  the 
insiraments  by  means  of  which  their  measurement  is  effected  re- 
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quire  a  few  words'  notice.  They  are  called  g^oniometers  (yovioq,  an 
angle  ;  ^Erpu,  I  measure).  The  simplest  form  consists  of  a  semicir- 
cular scale  of  degrees  attached  to  a  pair  of  blades,  which,  crossing 
eacli  other  at  the  centre,  allow  of  the  crystal  being  adjusted  exactly 
to  their  edges,  and  then  show  the  value  of  the  aogle  by  the  number 
of  degrees  intercepted  on  the  scale  between  the  blades.  For  all 
purposes  requiring  accuracy,  the  goniometer  of  Wollaston  must  he 
applied.  In  it,  the  angle  of  the  crystal  is  determined  by  measuring 
the  number  of  degrees  through  which  it  is  necessary  to  turn  the 
crystal  in  order  that  two  rays  of  light,  reflected  successively  frnrn 
the  two  surfaces,  including  the  angle,  may  be  in  exactly  the  same 
direction.  To  the  adoption  of  this  principle  of  measurement  we 
owe  almost  all  the  great  advance  that  has  been  lately  made  in  the 
relations  of  the  crystalline  forms  of  bodies  to  their  chemical  and 
molecular  constitution. 

In  all  that  has  formed  the  subject  of  the  chapter  which  has  now 
closed,  the  forces  brought  into  play,  and  the  effects  which  were  pro- 
duced by  means  of  their  action,  were  not  such  as  to  involve  the 
principle  upon  which  all  purely  chemical  phenomena  are  based,  the 
existence  of  a  variety  of  elements.  The  laws  of  cohesion,  from  its 
simplest  action  in  a  liquid  to  its  most  complex  manifestation  in  a 
double  oblique  crystal,  might  have  existed  in  nature,  and,  being 
studied,  make  a  part  of  science,  independent  of  any  consideration 
of  true  chemical  force,  although  serving  most  usefully  for  the  iden- 
tification of  chemical  substances,  and  capable  of  modifying  the  cir- 
cumstances of  their  mutual  action  in  an  eminent  degree. 


CHAPTER  II. 
LIGHT  AS  cHAHAciEF.iKina  CHEMICAL  s^;BST.^^■cES 

I  SHALL  not  attempt  to  enter  into  the  details  of  the  history  of  the 
mechanical  properties  of  light,  as  they  constitute  one  of  the  most 
purely  mathematical  of  the  physical  sciences,  and  have  but  indirectly 
a  relation  to  chemical  phenomena;  a  short  notice  of  these  properties 
is,  however,  necessary,  in  order  that  the  means  of  recognising  chem- 
ical substances  may  be  fully  given. 

Light,  emanating  fromany  luminous  body,  moves  in  straight  lines; 
the  smallest  portion  of  it  which  can  be  admitted  through  an  aperture 
being  termed  a  ray.  When  a  ray  of  light  falls  upon  the  surface  cf 
a  body,  it  is  either  bent  back  again,  or  it  passes  into  the  substance 
of  the  body;  the  bending  babk  is  termed  reflection,  and  is  regulated 
by  the  law,  that  the  angles  of  incidence  upon  the  surface,  and  of 
reflection  from  it,  are  always  equal.  It  is  thus  that  the  images  are 
formed  ia  a  looking-glass;  for  we  see  objects  in  the  direction  in 
which  the  ray  of  light  arrives  at  the  eye,  and  hence  we  judge  the 
image  to  be,  as  much  behind  the  mitror  as  the  object  is  before  it. 

When  the  ray  of  light  has  passed  into  the  substance  of  the  body, 
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It  may  be  absorbed,  in  whicli  case  the  substance,  not  sonding  any  light 
to  the  eye,  appears  completeiy  black,  or  is,  rather,  totally  invisible, 
except  by  contrast  with  some  other  body  placed  behind  it ;  or  the 
lijfbt  may  be  transmitted,  in  n'hjch  case  the  body  is  said  to  be  trans- 
parent,  as  the  light  may  arrive  at  the  eye  after  ptissing  through  tlie 
substance.  Bodies  which  do  not  transmit  liffht  ore  said  to  be  opaque  ^ 
bat  there  are  two  kinds  of  opacity,  that  of  blackness,  where  the  light 
which  falls  upon  the  object  is  totally  lost  by  being  absorbed,  and  that 
of  whiteness,  where  the  light  is  reflected,  and  we  can  see  the  object 
itself,  though  we  cannot  see  anything  through  it.  Where,  in  an 
opaque  body,  the  light  is  partly  reflected  to  the  eye  and  partly  ab- 
sorbed, there  arises  the  diversity  of  colours  which  opaque  bodies 
may  possess. 

When  the  ray  of  light  is  neither  totally  reflected  from  the  stirface 
nor  lost  within  the  substance  of  the  body,  but  passes  through  it,  it 
is  refracted  ;  that  is,  its  direction  is  changed  ;  and  if  its  path  be  rep- 
resented by  a  line,  it  is  broken  at  the  surface  of  the  medium,  and 
heoce  tlie  name.  It  is  thus  that  an  oar,  partly  immersed  in  water, 
appears  broken  at  the  surface.  Any  substance  through  which  light 
is  moving  is  termed  a  medium,  and  the  refraction  occurs  at  the  lim- 
iting surface  of  the  two  media,  as  air  and  water,  air  and  glass,  though 
not  to  the  same  degree  as'  if  the  Hght  had  passed  into  the  most  re- 
fractive medium  directly  from  an  empty  space.  This  refractive 
power  is  of  importance  as  a  characteristic  property  of  bodies,  but 
to  the  chemist  it  is  specially  of  use  in  the  study  of  crystallized  bodies; 
and  if  is  hence  witli  reference  to  the  principles  of  the  molecular 
structure  of  those  substances  already  noticed,  that  the  refraction 
of  white  light  shaU  be  examined. 

This  reflection,  absorption,  or  transmission  of  the  luminous  rays 
which  fall  upon  the  surface  of  a  body  is,  however,  in  no  case  abso- 
lute and  simple.  All  bodies  reflect  some  light,  and  there  are  none 
which  allow  light  to  pass  through  them  without  its  undergoing  some 
absorption.  In  general,  Sight  incident  upon  a  body  is  divided  into 
three  unequal  parts,  of  which  one  is  reflected,  another  absorbed,  and 
the  third  transmitted,  and  the  nature  of  the  body  determines  which 
attion  shall  be  most  powerful. 

In  uncry stall ized  bodies,  a  ray  of  light,  in  passing  from  a  rarer 
to  a  denser  medium,  is  generally  bent  towards  a  line  perpendicular 
to  the  surface  of  the  medium,  and  in  passing  from  a  denser  to  a  rarer^ 
medium,  the  refraction  is  from  the  perpendicular.  In  this  case,  the' 
law  of  refraction  is  such  that  the  sines  of  the  angles  of  incidence 
and  refraction  are  to  each  other  in  a  constant  proportion,  no  matter 
how  the  direction  of  the  incident  ray  may  change,  and  the  number 
.  which  expresses  this  ratio  is  called  the  index  of  refraction. 

The  velocity  with  which  light  is  transmitted  is  exceedingly  great ; 
the  light  of  the  sun  arrives  at  the  earth  in  eight  minutes,  being  at 
the  rate  of  195,000  miles  in  a  second.  This,  however,  is  but  the 
mean  velocity  of  the  coloured  lights  which  a  soLtr  ray  contains,  for 
these  differ  in  velocity,  those  which  are  least  refrangible  being  trans- 
mitted with  the  greatest  quickness.  The  velocity  of  light  is  changed 
when  it  passes  from  one  substance  to  another,  and  it  is  this  change 
m  which  originates  refraction.  In  general,  the  denser  the  medium. 
£ 
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the  more  is  the  velocity  diminished ;  and  it  was  hy  the  experimental 
proof  of  this  that  one  of  the  most  triumphant  testimonies  in  favour 
of  the  undulatory  theory  of  light  was  found. 

The  refractive  power  of  a  body  is  not  connected  with  its  chemical 
constitution  in  any  positive  manner;  but  inflammable  substnnces 
are  generally  possessed  of  high  refractive  powers.  It  was  this 
which  led  Newton  to  the  celebrated  prophecy  that  the  diamond 
should  be  combustible,  and  that  water  should  possess  nn  inflammable 
constituent ;  but  many  bodies  of  high  refracting  powers  are  not  at 
all  combustible. 

The  reftaating  power,  as  measured  by  the  refractive  index,  is  given  for  some  oi 

■' — '--'-'-  •-'=--  -n  the  following  table  t 

"'•"  Garnet       .        .        .  1  815 


Octohedrite     . 

.  S-500 

Oil  of  cassia 

.  1-614 

Diamoad 

Plate  glass 

.  1-S43 

Nitiala  of  lead 

'.  S  322 

Oil  of  turpentine 

.  1475 

Phosplioras     .        . 

.  S-334 

Waier 

Sulphur  .        .        . 

.  3148 

Chlorine    . 

.  1'000773 

Flint  glass,  from      . 

.  20W 

.   1000394 

.  1  830 

Vacuum     . 

.  i-ocfljooo 

In  uncrystallized  bodies,  the  molecular  arrangement  being  irreg- 
ular and  indefinite,  the  action  upon  light  is  the  same  in  every  direc- 
tion, and  hence  a  ray  of  light  undergoes,  when  passing  from  air  into 
water  or  glass,  simple  ordinary  refraction  ;  it  is  bent  out  of  its  path 
by  an  angle  which  depends  upon  the  angle  of  incidence,  by  the  law 
of  the  proportionality  of  their  sines.  In  bodies  which  crystallize 
in  the  regular  system,  where  there  are  three  precisely  simitar  axes, 
the  molecular  constitution,  although  subjected  to  definite  laws,  must 
be  the  same  in  all  directions,  and  hence  a  ray  of  light  will  be  acted 
upon,  in  such  a  crystal,  in  the  same  manner,  no  matter  in  what  di- 
rection it  may  go.  Hence,  in  crystals  of  the  regular  system,  there 
is  only  ordinary  refraction  and  a  single  image. 

When  a  ray  of  light  passes,  however,  into  a  crystal  of  the  rhom- 
hohedral  system,  it  Js  differently  acted  upon,  according  to  the  part 
of  the  crystal  it  passes  through.  If  it  pass  along  the  principal  axis, 
it  is  equally  related  on  all  sides  to  the  crystalline  forces,  and  hence, 
as  in  the  crystals  of  the  regular  system,  there  is  only  a  single  re- 
fracted ray.  But  if  the  light  pass  in  any  other  direction,  it  is  divi- 
ded into  two  portions,  one  of  which  is  refracted  according  to  the 
ordinary  law  of  the  sines,  while  the  other,  following  a  totally  new 
law,  is  termed  the  extraordinary  ray.  The  angle  which  these  two 
rays  make  with  each  other  increases  according  as  the  path  of  the 
incident  ray  is  farther  from  the  principal  ajfis  ;  and  when  the  light 
falls  perpendicular  to  the  sides  of  the  prism,  and  hence  to  the  prin- 
cipal axis,  the  divergence  of  the  two  refracted  rays  is  the  greatest 
possible.  In  the  square  prismatic  system,  the  same  peculiar  action 
upon  light  exists;  when  a  ray  of  light  passes  along  the  principal 
axis  of  the  crystal,  it  undergoes  simple  refraction  according  to  the 
ordinary  Jaw,  but  in  any  other  direction  the  ray  is  subdivided  into 
two,  of  which  one  is  refracted  in  the  ordinary  way,  and  the  othei 
tollows  a  new  and  peculiar  law. 

The  existence  of  double  refraction,  and  the  change  in  its  amount, 
according  to  thn,  direction  in  which  the  light  passes  through  the 
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ciystal,  may  easily  be  observed.  If  a  rotind  dot  be  marked  with 
ink  on  o  sheet  of  paper,  and  a  rhomb  of  caic-spar  be  laid  upon  it, 
tlie  dot  will  appear  double,  and  on  moving'  the  crystal  round,  one 
image  will  be  seen  to  revolve  round  the  other.  By  changing  the 
position  of  the  eye,  the  distance  between  the  two  images  of  the  dots 
will  be  fouitd  to  change  j  it  will  he  greatest  when  the  eye  is  in  a  line 
connecting  a  solid  angle  and  the  centre  of  the  opposite  plane  j  but 
to  efface  the  double  image  and  obtain  single  refraction,  new  sur- 
faces ivould  require  to  be  cut  perpendicular  to  the  principal  axis.  In 
a  natural  crystal  there  are,  therefore,  always  two  images  of  an  object 
seen  through  it. 

In  the  remaining  three  classes  of  crystals,  where  the  rhombic  ootohedron, 
whether  right  or  oMique,  gives  the  predominant  character  to  the  forms,  the  exist- 
ence uf  a  moleoutar  constitution,  regulated  by  the  same  cause  as  the  external  fig- 
ure, is  displayed  in  a  peculiarly  sinking  manner.  There  is  no  longer  a  single  line 
in  the  crystal,  in  which  ordinary  refraction  alone  occurs,  but  there  are  two  such 
lines,  or  axes  of  simple  refraction.  These  axes,  however,  do  not  now  coincide 
with  the  principal  crystalline  axis,  as  was  the  case  when  there  was  only  one,  but 
their  position  is  so  dependant  on  that  of  the  crystalline  axes  as  to  show  that  limy 
are  the  resultants  of  the  forces  which  emanate  from  them,  and  which  govern  all 
the  molecular  actions  of  the  crystal.  If  the  ray  of  light  does  not  pass  exactly  along 
one  or  these  axes,  hut  at  some  distance  from  it,  it  is  divided  into  two  rays;  and 
of  these  cays,  both  follow  new  and  peculiar  laws  of  refraction,  the  proportionality  of 
the  sines  being  totally  abandoned.  The  real  distinction  of  the  crystalline  systems 
is  thus  completely  proved  by  tlie  existence  of  these  remarkable  optical  properties 
by  which  they  are  characterized  ;  and  so  perfect  is  this  distinction,  that  in  cases 
where  the  externa!  foim  and  cleavage  would  lead  ns  totally  astray,  the  optical 
properties  of  the  body  may  show  us  its  true  crystalline  position.  Thus  the  mineral 
boradte  (borate  of  magnesia)  crystallizes  in  cubes,  which  are  remarkable,  how- 
ever, for  an  anomalous  replacement  of  tlie  (q>posite  solid  angles  by  triangular  planes. 
When,  however,  botacite  was  optically  examined,  it  was  found  to  possess  double 
refraction,  and  to  appear  cubical  only  from  the  accidental  circumstances  of  its  rec- 
tangular axes  being  exactly  equal  to  each  other. 

When  a  ray  of  white  light,  S,  P,  admitted  into  a  darkened  room 
through  an  aperture, 
H,  passes  into  a  re- 
fracting substance,  a, 
A,  B,  C,  whose  surfa- 

path  after  refraction 
is  parallel  to  its  ori- 
ginal course,  and  the 
ray  continues  white ; 
but  if  the  surfaces  of 
the  refracting  medium  be  not  parallel,  if  it  be  a  prism.  A,  B,  C,  the 
ray  of  white  light  is  separated  into  a  number  of  rays  of  light,  of 
different  colours  and  of  different  refrangibilities,  as  at  g ;  and  if  it 
has  been  derived  from  the  sun,  in  place  of  a  round  white  image,  P, 
there  is  formed  a  series  of  solar  images  of  different  colours,  which, 
overlapping  each  other,  produce  a  long  band,  which  is  termed  the 
prismatic  spectrum,  or  image  of  the  sun.  The  order  of  colours,  the 
same  as  that  seen  in  the  rainbow,  is,  commencing  with  the  rays  of 
greatest  refrangibility,  violet,  indigo,  blue,  green,  yeliow,  orange, 
and  red ;  the  length  of  the  spectrum,  and  the  space  occupied  by 
each  colour,  varying  with  tlie  nature  of  the  refracting  body,  ac- 
cording to  what  is  termed  its  dispersive  power.  White  light  is, 
therefore,  not  a  simple,  hut  a  highly  complex  phenomenon,  cm- 
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Bisting  of  impressions  made  simultaneously  on  the  eye  by  the 
lights  of  these  Tarious  colours.  This  may  be  verified  by  experi- 
ments of  very  simple  performance :  if  a  circular  disk  be  painted 
with  the  colours  of  the  spectrum,  in  segments  proportional  to  the 
spaces  which  each  colour  occupies  in  the  length  of  the  spectrum, 
and  then  he  made  to  revolve  rapidly  on  a  central  axis,  the  eye  loses 
the  sensation  of  the  individual  colours,  and  a  uniform  grayish- 
white  tinge  is  produced :  if  we  had  colours  as  perfect  as  those  of 
pure  solar  light,  their  reunion  would  form  pure  white,  and  this  ac- 
tually may  be  produced  by  receiving  the  spectrum  on  a  lens,  by 
which  all  the  coloured  rays  are  brought  to  bear  upon  a  single  point, 
the  focus,  where  reproduction,  of  the  original  white  light  takes  place. 
Herschel  has  recently  discovered  that  there  exists  in  the  spec- 
trum, beyond  the  limits  of  the  violet  rays,  other  rays  of  a  stii! 
higher  refrangibility,  and  of  a  colour  which  he  proposes  to  term 
lavendrer.  This  lavender  light  cannot  be  merely  a  weaker  form'  of 
Tiolet  light ;  for,  on  concentrating  it  by  means  of  a  lens,  it  remains 
still  unaltered,  and  appears  to  have  no  tendency  to  assume  a  violet 
tinge  when  it  becomes  more  intense.  If  this  proposal  be  adopted, 
there  are  then  eight  prismatic  colours ;  and  although  some  peculi- 
arity of  vision,  with  regard  to  colours,  may  cause  a  difference  of 
opinion,  yet  the  evidence  obtained  by  Herschel  of  the  real  exist- 
ence of  simple  lavender-coloured  light  appears  to  be  satisfactory. 
Of  the  seven  prismatic  colours,  there  are  four  which  cannot  be 
considered  as  simple  lights,  but  as  being  formed  by  the  mixing  of 
rays  of  two  different  colours  having  the  same  refrangibility:  these 
are  orange,  green,  indigo,  and  violet ;  the  first  being  the  mixture 
of  the  superposing  extremes  of  the  red  and  yellow,  the  second  of 
the  yellow  and  blue,  and  the  third  and  fourth  of  blue  with  red  re- 
maining in  excess.  There  are,  in  fact,  blue,  red,  and  yellow  lights 
spread  over  every  portion  of  the  spectrum ;  and  if  they  were  so  in 
equal  quantities,  the  spectrum  would  be  white,  and.  we  could  not 
have  any  decomposition  of  light  by  refraction  ;  but,  although  there 
are  blue  rays  of  every  degree  of  refrangibility,  yet  the  larger  pro- 
portion of  them  have  a  refrangibility  greater  than  those  of  any 
other  colour,  and  they  are  hence  collected  nearer  the  upper  extrem- 
ity of  the  spectrum.  A  portion  of  red  light  is  spread  also  over  the 
lyhole  surface,  but  the  majority  of  the  red  rays,  having  low  refran- 
gibility, are  thrown  to  the  opposite  extremity,  while 
the  great  proportion  of  the  yellow  rays,  having  a  mean 
refrangibility,  occupy  the  centre.  In  every  portion  of 
the  spectrum  there  is  therefore  mixed,  blue,  red,  yel- 
,  and  hence  white  light ;  but  where  these  simple 
lights  prevail,  the  colours  of  the  spectrum  are  pro- 
duced, and  where  two  are  present  in  excess  over  the 
quantities  which  form  white  light,  the  secondary  col- 
ours, orange,  green,  indigo,  and  violet,  are  formed. 
'  The  intensity  of  these  spectra  of  simple  light  in  each 
portion  of  the  prismatic  spectrum  is  represented  in 
the  figure  by  the  distance  of  the  curved  lines,  R,  Y,  B, 
from  the  ground,  M,  N.  Where  the  red  rises  beyond 
w  and  blue,  the  red  space  of  the  spectrum  is  produced; 
s  curve  of  the  yellow  light  prevails,  the  space  is  coloured 
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yellow,  and  similarly  in  the  blue ;  at  the  point  where  the  curves 
of  the  led  and  yeDow  meet,  the  tint  is  orange  ;  where  the  yellow  and 
blue  are  equal,  the  colour  produced  is  green  ;  and  where  the  red  and 
blue  are  both  in  excess  over  the  intermediate  yellow,  there  is  violet. 
This  view  of  the  constitution  of  the  solar  spectrum,  leading  to 
the  reraaikable  and  unexpected  consequence  that  there  may  be 
white  light  unalterable  by  the  prism,  its  coloured  rays  liaving  all  the 
same  degree  of  refrangibility,  was  obtained  by  Brewster,  by  means 
of  the  absorbing  power  of  coloured  bodies.  If  a  ray  of  white  light 
be  incident  upon  a  glass  coloured  red  by  suboxide  of  copper,  it  is 
decomposed  in  passing  through  it,  the  yellow  aad  blue  lights  being 
intercepted  or  absorbed,  and  the  red  rays  alone  being  transmitted. 
A  glass  does  not  possess  this  property  of  absorbing  certain  kinds 
of  light,  because  it  is  coloured;  but  it  appears  coloured  to  our  vi- 
sion, because  it  acts  so  upon  white  light.  The  colours  so  given  to 
glass  are  of  great  importance,  from  the  use  which  is  made  of  them 
for  ornamental  purposes  in  the  arts ;  but  they  afford  also  to  the 
chemist  one  of  the  most  delicate  and  most  certain  means  of  detect- 
ing many  metallic  substances,  thus: 

Cobalt  is  known  by  colouring  glass  blue. 
Nickel           "             _"  "  orange. 
Chrome  and  vanadium  "  green. 
Copper         "             "  "  green  or  red. 
Iron              "             "  "  yellow  or  green- 
Manganese                "  "  purple. 
Silver           "             "  "  yellow  or  orange. 
Gold             "             "  ■' 


And  these  are  not  the  only  cases  in  which  colours  are  produced. 

The  colours  of  chemical  compounds  are  so  varied,  that  there 
cannot  be  laid  down  any  principle  by  which  they  could  be  arranged : 
thus,  lead  forms  with  other  simple  bodies  compounds  which  are 
brown,  or  red,  or  yellow,  or  white ;  mercury  has  a  still  greater 
range.  There  are,  however,  certain  general  facts  worth  bearing  in 
mind,  in  which  classes  of  bodies,  to  a  certain  extent,  are  character- 
ized, by  colour :  thus,  the  ordinary  compounds  of  copper  are  us" 
ally  green  or  blue  ;  fliose  of  nickel,  green;  those  of  cobalt,  ^.iiic 
or  blue;  those  of  chrome,  green  or  purple,  A  singular  property 
of  certain  bodies  consists  in  what  is  termed  dicknism,  that  is,  when 
seen  W  light  which  has  passed  in  different  directions,  they  appear 
of  different  colours,  which  are  often  complementary,  or  such  as, 
when  mixed  together,  would  form  white  light.  This  dichroism  oc- 
curs only  in  crystals  which  refract  doubly,  and  in  which  the  a' 
tion  takes  place  unequally  along  the  two  refracted  rays. 

The  colours  of  natural  bodies,  seen  by  transmitted  light,  i 
thus  upon  the  analysis  which  they  effect  of  the  light  incident  upon 
them,  and  of  which  they  absorb  one  portion  and  transmit  another 
Where  the  object  is  seen  by  reflected  light,  its  colour  is  generally 
different  from  that  given  by  transmitted  light,  for  it  frequently  re- 
flects, in  considerable  quantity,  the  light  which  it  does  not  transmit 
Thus,  solution  of  litmus,  when  seen  by  transmitted  light,  is  of  a 
rich  reddish  purple,  but,  seen  by  reflected  light,  of  a  fine,  pure  blue. 
In  general,  a  portion  of  the  light  is  reflected  from  the  second  sut- 
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face,  tinged  like  the  transmitted  portion,  wliich,  mixing  with  that 
properly  reflected  at  the  first  surface,  modifies  its  colour.  The 
transmitted  and  reflected  lights  are  sometimes  truly  complementa- 
ry; thus,  sea-water,  seen  by  reflection,  is  of  a  fine  green,  hut  the 
light  which  it  transmits  is  pink. 

When  a  ray  of  light  is  reflected  from  any  surface  at  a  particular 
angle,  which  is  for  glass  56°  45',  and  for  water  53^  11',  it  acquires 
peculiar  properties  which  it  had  not  previously  possessed,  and  is 
said  to  be  polarized.  If  the  ray  be  then  made  to  fall  upon  a  sec- 
ond reflecting  surface,  the  effect  varies  according  to  the  position 
of  the  plane  of  the  second  reflected  rtfy.  The  reflection,  if  it  be 
in  the  same  plane  as  the  first,  is  complete  ;  but  if  it  be  at  right  an- 
gles to  the  first,  there  is  no  light  reflected :  in  intermediate  positions, 
the  quantity  of  light  reflected  varies  according  to  the  angle  which 
the  second  makes  with  the  original  plane.  Light  is  thus  said  to  be 
polarized  by  reflection.  In  all  cases  of  reflection  there  is  some  of 
the  light  thus  modified ;  for,  although  the  angles  above  mentioned 
are  those  at  which  alone  the  polarization  is  complete,  ai  ail  other 
angles  the  light  reflected  is  partially  polarized  in  a  decree,  accord- 
ing to  its  deviation  on  either  side  from  the  proper  angles. 

Polarization  may  be  effected  hy  various  other  means,  as  by  re- 
fraction or  absorption.  Even  in  ordinary  refraction  some  of  the 
light  transmitted  is  polarized,  hut  Jt  is  mixed  with  so  much  ordina- 
ry light  that  its  properties  are  obscured :  however,  if  the  same 
quantity  of  light  be  refracted  often,  it  may  be  polarized  completely  j 
and  hence,  transmitting  a  ray  of  ordinary  light,  at  a  certain  angle, 
through  a  pile  of  parallel  glass  plates,  is  a  usual  mode  of  polari- 
zing it.  In  double  refraction,  the  polarization,  of  the  refracted  light 
is  perfect,  and  the  two  emergent  raya  are  found  to  be  polarized  in 
planes  at  right  angles  to  each  other.  If  these  proceed  together  to 
the  eye,  they  mix  again,  and  thus  recoinpose  the  original  ray  of 
common  light ;  but  by  contrivances,  such  as  in  Nichol's  prism,  one 
may  be  turned  aside  or  absorbed,  and  then  the  other  used.  In  po- 
larizing light  by  absorption,  the  mineral  tourmaline  is  generally 
used ;  this  is  a  doubly  refracting  substance,  of  such  a  nature  that 
it  absorbs  completely  one  refracted  ray  and  transmits  the  other.  It 
therefore  gives  only  a  single  image  of  any  object,  but  this  image 
is  formed  by  light  completely  polarized.  If  two  pieces  of  tourma- 
line he  laid  together,  and  the  direction  of  their  crystalline  axes 
be  the  same  in  both,  they  act  similarly  upon  the  light,  and,  the  same 
polarized  ray  being  transmitted  by  both,  the  brightness  of  the  im- 
age is  almost  the  same  with  the  two  as  with  only  one  ;  hut  if  they 
be  placed  with  their  crystalline  axes  at  right  angles  to  each  other, 
the  ray  that  is  transmitted  by  the  first  is  absorbed  by  the  second, 
and  no  light  can  pass.  If  a  ray  of  light  he  polarized  by  reflection 
or  refraction,  it  is  known  that  the  polarization  has  been  complete 
when  the  ray  is  totally  absorbed  by  a  tourmaline, -the  axis  of  which 
is  perpendicular  to  the  plane  of  polarization  of  the  ray. 

when  a  ray  of  light  so  polarized  passes  through  a  doubly  refracting  substance,  it 
ondergoes  double  refVaction  like  a  beam  of  ordinarj  light,  being  divided  into  two 
rays,  polariEed.  in  two  new  planes  at  right  angles  to  each  other ;  and  when  thssa 
two  raya  are  received  upon  another  polarizing  instrument,  they  are  each  divided 
into  two  liortrona,  again  at  right  angles,  which  unite,  as  the  planes  of  polarization 
c&ineidetwo  and  two,  and  by  their  union  produce  some  of  the  roost  beautiful  phe- 
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iniinena  in  optics ;  for  as,  in  the  doubly  refracling  substance  through  which  tiie  ray 
has  passed,  the  two  portions  moTB  with  ilitferent  yelocitiea  acconlingto  the  refract- 
ive indices  of  the  body,  one  issues  in  advance  of  the  other  by  a  certain  distance, 
and  according  to  this  distance,  which  depends  on  the  diiference  between  the  two 
refractive  indices  of  the  body,  a  aeries  of  colours  is  produced  the  most  gorgeouB 
that  can  be  imagined,  for  every  little  difference  of  thickness  a  different  colour  is 
shown ;  with  the  same  thickness  the  colour  passes  through  all  the  prismatic  tinta, 
according  as  the  plane  of  polarization  of  the  ray  of  light  is  altered,  and  thus  the  a'>- 
tion  exercised  upon  the  ray  by  the  doubly  refracting  substance,  shows  itself  iiv  a 
manner  equally  beautiful  and  strange. 

I'he  apparatus  used,  in  so  employing  polarized  light  to  exhibit  these  properties  of 
bodies,  consists  in,  lirst,  a  means  of  polarizing  the  ray,  which  may  be  any  of  those 
before  described,  W  which  is  genendly  a  flat  plate  of  obsidian  or  blackened  glass, 
by  which  a  polarized  reflected  ray  is  given.  The  substance  to  be  examined  is  sup- 
ported  upon  a  frame,  in  a  plane  perpendicular  to  the  direction  of  the  ray;  or,  if  it  be 
fluid,  a  glass  tube  is  hlled  wiUi  it,  and,  being  closed  by  plates  of  glass  with  oaralld 
surfaces,  it  is  so  placed  that  the  ray  shall  pass  along  the  axis  of  the  tube.  The  ray, 
after  emergence,  is  examined  in  order  to  detect  the  modifications  which  it  has  nn- 
dergone,  by  an  apparatus  termed  the  analyzing  piece,  wliich  may  be,  whore  two 
images  are  requii-ed,  a  doubly  refracting  prism,  or,  where  only  one,  the  Michol's 
prism,  a  doubly  refracting  prism  in  which  one  image  is  destroyed  ;  a  tourmalhia 
might  also  be  used,  but  the  brown  or  olive  colour  which  tourmalines  possess  would 
depnve  the  phenomenon  to  be  observed  of  much  of  the  interest  it  derives  from  the 
beautiful  diq>lay  of  colours 

In  nothmg  is  the  action  of  potanzed  light  so  interesting  as  in  the  evidence  which 
It  gives  of  the  internal  constitution  of  crystals 
of  the  different  systems  that  have  been  descri- 
bed ;  for  the  real  difference  of  molecular  ar- 
rangement in  crystals  belonging  to  these  vailons 
'.ems,  is  rendered  still  more  remarkably  dis- 
t  by  the  action  wliich  they  exercise  upon 
lig^t  in  this  peculiar  state  of  plane  polarization. 
.  If  a  ray  of  polarized  light  pass  aiong  the  prinoi- 
(I' pal  axis  of  a  crystal  belonging  to  the  rhombo- 
hedral  or  to  the  square  prismatic  system,  and 
on  issuing  be  examined  by  means  of  an  analy- 
zing plate,  tlie  axis  of  the  crystal  is  seen  to  be 
surrounded  by  a  series  of  beautifully  rainbow- 
coloured  rings,  the  centre  being  occupied  either 
by  a  cross  which  is  alternately  black  and  white, 
according  as  the  analyzing  plate  revolves,  ae 
with  calc  spir  fig  a  or  a  circular  space  which  is  occupied  successively  by  a  series 
uf  colours  s  mi  ar  M  those  which  form  the  rings,  as  in  quartz. 

If  the  crystal  belong  to  any  of  the  more  complex  w^stems  and  its  opt>al  axea 
be  not  much  mclmed  to  one  anoti  ci  ihere  wdl 
be  seen  on  transmitting  a  ray  of  polarized  hght 
along  the  cry  stalhne 
axis  intermediate  to  the 
two,  a  double  -iystem 
of  rings  whicli  uniting 
form  a  veiy  beautiful 
curved  ligur''  suuh  as 
is  represented  in  figure  i 
b,  which  IS  the  phenon 
;,enon  as  seen  with  n 
tre.  The  curves  ai 
crossed  by  two  haids  ' 
black  or  white  acf  id  ' 
ing  as  the  analyzing  ^ 
plate  revolves  but 
which  when  the  crys- 
tal is  turned  round  a 
its  principal  axis  ope 
out,  revohmg  ea<h  ( 
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^    ir  system. 
3.  Rhombohedral  system 

3.  Square  prismatic  system   . 

4.  Ri^ht  prismatic  system 

5.  Oblique  prismatic  system  . 

6.  Doubly  oblique  prismatic  system ) 
Wjien  ciystals  form  in  a  crowded  oi 


bend  with  the  convexity  towards  the  centre  of  the  figure.  In  substances,  as  topai 
and  carbonate  of  soda,  where  the  axes  make  a  large  angle  with  eacli  other,  tbt 
complete  system  of  rings  cannot  be  at  once  seen,  and  only  one  half,  or  the  portioi. 
round  one  axis,  as  in  tlie  case  of  topaz  in  figure  c,  is  visible  in  one  direction. 
Ilie  angle  of  the  axes  in  topasis  1S''30',  but  in  other  cases  it  may  be  mncli  greater; 
thus  with  green  sulphate  of  iron  they  are  at  right  angles  with  each  other. 

The  physical  production  of  these  beautiftd  phenomena  involves  optical  principlea 
too  recondite  to  be  here  Introduced.  It  is,  for  the  purposes  of  the  cliemist,  safficieni 
to  say  that  they  arise  from  the  mutual  action  of  the  two  rays,  which  are  produced 
by  t^e  double  refraction  of  the  crystal  j  and  hence,  if  there  he  not  double  refraction, 
there  can  be  no  colours  produced.  With  crystals  of  the  regular  system  there  ia 
consequently  no  such  result,  and  hence  such  crystals  are  recognised  by  the  com 
plete  absence  of  coloured  rings. 

The  optical  properties  of  the  different  systems  of  crystallization  may  be  thus 
summed  up, 

"       ■  Single  refraction.     Noringsby  polarized  light 

!  Double  refraction  J  Simple  system  ul'  rings  bj 
S  with  one  axis.  J  polarized  light. 
I  Double  reflection  J  Double  system  of  rings  by 
with  two  axes,  j  polarized  light, 
ir  confused  manner,  it  frequently  happens  that 
e  their  surfaces  modified  in  a  complicated  way,  but  that  several  crya- 
tals  become  soldered  together  so  completely  as  to  simulate  a  single  form,  which 
does  not  belong  to  the  substance  of  which  the  crystal  is  composed.  Thesecrystals 
are  called  macUs,  or  twin  or  hemitrope  crystals.  Some  bodies  have  a  remarkable 
tendency  to  crystallize  in  this  way  ;  thus,  sulphate  of  potash  had  been  long  consid- 
ered as  crystallizing  in  aix-aided  prisms,  terminated  by  six-sided  pyramids ;  and 
such  crystals  of  it  occur  with  almost  exactly  the  proportions  of  the  rhombohedral 
system ;  but  by  optical  examination,  this  ligure  was  fonud  to  be  composed  of  three 
nr  oIt  nf  iho  trnc  i.iTotaiB  mhipii  are  right  rhomblc  prisms  of  the  fourth  system. 
'  y  their  angles  exactly  joining,  a  six-sided  prism ; 

'hen  tested  by  polarized  light,  they  show,  in  place 
'  !  system  of  rings  which  a  true  crystal  should  pro- 

the  tesselated  structure  of  the  figure.  In  many 
.  the  agglutination  of  the  crystals  is  less  complete, 
rregular  figures,  with  the  sides  channelled  by  the 
'feet  joints,  are  found.  A  substance  which  il- 
lies  remarkably  this  tendency  to  the  macled  form 
I  mineral  analcime,  which  is  termed  also  cubizite, 
its  forms  belonging  most  perfectly,  so  far  as  ex- 
1  characters  go,  to  the  regular  system.  It  has, 
ver,  no  distinct  cleavage  plaices,  and  refracts 
y  of  polarized  light,  the  cube  of  analcime  gives  a 
ost  beautiful  appearance.  The  diagonals  of  each 
irfece  become  occupied  by  lines,  TOhich  are  alter- 
itely  black  and  white,  according  as  the  analyzer 
made  to  revolve,  and  in  the  intervening  triangu- 
r  spaces  the  richest  colours  of  the  rainbow  sue 
!ed  one  another,  according  to  4he  optical  laws, 
his  crystal  is  therefore  made  up  of  a  great  number 
'  other  crystals  belonging  to  some  one  of  tlie 
ore  complex  systems ;  but  its  structure  is  so  ex- 
aordinary,  that  the  determination  of  the  form  oif 
s  real  crystal  has  been  as  yet  impos.'iible  In 
is  instance,  and  in  that  of  boracite  alrep  .y  no- 
sed, the  optical  properties  have  been  thu  means 
of  showing  the  true  nature  of  bodies  which,  from  their  external  form,  should  oth- 
erwise have  been  ranked  among  those  which  crystallize  m  the  forms  of  the  regular 
system. 

It  has  been  noticed  as  a  general  character  of  the  cirstals  of  the  rhomboh*1ral 
and  square  pnsmatle  systems,  that  by  the  analysis  of  a  beam  of  polarized  light 
transmitted  along  the  principal  axis,  there  is  seen  a  system  of  coloured  rmgs  trav- 
ersed  by  a  cross,  alternately  black  and  white,  as  the  analyzing  plate  revolves,  but 
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farther,  that  in  the  case  of  quartz  the  cross  is  not  produced,  the  central  apace  being 
occupied  in  succession  by  all  the  prismatic  colours.  Even  in  quartz  there  have 
been  found  two  modifications  of  this  property ;  with  one,  the  analyzing  plate  must 
be  turned  from  right  Co  left,  to  obtain  the  spectral  colours  from  red  to  violet ;  but 
with  the  other,  the  rotation  must  be  in  the  opposite  direction,  to  eIiow  them  in  the 
same  order.  The  molecules  of  the  quartz  eause  these  colours  to  appear  along  the 
axis  by  turning  the  plane  of  polarisation  of  each  colour  round  in  a  different  degree, 
and  thus  opening  out  into  a  Ian  shape  those  combined  lights,  which  had  previously 
affected  the  eye  only  as  white  or  blactt.  This  faculty  does  not  depend  upon  the 
manner  of  arrangement  of  tlie  particles  of  the  quartz ;  it  involves  the  chemical  na 
ture  of  the  molecules ;  and,  although  some  observations  appeared  to  connect  it  with 
.  the  crystalline  structure,  it  is  now  fully  established  to  be  independent  of  it.  In 
fact,  this  property  of  circ-alar  pokriiaJton,  as  it  is  termed,  belongs  to  certain  bodies, 
mdependent  of  their  arrangement,  and  even  in  many  cases  accompanies  tbem  whe>. 
they  enter  into  combination.  It  is  even  found  in  liquids,  particularly  the  volatilii 
oils ;  and  when  oil  of  turpentine  is  converted  into  vapour,  its  molecules  preserve 
unaffected  their  rotative  power.  Its  existence  is,  howpver,  subjected  to  remarka- 
ble anomalies ;  thus,  when  oil  of  turpentine  combines  with  muriatic  acid  and  forms 
artilicial  camphor,  it  retains  its  power  of  rotation ;  but  when  the  artificial  camphor 
is  decomposed  and  the  oil  of  turpentine  got  back  again,  its  power  of  changing  the 
plane  of  polarization  of  the  ray  of  light  has  totally  disappeared, 

(These  phenomena  of  circular  polarization  may  be  readily  traced.  If  from  a 
crjrstal  of  quartz  a  disk  is  out  transversely,  a  system  of  rings  will  be  seen  enclosing 
a  circular  coloured  space.  If  the  disk  be  turned  round,  no  change  takes  place ;  but 
if  the  analyzing  plate  turns,  the  colour  passes  through  a  series  of  tints,  which,  after 
100°  of  rotation,  may  end  in  a  sombre  violet.  If,  now,  we  cut  from  the  same  crys- 
tal another  disk  twice  the  thickness  of  the  farmer,  and  make  use  of  it,  we  shall  find 
the  tint  different  from  what  it  last  was ;  but,  by  turning  the  analyzing  plate  100°, 
we  may  bring  it  back  again  to  the  same  sombre  violet :  with  a  plate  three  times 
as  thick,  we  should  have  to  turn  100°  stdl  farther  to  produce  the  same  tint,  and  for 
each  additional  thickness  an  additional  100°.  We  tlierefore  infer  that,  when  polar- 
izeA  light  passes  along  the  axis  of  a  crystal  of  quartz,  its  planes  of  polarization  ro- 
tate circularly,  or,  rather,  spirally,  in  the  crystal ;  and  this  takes  place  In  some  spe- 
cimens from  right  to  leii,  and  in  others  from  left  to  right.  Under  these  circum- 
stances, light  is  said  to  undergo  circular  polarization.] 

In  cases,  therefore,  wherebodies  exh^)it  this  action  upon  light,  their  power  of 
-OtatJon  becomes  an  important  numerical  fact  in  their  descriptions,  and  it  may  be 
.neasured  by  the  angle  tlirough  wliich  a  eerlain  thickness  of  the  body  is  capable  of 
-■noving  the  plane  of  polarization  of  a  ray  of  homogeneous  light,  such  as  the  pure 
red  given  by  glass  coloured  by  sub-oxide  of  copper.  It  may  also  be  expressed, 
when  white  light  i^  used,  by  the  angle  at  which  the  pure  violet  is  produced,  and  the 
direction  of  rotation  is  expressed  by  an  arrow  turned  either  to  the  right  or  left,  ac- 
cording as  it  is  necessary  to  make  the  anaiyzing  crystal  revolve  to  the  one  or  the 
other  side.  Thus,  the  rotativo  power  of  oil  of  turpentine,  contained  in  a  tube  six 
inches  long,  is  fur  red  light  iS"* — oc,  and  of  oil  of  lemons,  in  the  same  length, 
84°5B»— *-.  The  rotative  power  of  quartz  is  about  es-6  times  greater  than  that  of 
oil  of  turpentine.  This  property  is  beautifully  applied  to  trace  the  changes  which 
occur  during  the  saccharine  fermentation :  a  solution  of  starch  possesses  a  high 
^ — >- power;  but  it  gradually  changes  into  the  sugar  of  grapes,  the  rotative  power 
of  which  is  .< — <fi:.  Hence  the  action  of  the  starch,  when  fermentation  has  com- 
menced, rapidly  diminishes,  until  there  is  so  much  sugar  fornied  tliat  the  <bi — *■  and 
-« — ■«  exactly  balance,  and  the  solution  is  totally  wiUiout  action  upon  a  polarized 
ray ;  after  that,  the  quantity  of  sugar  stili  increasing,  the  rotation  becomes  < — w, 
and  increases  until  all  the  starch  has  been  decomposed.  With  such  a.  solution, 
knowing  the  Eotalquantityof  starch  originally  dissolved,  the  measure  of  its  rotative 
power  enables  thequantityofsugar  present  to  he  at  once  calculated.  The  juices  of 
plants  which  contain  sugar,  as  the  beet-root,  the  maple,  the  sugar-cane,  may  be  ex- 
actly valued  by  a  simple  determination  of  their  rotative  power  compared  with  their 
epecific  gravities.  This  property  of  the  circular  polarization  of  a  ray  of  liglit,  which 
at  the  nrst  aspect  might  appear  so  fir  removed  fmm  proper  chemical  inquiry 
or  useful  application,  becomes  thus  an  instrument  from  which  the  distiller  or  sugar- 
boiler  may  every  day  derive  advantage ;  and  when  we  come  to  discuss  the  means 
by  which  we  endeavour  to  learn  the  internal  constitution  of  bodies  produced  by 
nheraical  affinity,  we  shall  find  that  the  light  which  ordinary  polariiution  throws  upon 
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the  internal  meelianical  structure  of  the  urysJ.al  is  not  more  brilliant  tiian  tliat  which 
we  obtain  of  the  arrangement  of  the  chemical  constituents  bj  their  circularly  po- 
larizing power. 

Some  specimens  of  quartz  appear  destitute  of  this  rotative  power :  the  purple 
quartz,  sniethj'st,  is  generally  so,  and  givea  with  polarized  light  the  ordinary  hlack 
cross.  But  these  peculiarities  of  quartz  are  related  to  their  crystalline  arrangement. 
Thus,  in  those  specimens  wliich  possess  rotative  power,  the  solid  angles  of  the  p;yr- 
amid  {k,  jiage  SS)  are  generally  replaced  by  planes  which  are  unequally  inclined  to 
the  oxes ;  and  where  these  planes  are  present,  the  direction  of  the  rotation  can  be 
Toretold,  it  being  to  the  right  or  to  the  left,  accoiijing  as  these  unsymmetrical  faces 
me  inclined.  Such  crystals  are  termed  plagikedrai  j  as  in  the  cases  where  no  such 
faces  can  be  traced,  the  rotative  power  is  generally  absent,  and  this  arises,  as  is  re- 
markably evident  in  amethyst,  from  the  crystal  being  formed  of  separate  crystals 
rolled  up  together ;  and  as  these  may  possess  opposite  rotations,  and  so  neutralize 
each  other,  the  action  on  light  should  be  like  that  of  calcareous  spar,  which  baa  no 
rotative  power.  Such  crysWls  are  truly  macles ;  and  hence  the  circular  polarization 
may  show  a  £till  more  intimate  crystalline  anangement  than  could  be  detected  by 
light  in  its  ordinary  polarized  condition. 

With  such  an  example,  it  was  not  difficult  to  conclude  that  the  power  of  rotation 
depended  on  the  crystalline  airangement,  particularly  as  quartz,  in  all  its  uncrys- 
tallized  conditions,  is  devoid  of  all  rotarive  power ;  and,  accordingly,  until  the  dis- 
covery of  the  power  of  rotation  in  liquids,  and  that  this  property  was  found  to  ac- 
company tlie  molecules  of  the  body  through  all  states  of  aggregation,  it  was  con- 
sidered to  have  its  origin  in  the  mechanical  structure  of  the  body ;  but  we  must  now 
invert  the  argument,  and  infer  that  the  difference  of  rotative  power  in  right-handed 
and  left-hanifid  quartz  does  not  result  from  the  difference  of  crystalline  arrangement, 
but  that  this  last  is  caused  by  actual  difference  of  ]>roperties  in  the  molecules  them- 
selves, of  which  the  most  remarkable  is  detected  by  the  opposite  actions  upon  light. 

The  inipiression  of  light  was  at  one  time  considered  to  be  produ- 
ced by  a  series  of  exceedingly  minute  particles,  of  a  peculiai'  sub- 
stance, emanating  from  the  sun  and  from  burning  or  luminous  bodies, 
and  which  strike  upon  the  eye.  This  idea  has  been,  however,  now 
almost  totally  abandoned,  and  all  the  phenomena  are  considered  to 
arise  from  the  vibrations  of  an  exceedingly  attenuated  medium, 
thrown  into  waves  by  luminous  bodies  of  every  kind,  and  which,  fill- 
ing all  space,  and  being  diffused  through  the  substance  of  the  most 
solid  bodies,  and  occupying  the  spaces  between  their  more  substan- 
tial molecules,  transmits  and  modifies  these  vibrations,  and  confers 
upon,  substances  transparency  or  opacity,  colour,  andall  other  proper- 
ties of  acting  upon  light  which  they  may  possess. 

This  medium,  or  luminiferous  ether,  as  it  is  termed,  is  supposed 
capable  of  vibrating  in  waves  of  different  lengths,  and  from  this 
difference  in  length  of  wave  arises  the  difference  in  colour  of  the 
light  produced.  The  shortest  wave  produces  violet,  the  most  re- 
frangible light ;  the  longest  wave,  red,  the  least  refrangible  light : 
the  length  of  the  wave  being  in  all  cases  inversely  proportional  to 
the  refrangibility  of  the  light.  The  impression  of  the  different  col- 
onrs  arises,  therefore,  precisely  as  the  impression  of  different  sounds 
is  produced,  by  a  difference  in  the  length  of  the  waves  in  the  vibra- 
ting air ;  the  shortest  wave,  in  sounds  giving  the  highest  note  and 
in  light  giving  the  violet  colour  The  actual  length  of  these  waves 
of  hght  is  extremely  small ;  for  violet  light  there  are  57-490  in  an 
inch;  for  red,  39-180;  the  average  of  the  different  colours  being 
50-000  ;  and  hence,  in  white  light,  there  acts  upon  the  eye  in  every 
second  610-000000-000000  luminiferous  vibrations. 

In  the  case  of  doubly  refracting  crystals  with  one  axis,  that  is, 
'JioseTDelonging  to  the  rhombohedral  and  the  square  prismatic  sys- 
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tern,  the  elasticity  of  the  ether  is  supposed  to  be  so  far  modified 
by  the  arrangement  of  the  molecules  of  the  body,  that  the  velocity 
of  propagation,  of  the  waves  is  more  rapid  in  one  direction  than  in 
Qttothei  at  right  angles  to  it,  and  hence  there  are  two  refracted  rays. 
In  the  three  systems,  the  crystals  of  which  have  double  refraction 
with  two  axes,  the  elasticity  of  the  ether  is  supposed  to  be  difler- 
ent  in  each  of  three  perpendicular  directions,  and  hence  neither 
refracted  ray  can  follow  the  ordinary  law.  It  is  thus,  as  has  been 
already  stated,  that  the  classification  of  all  crystallized  bodies  in 
these  systems  is  shoivn,  not  to  be  an  arbitrary  assumption,  but  a 
principle  based  upon  our  most  decisive  evidence  of  molecular  ar 
range  m  ent. 

The  rays  of  light  derive  some  of  their  most  remarkable  proper 
ties  from  the  principle  that  the  vibrations  are  accomplished  in  a 
direction  perpendicular  to  the  direction  of  the  rays.  Thus,  if  we 
conceive  a  ray  of  light  moving  from  north  to  south,  the  little  vi- 
brations which  constitute  it  are  effected  in  a  direction  east  or  west, 
and  in  every  other  direction  equally  perpendicular  to  its  path  ;  and 
ordinary  light  is  characterized  by  the  fact  that  its  vibrations  are 
accomplished  in  every  imaginable  plane.  If  we  reduce  these  vi 
bratory  movements  to  a  single- plane,  the  light  becomes  polarized, 
and  is  then  in  the  condition  for  dissecting  the  interior  of  crystal- 
lized bodies,  and  exhibiting  the  beautiful  illustrations  of  their  struc- 
ture that  have  been  already  noticed.  But  it  would  lead  us  too  far 
Qway  from  our  proper  subject  to  enter  into  the  description  of  polar- 
izing apparatus,  or  even  of  its  principles,  in  detail,  as  the  indication 
just  given  of  its  nature  is  sufficient. 

Perhaps  the  most  remarkable  and  the  most  important  principle 
of  the  theory  of  waves  is,  that  two  portions  of  light  may  act  on 
each  other  so  as  to  interfere  and  produce  darkness,  though  at  an- 
other point  they  may  form  light  of  double  brilliancy.  To  effect 
this,  it  is  only  necessary  they  should  bo  in  opposite  states  of  vibra- 
tion, that  is,  while  the  waves  of  one  ray  should  be  rising  up,  those 
of  the  other  should  be  falling  down :  these  motions  then  compen- 
sate each  other,  and  the  result  is  the  same  as  if  no  vibratory  mo- 
tion had  existed,  that  is,  as  if  no  light  had  arrived  at  the  points 
where  the  rays  met.  It  is  only,  however,  when  one  of  the  simple 
coloured  lights  is  employed,  that  actual  blackness  occurs  by  the 
mutual  destruction  of  the  rays:  if  white  light.be  used,  there  is  pro- 
duced a  brilliant  series  of  prismatic  colours;  for  at  the  moment 
when  the  red  light  is  destroyed,  the  remaining  blue  and  yellow  form 
a  bright  green  ;  when  the  yellow  is  destroyed,  the  red  and  blue  pro- 
duce a  purple.  Cases  of  this  kind  of  interference  are  extremely 
common :  it  is  thus  that  the  coloured  rings  of  crystals,  and  the 
colours  of  the  soap-bubble  or  oil-film  are  produced.  The  brilliancy 
of  the  plumage  of  birds,  the  lustre  of  many  minerals,  as  of  iabrado- 
rite,  arise  from  the  interference  of  the  portions  of  light  which  after 
reflection  thus  act  on  each  other. 

Under  ordinaiy  circumstances,  light  is  always  associated  with 
heat;  the  sun,  the  source  of  warmth  to  the  surface  of  our  globe, 
being  also  the  natural  origin  of  light :  and  in  most  cases  where  light 
is  artificially  produced,  it  is  associated  ivitb  heat,  which  is  also  ca- 
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pable  of  being  transm'  ed  'n  a  ad  n  f  m.  It  was,  indeed,  once 
considered,  that  a      e       u     e    p    a  heat  became  converted 

into  light,  and  tha  1  e  colo  of  he  1  h  depended  on  the  degree 
of  heat;  a  body,  vhen  fi  s  re  le  ed  luninous  by  being  heated, 
emitting  a  du!l  red  ]  h  h  1  g  alti  lly  becomes  brighter  as  the 
temperature  rises  un  1  a  le  h  Ve  degree  of  heat  the  light 
emitted  is  pure  wb  e  and  s  n  la  c  titution  to  the  solar  ray. 
The  powers  of  en  ng  1  a  nd  of  em  ting  light  are,  however, 
although  80  frequen  iy  assoc  a  ed  qu  e  ndependent  and  distinct ; 
and  the  rays  of  hea  and  ho  of  1  h  m  y  be  perfectly  separated 
from  each  other.  It  would  an  icipate  oo  much  the  account  of  radi- 
ant heat  to  describe  the  means  of  separating  the  heating  from  the 
luminous  qualities  of  ordinary  light;  but  elsewhere  they  will  be 
described  in  full.  A  body  may  become  luminous  when  very  mod- 
erately heated,  as  is  the  case  with  many  ininerals,  as  fluor  spar 
Light  may  be  produced  also  by  the  friction  of  bodies,  as  by  rubbing 
two  pieces  of  sijgar  briskly  together,  or  by  striking  together  two 
pieces  of  quartz ;  and  iii  these  cases  it  is  difficult  to  assign  its  true 
origin,  as,  possibly,  a  minute  trace  of  the  substance  may  be  very 
intensely  heated.  There  are  also  many  bodies  which,  when  ex- 
posed to  the  light  of  the  sun  after  having  been  made  red  hot,  ap- 
pear to  absorb  a  portion  of  it,  and  become  capable  of  emitting  it 
slowly,  giving  a  pale  bluish  light  for  some  time  afterward  in  the 
dark.  This  occurs  particularly  with  chloride  of  barium,  native  sul- 
phate of  barytes,  carbonate  of  lime,  and  a  great  number  of  other 
bodies.  Such  substances  are  said  to  be  phosphorescent.  Thus  iiuor 
spar  is  rendered  so  by  heat,  sugar  and  quartz  become  so  by  friction, 
and  the  electric  spark  is  capable  of  conferring  the  phosphorescent 
property  on  a  great  variety  of  bodies. 
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iistance^  from  each  other  totally  unchanged.  Hence,  in  place  of 
referring  to  tlie  colours  of  the  spectrum  in  order  to  characterize  its 
properties,  those  lines,  of  which  the  most  remarkable  is  a  double  line 
situated  in  the  yellow  space,  are  used  as  marks.  The  light  of  the 
sun,  of  the  moon  and  planets,  as  well  as  white  light  produced  by 
oar  processes  of  combustion,  all  consist  of  the  same  elements  of 
yellow,  red,  and  blue,  and  all  are  distinguished  by  the  same  set  of 
IiDes.  In  the  light  of  some- of  tbe  fixed  stars  the  same  lines  are 
found,  as  is  the  case  with  Pollu.x ;  but  in  the  spectrum  formed  by 
rays  from  Sirius  or  from  Castor,  this  double  line  does  not  occur, 
but  is  replaced  by  one  broad  line  in  the  yellow  space,  and  two  re 
markable  dark  lines  in  the  blue.  It  is  very  curious,  thnt  if  we  ex- 
amine the  spectrum  throi^gh  certain  coloured  media,  as  the  vapours 
of  iodine  or  bromine,  we  find  additional  black  lines,  and  by  using 
gaseous  nitrous  acid  these  become  almost  innumerable,  and  in- 
crease so  much  when  the  gas  is  heated  that  the  spectrum  is  oblit- 
erated and  the  gas  becomes  opaque.  It  is  possible  that  such 
takes  place  at  the  origin  of  the  light  of  the  heavenly  bodies,  and 
that  the  sun  and  the  fixed  stars  are  involved  in  absorbing  atmo- 
spheres, which  allow  only  certain  rays  to  pass,  and  that  hence  there 
may  exist  in  nature  kinds  of  light  from  which  the  eye  of  man  is 
screened  forever  by  means  of  such  an  impervious  veil. 

Some  classes  of  chemical  substances  are,  to  a  certain  extent, 
characterized  by  the  facility  with  which  they  are  decomposed  when 
under  the  influence  of  light.  The  salts  of  silver,  of  gold,  of  plati- 
na,  and,  in  some  instances,  of  mercury,  are  subject  to  this  influence. 
A  great  variety  of  vegetable  and  animal  bodies  undergo  important 
changes  in  their  constitution  by  the  action  of  the  solar  rays,  the 
development  of ■  certain  coloiirs  requiring  the  agency  of  light,  and 
the  majority  of  colours  being  destroyed  when  its  action  js  too  great : 
hence  the  fading  of  dyes  arises.  The  power  of  light  thus  to  mod- 
ify the  affinity  by  which  chemical  combination  is  produced,  has 
been  found  to  be  exercised  specially  by  the  violet  or  more  refran- 
gible extremity  of  the  spectrum,  and  even  with  great  intensity  by 
invisible  rays  quite  outside  of  the  luminous  space,  and  extending 
beyond  the  lavender-coloured  prismatic  space  of  Herschel.  It  has 
been  also  considered  that  the  rays  of  the  red  extremity  of  the  spec- 
trum possessed  chemical  properties  of  an  inverse  kind,  and  that  the 
decomposition  produced  by  violet  light  might  be  counteracted,  and 
the  elements  brought  to  recombine  by  the  red  rays.  This  is  not 
certain.  All  that  has  been  established  is,  that  there  exist  in  solar 
light,  and  probably  in  all  light  derived  from  sources  of  combustion, 
three  distinct  sets  of  rays,  the  one  of  proper  light,  which  produces 
only  luminous  effects,  the  second  of  radiant  heat,  the  nature  of 
which  will  be  specially  examined  in  the  following  ciiapter,  and  the 
third  of  rays  which,  though  neither  luminous  nor  heating,  exercise 
an  influence  on  chemical  affinity,  and  the  nature  of  which  will  be 
discussed  with  more  detail  when  the  subject  of  chemical  affinity 
and  its  relations  to  the  other  physical  forces  has  been  described. 
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At  almost  every  step  of  chemical  inquiry  it  is  necessary  lo  in- 
troduce the  action  of  heat,  either  as  modifying:  the  results  of  the 
chemical  action  of  bodies  upon  each  other,  or  as  affording  charac- 
ters by  which  the  substances  we  operate  upon  may  be  distinguished. 
The  doctrine  of  heat  and  the  history  of  its  effects  have  consccjueBt- 
ly,  at  all  periods,  formed  an  important  portion  of  the  studies  of  the 
chemist ;  and  it  is,  indeed,  only  lately,  since  the  briUiant  coarse  ol 
discoveries  that  was  opened,  and  so  successfully  prosecuted  by 
Melloni  aad  by  Forbes,  has  identified  the  theories  of  heat  and  light, 
that  this  subject  has  been  contemplated  in  its  proper  aspect  as  e. 
physical  science,  and  its  application  and  influence  in  chemistry  have 
ceased  to  be  considered  as  making  up  the  science,  properly  so  call- 
ed, of  heat. 

Of  all  the  physical  sciences,  however,  that  of  Heat,  or  T/iermoHc:. 
lis  it  is  now  termed,  is  the  most  important  to  the  chemist  in  guiding 
him  in  his  operations,  and  in  the  accurate  description  of  their  re  salts 
On  this  account  it  will  he  necessary  to  describe  the  properties  of  hea' 
more  in  detail  than  those  of  any  other  of  the  physical  agents,  a.ni 
to  illustrate  these  properties  by  more  numerous  references  to  casea 
in  which  their  utility  in  chemistry  is  apparent.  i 

The  effects  of  heat,  by  which,  according  to  their  degrees,  bodies 
may  be  characterized,  are, 

1st.  Change  of  volume  for  a  given  change  of  temperature.  Es- 
pansion. 

2d.  Quantity  of  heat  required  to  produce  a  given  change  of  tesn 
perature.     Specific  heat. 

3d.  Temperature  necessary  for  liquefaction.     Melting  points. 

4th.  Temperature  necessary  for  giving  a  certain  elasticity  Lo  i 
vapour.     Boiling  points. 

5th.  Quantity  of  heat  required  to  produce  a  given  change  of  as- 
gregation.     Latent  heat  of  liquids  and  vapours. 

6th.  Manner  and  rapidity  of  communicating  or  receiving  h&jL 
Conduction  and  radiation  of  heat. 

The  subject  of  heat  will  therefore  be  studied  specially  under 
these  heads;  and  it  will  be  necessary  to  introduce  an  account  of 
our  mode  of  measuring  heat  and  temperature  by  the  thermometer 
and  pyrometer,  and  to  add  some  observations  on  the  physical  rela- 
tions of  heat  and  light,  and  on  the  physical  theory  of  heat. 


OF    EXPANSION. 

When  describing  the  effects  of  cohesion,  I  have  already  noticeci 
that  the  molecular  constitution  of  all  bodies  might  be  considered 


by  Google 


REPULSIVE   Power   of    heat.  47 

to  depend  on  the  relative  power  of  the  attractive  force,  ookesion, 
and  tlie  repulsive  force  of  heat,  upon  their  particles.  That  where 
the  atlraclion  was  in  excess,  the  molecules  were  knitted  firmly  to- 
gether to  form  a  solid  body;  but  that  where  repulsion  was  most  pow- 
erfui,  all  cohesion  was  lost,  and  the  body  assumed  the  form  of  a  va- 
pour or  a  gas.  In  the  intermediate  condition,  where  the  forces  ap- 
peared to  be  nearly  in  equilibrium,  the  liquid  state  was  produced, 
in  which  the  molecules  of  the  body  appeared  still  to  unite  by  a  trace 
of  remaining  cohesion,  but  that  they  moved  among  one  another 
with  perfect  ease,  and  the  slightest  external  force  might  disarrange 
them  entirely.  Now  the  change  from  one  to  the  other  of  any  two 
of  these  conditions  is  not  quite  abrupt.  If  a  cold  body  be  gradu- 
ally heated  until  it  shall  begin  to  liquefy,  its  particles  do  not  remain 
in  the  same  condition  up  to  the  momenl  when  they  separate  so  far 
as  to  change  their  state  of  aggregation ;  on  the  contrary,  from  the 
instant  that  the  substance  becomes  warm,  the  change  begins;  the 
molecules  of  the  body  gradually  separate,  occupy  more  space  than 
before,  and  from  the  very  commencement  of  the  increase  of  heat, 
the  body,  though  it  may  remain  solid,  yet  expands.  Ya  the  same 
manner,  if  a  liquid  he  heated,  the  change  of  i^gregatioa  does  not 
commence  until  the  increase  of  heat  has  reached  a  certain  degree  ; 
hut  from  the  beginning  a  change  of  volume  occurs,  the  increase  ot- 
which  marks  the  gradual  diminution  of  cohesion.  la  gases  there 
can  take  place  no  farther  change  of  form,  and  the,  only  effect  which 
heat  can  produce  upon  them  is  expansion, 

Tliis  power  of  repulsion  which  we  suppose  heat  to  exercise,  in  causing  the  tran- 
sition from  one  state  of  aggregation  to  another,  as  well  as  the  expansion  wlitcli  oc- 
curs wlOiout  change  of  form,  may  become  directly  evident  to  the  senses,  at  least 
in  a  partial  way,  in  many  cases.  Thus,  many  powders,  if  sprinkled  on  a  warm 
capsule,  or,  still  belter,  on  a  silver  plate,  are  tlu'OiiVn  into  violent  motion,  and  dissi- 
pated by  the  mutual  repulsion  of  their  particles,  independent  of  any  currents  of  air 
which  might  affect  them.  When  liquids,  particularly  alcohol  and  the  oils,  are 
brought  to  boil,  the  drops  which  are  mechanically  thrown  up  out  of  the  liquid  do 
not  mix  with  it  on  falling  back,  but  roil  about  on  the  surface,  and  appear  to  repel 
each  other,  and  to  be  repelled  by  the  hot  glass  of  the  vessel  in  a  remarkable  do. 
gree.  If  a  brass  poker,  strongly  heated,  be  allowed  to  rest  against  a  cold  iron  bar, 
or,  still  better,  if  a  rounded  bar  of  brass  be  made  very  hot  and  laid  upon  a  dat  bloch 
of  lead,  the  surface  of  the  cold  metal  becoming  heated,  repels  the  warmer  brass, 
which  instacitly  Gills  down  again,  by  its  weight  overcoming  the  repulsion,  when  the 
metal  cools.  When  the  brass  again  touches  the  metal  or  lead,  the  latter  is  again 
heated  at  the  point  of  contact,  and  again  there  is  repulsion  succeeded  by  a  new 
contact,  and  tiiese  repealed  motions  throw  the  bar  of  brass  into  a  state  of  tremulous 
agitation,  which  being  convej'ed  to  the  ear  by  the  intervening  air,  gives  a  remark- 
ably distinct  and  agreeable  musical  tone.  The  better  conductor,  the  heated  body, 
and  the  worse  conductor  (provided  both  are  metals),  the  cold  body  can  be,  the  more 
successful  is  the  result. 

This  force  of  repulsion  is  made  still  more  distinct,  and  even  measurable,  by  an 
experhnent  devised  by  Powell,  When  a  flat  and  a  convex  glass  plate  are  strongly 
pressed  ti^ether,  they  still  do  not  touch,  but  are  separated  by  an  exceedingly  thin 
space,  by  the  action  of  light  on  which  there  are  produced  coloured  rings,  like  those 
seen  on  the  surface  of  a  soap-bubble,  or  in  a  iilm  of  oil  lloating  upon  water.  Each 
colour  belongs  to  a  distinct  and  measurable  thickness  of  this  space;  and  when  such 
an  apparatus  Is  gradually  heated,  the  rings  close  in  towards  the  centre,  showing 
that  the  glass  plates  recede  from  one  another,  and  the  degree  of  repulsion  may  tw 
determined  from  the  narrowing  which  occurs  in  the  breadth  of  any  particular  co|. 
oured  ring,  according  as  the  temperature  rises. 

In  gases,  the  expanding  effect  of  heat  is  unaffected  by  any  dis- 
turbing cause ;  there  is  no  cohesion  remaining  to  impede  its  oper- 
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ation ;  hence  a  certain  increase  of  heat  affects  all  gases  alike ;  and 
no  matter  how  hot  or  how  cold  a  gas  may  be,  si  certaia  increase  of 
heat  produces  the  same  increase  of  volume  in  every  case.  la  sol- 
ids and  in  liquids,  however,  it  is  different ;  the  expansion  which  oc- 
curs is  but  the  result  of  the  opposing  forces  of  cohesion  and  of 
heat,  and  hence  the  amount  of  expansion  depends  not  only  on  the 
quantity  of  heat  which  is  applied,  but  also  on  the  power  of  cohe- 
sion by  which  it  is  resisted,  and  which  depends  upon  the  nature  of 
the  body.  Consequently,  every  fluid  and  every  solid  expands  in  a. 
degree  which  is  peculiar  to  it.  There  is  yet  another  consequence 
of  the  influence  of  cohesion  upon  the  expansion  of  solids  and  of 
liquids.  Let  us  represent  the  cohesive  force  of  a  certain  substance, 
for  example,  copper,  by  10,  and  let  us  suppose  that  we  apply  to  it  a 
quantity  of  heat  which  will  expand  it  through  a  space  which  we 
will  call  1,  and  will  diminish  its  cohesion  from  10  to  9.  If,  then, 
we  apply  another  quantity  of  heat  exactly  equal  to  the  former,  it 
will  not  have  to  contend  against  a  cohesion  of  10,  but  of  P,  and 
will,  consequently,  be  able  to  produce  an  expansion  of  more  than 
1,  say  li,  and  it  will  reduce  the  cohesion  more  than  it  did  before, 
as  from  9  to  7i.  If,  then,  another  equal  quantity  of  heat  be  added, 
it  having  still  less  opposing  force  to  overcome,  will  act  still  more 
powerfully,  reducing,  for  example,  the  cohesion  from  7j  to  5,  and 
the  increase  of  volume  becoming,  in  place  of  li,  2.  In  solids  and 
liquids,  the  rate  of  expansion  increases  thus,  with  the  temperature, 
from  the  diminution  of  cohesion  ;  but  in  gases,  where  the  cohesion 
remains  the  same,  or,  rather,  is  completely  absent,  the  expansion  is 
proportional  to  the  additional  quantity  of  heat,  no  matter  how  much 
may  have  been  sensibly  present  in  the  gas  before. 

1  shall  now  proceed  to  consider  in  detail  the  rates  of  expansion 
of  various  bodies,  commencing  with  those  of  gases,  for  which  the 
simplest  results  have  been  obtained.  Before  doing  so,  however,  it 
is  necessary  to  study  the  means  by  which  we  ascertain  the  quanti- 
ties of  heat  which  we  add  or  subtract  from  bodies  to  effect  their 
ejcpansion  or  contraction ;  to  investigate,  in  fact,  the  principle  on 
which  the  thermometer  and  pyrometer  are  founded,  and  such  de- 
tails of  their  construction  as  shall  hereafter  be  found  necessary  to 
be  known. 

Tiet  n  fi  be  a  glass  bulb  with  a  long  and  narrow  neck,  which  is  divided 


^c::. 


by  a  scale,  as  in  the  figure,  of  which  each  division  is  a  certain  part,  as 
_-'_.  of  the  volume  of  the  bulb.  Let  us  suppose  the  bulb  o  to  be  fill- 
ed with  pure  dry  air,  at  the  same  degree  of  heat  as  that  at  which  ice 
melts,  and  separated  completely  from  the  external  air  by  means  of 
a  globule  of  mercury,  c,  which  is  exactly  settled  at  the  commence- 
ment of  the  scale.  If,  now,  the  instrument  be  warmed,  the  air  in 
the  bulb  expands,  and,  according  as  it  increases  in  volume,  pushes 
before  it  into  the  tube  the  globule  of  mercury.  This  last  serves, 
therefore,  as  an  index  of  the  increase  of  volume  which  the  air  gains 
BS  it  is  heated,  and  by  its  position  wc  can  read  off  the  exact  propot- 
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tiOii.  If  the  source  of  heat  be  water  boiling',  under  ordinary  cir- 
cumstances, at  Dublin,  at  the  level  of  the  sea,  as  sooa  as  the  air 
lias  been  heated  to  exactly  the  same  degree  as  the  water,  the  glob- 
ule will  be  found  to  have  arrived  at  the  365th  division  on  the  scale. 
Therefore,  1000  measures  of  air,  on  being  heated  from  the  degree 
of  melting  ice  to  that  of  boiling  water,  become  1365.  Now  as,  from 
the  constitution  of  air  and  gases,  the  efTect  of  each  iacrease  of 
beat  is  the  same,  we  may  consider  the  whole  quantity  of  heat  which 
it  received  from  the  boiling  water  to  be  divided  into  365  parts  or 
degrees,  and  each  of  these  parts  being  applied  separately  to  the 
bulb,  should  have  increased  the  volume  of  air  by  t^/itt  P^""*.  or  should 
bave  converted  the  1000  volumes  into  1001.  There  is  thus  obtain- 
ed a  scale  of  expansion  which  is  quite  artificial  and  arbitrary  cer- 
tainly, but  which,  having  been  once  contrived,  may  be  with  perfect 
accuracy  applied  to  measure  different  quantities  of  heat.  Thus,  if 
we  warm  water  to  blood  heat,  and  immerse  in  it  the  air  bulb  as  de- 
scribed, the  expansion  of  the  air  will  move  the  globule  of  mercury 
to  the  degree  122,  which  is  almost  exactly  the  one  third  part  of 
the  365,  and  hence  the  water,  in  being  heated  from  the  degree  of 
melting  ice  to  that  of  blood  heat,  received  almost  exactly  one  third 
of  the  quantity  of  heat  which  should  have  made  it  boil,  and  its  tem- 
perature is  one  third  as  high. 

I  have  here  spoken  of  measuring  the  successive  quantities  of 
heat  which  the  air  received,  and  in  this  case  the  manner  of  expres- 
sion is  sufficiently  accurate,  as  well  as  the  most  simple.  But  it  is 
necessary  to  explain  the  true  meaning  of  the  words  quantity  of  heat 
and  temperature.  The  amount  of  expansion  which  a  hot  body  is 
capable  of  producing  in  the  air  or  mercury  of  the  thermometer, 
measures  truly  what  is  called  its  temperature.  The  temperature  has 
nothing  whatsoever  to  do  with  the  quantity  of  heat  which  the  body 
may  contain,  it  refers  only  to  its  expanding  power.  If  a  quantity 
of  water,  of  oil,  of  ether,  of  mercury,  or  of  iron  produce  all  the 
same  amount  of  expansion  in  the  air  or  mercury  of  the  thermometer, 
we  say  they  have  the  same  temperature,  without  pretending  to  know 
anything  of  the  quantity  of  heat  which  they  may  actually  possess. 
The  thermometer  ■  and  pyrometer  are  therefore  instruments  for 
measuring,  not  heat,  but  temperature,  and  we  denote  by  de^ees  of  tem- 
perature the  amount  of  expansion  produced,  marked  oiT  on  any  arbi- 
trary scale  which  we  may  thiiik  proper  to  adopt. 

Gases  evpandmg  more  than  any  other  bodiea,  the  air  thermom- 
eter IS  the  most  sensible  that  can  be  made,  and  m  the  form  just 
described  it  is  an  exact  measure  of  heat,  subject  only  to  one  cor- 
rection, which  is>,  that  although  the  air,  in  being  heated  from  the 
degree  of  melting  ice  to  that  of  boiling  water,  actually  expands 
T^Yo  "^f  'ts  volume,  J  et  thit  expansion  is  not  all  ^  isible,  for  the  glass 
bulb  expands  also  on  being  heated,  although  in  a  very  small  propor- 
tion, and  holds  ,-^jif  more  than  it  did  when  cold  ;  the  visible  expan 
sion  on  the  scale  is  therefore  only  363  degrees,  and  this  must  be 
allowed  for  to  have  complete  accuracy.  The  form  of  the  air  ther- 
mometer which  has  been  just  described  is,  however,  quite  unfit  for 
ordinary  use  ;  the  adjustment  of  the  index  globule,  the  necessitj 
thai  the  instrument  should  be  perfectly  horizontal,  which  is  quite 
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impossible  in  the  majority  of  practical  cases,  renders  this  kind  of 
an  air  thermometer  too  unmanageable  ;  and  since  the  air  changes  its 
volume  very  much  for  every  change  of  pressure,  and  our  atmo- 
sphere varies  in  its  weight  almost  every  hour,  an  air  thermometer 
left  open,  as  at  the  orifice  b,  would  change  continually  without  ref 
ercncc  to  the  degrees  of  heat  at  all,  and  would  thus  give  faJse  in- 
The  end  of  the    tube    must    therefore   be    accurately 


closed. 

When,  however,  the  air  inside  is  thus  confined,  the  simple  rule 
of  the  dilatation  being  proportional  to  the  increase  of  heat,  ceas- 
es compjetely.  For  if  the  point  b  be  closed,  and  the  bulb  a  be 
heated,  the  globule  of  mercury,  in  moving  a3ong  the  scale,  con- 
denses the  air  before  it,  and  thus  generates  an  elastic  force,  by 
which  the  expansion  is  resisted  and  diminished  in  amount ;  the  de- 
grees would  therefore  be  no  longer  equal,  but  rapidly  diminish  in 
size,  so  that  on  the  upper  parts  of  the  scale  they  could  not  he  dis- 
tinguished fron\  one  another,  and  would  henee  be  useless.  But  by 
having  a  second  bulb,  in  the  next  figures,  the  elasticity  of  the  air 
'ompressed  in  the  cold  bulb  increases  much  loss  rapidJy,  and  the 
icale  to  be  applied  to  the  stem  connecting  the  bulbs  is  easily  con- 
structed. As  the  stems  of  these  air  thermometers  are  generally 
upright,  mercury  would  be  too  heavy  a  fluid  to  introduce  in  a  column, 
and  the  mere  globule  which  we  supposed  in  the  example  first  taken 
would  not  answer,  from  the  facility  with  which  it  might  be  broken 
or  displaced :  to  any  watery  or  spirituous  fluid  there  is  also  an  ob- 
jection, that  the  amount  of  expansion  would  be  increased  to  an 
uncertain  degree  by  the  portion  of  fluid  converted  into  vapour.  To 
avoid  these  errors,  oil  of  vitriol  may  best  be  employed,  and  it  is 
generally  coloured  red  to  render  the  motion  of  the  fluid  column 
more  easily  visible. 

An  air  thermometer,  closed  perfectly,  indicates  a  change  of  tem- 
xerature  oniy  by  the  diiferenco  between  the  elasticity  of  the  air  in 
~j  the  two  bulbb.  No  matter  how  high  or  how  low 
the  temperature  may  he,  if  it  affects  both  bulbs  to 
the  same  degree,  the  air  in  each  bulb  presses  on 
the  liquid  column  with  the  same  force,  and  exactly 
balances  the  other.  The 
instrument  indicates,  there- 
fore, such  temperatures  ofly 
as  affect  one  bulb  and  i?ot 
the  other ;  the  difference,  in. 
fact,  between  the  tempera- 
tures of  the  two  biilbt,  and 
hence  is  properly  called  the 
differential  tkermometer.  In 
fig.  A  the  one  bulb  is  much  above  the  other 
In  fig.  B  the  stem  which  terminates  above  in 
a  bulb  is  open  below,  and  plunges  into  the 
fluid  which  the  inferior  bulb  contains.  This 
lower  bulb  is  soldered  or  cemented  at  its  or-^-- 
ifice  round  the  tube,  so  as  perfectly  to  pre-  "en. 
vent  the  action  of  the  air.     Fig  C  represents 
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t!ie  most  ordinary  form  ;  the  bulbs  are  on  a  level,  and  are  connected 
by  a  U-shaped  stem. 

The  air  thermometer  is  thus,  in  all  its  forms,  liable  to  so  miiny  in- 
conveniences from  the  limited  range  of  its  scale,  if  it  be  not  open 
to  the  air,  and  from  the  complex  form  which  the  scale  assumes  if 
the  external  air  be  prevented  from  communication,  that  it  is  never 
made  use  of  in  practice  except  in  some  particular  cases,  which 
shall  hereafter  be  specially  noticed.  We  are  therefore  obliged  to 
have  recourse,  for  our  accurate  measures  of  temperature,  to  other 
bodies,  which,  thoiigfh  not  so  sensible  as  air,  offer  more  practical 
advantages. 

The  liquids  which  are  generally  used  to  measure,  by  their  expan- 
sion, change  of  temperature,  are  alcohol  and  mercury.  The  former, 
in  being  raised  from  the  m.elting  point  of  ice  to  that  at  which  itself 
boils,  expands  j^^,  whereas  air  within  the  same  limits  would  have 
expanded  f'sV,  being  about  three  and  a  half  times  as  much  aa  alco- 
hol: and  mercury,  in  having  its  temperature  raised  from  the  melt- 
ing point  of  ice  to  the  boiling  point  of  water,  expands  roist  "r 
about  jV  of  the  quantity  of  air.  Hence  these  liquids  are  much  less 
sensible,  as  thermometers,  than  air;  but  their  other  advantages  are 
decidedly  in  their  favour.  Alcohol  is  only  employed  where  the 
object  is  to  measure  very  great  degrees  of  cold ;  and  for  ,this  pur- 
pose it  is  admirably  fitted,  as  it  is  the  only  liquid  that  has  not  yet 
been  frozen.  Mercury,  on  the  other  hand,  may  be  applied  to  an 
extensive  range  of  temperatures,  as  it  freezes  only  by  the  applica- 
tion  of  an  intense  cold;  and  it  does  not  boil  until  it  arrives  nearly 
at  a  red  heat.  It  has  the  largest  interval  between  its  freezing  and 
boiling  points  of  any  liquid  that  is  know-n.  Mercury  is  also  admi- 
rably suited  to  be  a  measure  of  heat,  by  the  accidental  circumstance 
that  its  expansion,  when  contained  in  a  glass  hiilb,  is  accurateiy 

firoportional  to  the  temperature,  and  its  indications  therefore  abso- 
utely  tme. 

This  is  occasioned  by  tlie  circumstance  that,  aa  in  all  liquids  and  solids  (he  ex- 
pansion inoieases  with  the  temperature,  the  rate  of  inereaae  of  the  e^iaeity  of  the 
^ass  bulb  exactly  corresponds  to  the  Increase  of  the  rate  of  ezpansion  of  the  mer- 
cury, and  absorbs  it ;  so  that  the  visible  expansion  of  the  mercury  is  uniform,  and  a 
degree  in  every  part  of  the  scale  is  of  the  same  length.  For  instance,  if  mercury 
and  ^r  be  togetlier  healed  from  the  freezing  to  the  boiling  point  of  water,  I  000 
measures  of  air  become  1-365,  and  10000  measures  of  mercury  become  10180. 
If,  then,  they  be  both  heated  as  much  more,  the  air,  expanding  at  the  same  rate, 
becomes  1730;  but  the  mercury,  expanding  more  rapidly,  becomes  10-363;  and 
hence,  if  a  scale  was  so  applied,  there  would  be  shown  180  degrees  in  the  lower, 
and  188  degrees  in  the  upper  part  of  the  scale,  to  the  same  quantity  of  heat.  This 
is  corrected  by  the  expansion  of  the  glass  bulb  which  holds  the  mercury.  At  the 
temperature  of  mating  ice,  the  bulb  holds,  for  example,  10  000  measures  of  mer- 
cury ;  but,  on  being  heated  to  that  of  boiling  water,  it  holds  10026.  The  mercury, 
however,  having  become  10180,  the  difference,  (10-1SO~10-03S)=154  measures, 
passes  into  the  stem,  and  makes  the  rise  of  temperature  upon  the  scale.  When, 
now,  the  second  portion  of  heat  is  applied,  the  mercury  becomes  10  363 ;  and  the 
glass  bulb,  expanding  at  the  same  time,  becomes  able  to  hold  10055  :  and  hence 
the  difTerence,  (10-363— 10-055)=308  measures,  passes  into  the  stem  and  moves 
along  tho  scale.  Thus  the  visible  portion  of  the  expansion  is  rendered  exactly  pro- 
portional to  the  increase  of  heat ;  and  the  mercurial  thermometer  becomes,  not 
merely  the  most  convenient,  but  the  most  accurate  measure  of  heat  which  we 
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Its  real  value  to  the  quicksilver  thermometer,  would  be  completely  inupplicabie  in 
practice.  Tliia  is  ascertained  by  finding  tliat  a  small  quantity  of  mercnry,  moved  up 
and  down  the  tube,  occupies  exactly  the  same  length  in  every  pait.  A  projier  tube 
having  been  thus  obtained,  one  extremity  is  dosed,  and  a  bulb  13  blown  upon  it ; 
another  is  formed  near  the  open  end,  leaving  a  space  between  the  two  bulbs  some- 
what longer  than  the  thermometer  is  intended  to  be.  The  tube  and  bulbs  having 
been  heated,  are  allowed  to  cool,  with  the  open  end  immersed  in  pure  and  reoently- 
boiied  mercuiy.  By  Ihe  contraction  of  the  internal,  and  the  pressure  of  the  exter- 
nal air,  a  quantity  of  mercury  is  forced  into  the  first  bulb,  and  ultimately  the  bulb 
at  the  closed  end  is  filled  completely  by  a  repetition  of  the  process.  When  the  in- 
troduction of  the  mercury  has  been  completed,  the  open  end  of  the  tube  is  closed 
by  a  little  sealing-wax,  to  prevent  the  admission  of  air  or  dust,  and  the  tube  is  al- 
lowed to  cool  with  the  terminal  bulb  down.  Wlien  it  has  cooled  canpletely,  it  is 
again  heated  to  the  highest  degree  it  is  intended  to  indicate ;  and  the  fine  flame  of 
a  blowpipe  being  directed  upon  the  point  which  is  to  be  the  extremity  of  the  tube, 
it  is  melted,  and  the  orifice  completely  closed.  When  the  instrument  then  cools, 
there  remains  over  the  mercury  in  the  stem  a  perlHOtly  empty  space. 

It  remains,  then,  to  attach  the  scale.  When  describing  the  general  principle  of 
the  thermometer,  in  the  example  of  dry  air,  pushing,  by  its  expansion,  an  index 
globole  of  mercuiy  along  the  stem,  the  scale  which  incduded  the  interval  from  the 
freezing  to  the  boiling  points  of  water  was  supposed  to  be  divided  into  385  parts. 
This  was,  however,  merely  because  the  1000  measures  of  air,  in  being  heated 
through  tliaC  interval,  expand  in  that  proportion.  Tlie  scales  that  are'  actually  used 
are  different,  although  quite  as  arbitrary.  The  simpJest  scale  is  that  in  which  the 
interval  between  the  freezing  and  boiling  points  of  water,  which  is  universally  ta- 
Ken  as  the  st^dard,  is  divided  into  100  parts ;  it  is  termed  the  centigrade  scale, 
and  is  employed  in  France,  and  generally  in  Germany  and  the  north  of  Europe.  In 
it  ice  is  said  to  melt  at  0",  and  water  to  boil  at  100°.  On  the  scale  generally  used 
in  this  country  and  Great  Britain,  the  standard  interval  is  divided  into  180  degrees, 
tut  the  melting  point  of  ice  isnottaiien  as  0°,  but  as  33°,  from  a  very  absurd  idea  of 
Fahrenheit,  who  was  the  inventor  of  this  scale.  Ho  mixed  together  snow  and  salt, 
and  having  thus  produced  a  more  intense  cold  than  anybody  before  him  had  done, 
he  imagined  that  he  had  attained  a  point  at  which  the  bodies  had  no  heat  at  all, 
that  he  had  arrived  at  what  was  aftervrard  called  the  absolute  zero,  and  he  called 
that  point  0"  :  the  melting  point  of  ice  was  then  38°,  and  water  boiling  at  ISO" 
higher,  its  temperature  was  marked  212°.  There  is  another  scale,  sometimes,  but 
not  olten  used ;  that  of  Reaumur,  in  which  the  melting  point  of  ice  is  the  com- 
mencement or  0°,  and  the  boihng  point  of  water  is  marked  80".  The  first  stejj  in 
the  graduation  is  to  mark  the  extreme  points  of  the  standard  interval :  the  melting 
point  of  ice,  and  the  boiling  point  of  water.  To  do  this  correctly,  some  precautions 
must  be  taken.  I  have  frequently  spoken  of  the  melting  point  of  ice  and  the  fi-eea- 
ing  point  of  water  as  meaning  the  same  temperature,  and  under  ordinary  circum- 
stances they  tiu  so  ;  but  fhey  do  not  so  neoeisarily.  The  freezing  of  water  is  a 
crystallization,  and,  like  all  6ther  cases  of  crystallization,  may  take  place  with  great- 
er, or  less  faciUly.  If  water  be  agitated,  or  if  it  bo  contained  in  rough  vessels,  af- 
fording prominences  to  which  the  crystals  of  ice  may  attach  themselves,  it  freezes 
exactly  at  33°  on  Fahrenheit's  scale ;  hut  if  the  water  be  itept  carefully  at  rest,  and 
be  contained  in  smooth  glass  vessels,  free  from  dust,  it  maybe  easily  cooled  to  25°, 
and  has  been  cooled  eyen  to  15°,  without  becoming  solid.  Hence,  if  we  wished  to 
determine  the  zero  by  means  of  freezing  water,  an  error  might  easily  be  committed. 
Joe,  however,  under  allcu'cumstanoes,  melts  at  38° ;  and  hence,  by  plunging  the  bulb 
of  the  thermometer  into  a  mixture  of  ice  and  water,  and  marking  on  the  stem  the 
point  at  wliich  the  level  ofthe  mercury  settles,  the. first  fijced  point  upon  the  scale  is 
had.  To  determine  tlie  second  point,  that  at  wiiich  water  boils,  it  is  necessaiy  to  at- 
tend to  the  condition  of  the  barometer.  It  will  be  hereafter  described  how  the  boil- 
ing point  of  every  liquid  varies  with  the  atmospheric  pressure ;  it  Is  here  enough 
to  notice,  that  either  the  boiling  point  must  be  determined  when  the  barometer 
stands  at  29-8  inches,  or  a  coiTectiim,  which  will  be  hereafter  given,  applied  fur  any 
difference  of  height  which  may  exist.  The  water  must  boil  also  in  a  metallic  ves- 
sel, for  water  in  a  glass  or  porcelain  vessel  has  its  boihng  point  somewhat  raised, 
and  as  the  thermometer  is  to  be  used  for  chemical  purposes,  the  bnlb  and  only  a 
small  portion  of  the  stem  should  be  immersed  in  the  boiling  water.  The  two  fixed 
points  havuig  been  thus  obtained,  the  interval  is  to  be  divided  into  180  equal  parts 
or  dcgi'ses  for  the  ordinary  scale  of  Fahrenheit,  and  then  S3  of  these  degrees 
counted  downward  from  tlie  poiiit  of  melting  ice  to  obtain  the  zero  |  for  the  zero 
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cr-i..i>c  be  truly  got  in  the  manaer  in  wliich  Fahrenheit  Is  supposed  originally  to 
have  iiivented  it,  for  a  miicture  of  snow  and  salt  is  found  to  produce  always  a  cold 
of  about  3°  below  zero,  or  — 3°.  As  oiir  range  of  temperature  passes  far  below 
tho  aero  of  the  scale,  we,  count  downward  precisely  as  we  count  upward,  only 
prefixing  in  the  former  c^ise  the  —  minus  sign,  whereas,  in  the  degrees  above  zero, 
the  -j-  plus  sign  is  usually  omitted.  Thus,  -j-SO",  or  simply  50°,  is  fifty  degrees 
above  aero,  but  —50°  is  the  same  nnmher  below  zero.  To  construct  the  centi 
grade  scale,  the  method  is  precisely  the  same,  except  that  we  make  the  point  of 
melting  ice  0°,  and  that  of  boiling  water  100°,  and  a  degree  being  the  -^hr  "f  "^'s 
intervS,  we  count  up  and  down  from  zero,  precisely  as  in  the  other  ease. 

It  is  generally  proper  to  !ay  a  thermometer  aside  for  a  few  weeks  after  having 
filled  it  before  proceeding  to  apply  the  scale.  For  it  is  found  that  as  there  is  a  vac- 
uum in  the  instrument  above  the  mercury,  the  external  pressure  acting  on  the  thin 
glass  of  the  bulb  gradually  changes  its  form  a  httle,  and  would  move  up  the  lixed 
points,  sometimes  through  one  or  two  degrees,  if  they  had  been  marked  before  tlie 
change. 

The  centigrade  scale  is  of  sach  extensive  use  in  the  worlts  of  most  distinguished 
chemists,  that  it  is  well  to  show  more  closely  its  relation  to  the  ordinary  scale  of 
Fahrenheit,  and  the  means  of  reducing  one  to  the  other.  The  standard  interval  is 
divided  into  180"  Fahrenheit,  and  into  100  centigrade  degrees,  and  hence  a  degree 
of  the  former  is  equal  to  -f  Jg^,  or  |ths  of  a  centigrade  degree.  To  reduce  any  intef- 
val  in  centigrade  degrees  to  Fahrenheit's,  it  is  therefore  to  be  multiplied  by  0  and 
divided  by  5  ;  and  for  the  reduction  from  Fahrenbeit  to  centigrade,  the  number  is 
to  be  multiphed  by  5  and  divided  by  9 ;  but  as  the  degrees  do  not  in  number  start 
from  the  same  point,  the  Fahrenheit  scale  being  already  33°  when  the  centigrade 
begins,  it  is  necessary  to  add  33"  to  the  number  of  Fahrenheit  degrees  which  have 
been  attained  by  calculation  from  the  centigrade,  and  to  subtract  33°  from  the  num- 
ber of  degrees  on  Fahrenheit,  which  are  to  be  converted  into  degrees  upon  the  oth- 

Thus,  to  reduce  167°  of  Fahrenheit,  we  proceed  : 

1G7— 33=iaa,  and  135xf='75'^, 
-liii  find  it  to  correspond  to  75"  centigrade     And  to  reduce  65°  centigrade  to  Fali- 
renheit's  scale,  we  say, 

B5X|=117,  and  117+33=149°, 
corresponding,  therefore,  to  149°  of  Fahrenheit. 

Reaumur's  scale  being  to  the  centigrade  scale  as  4  to  5,  similar  reductions  are 
made  to  and  from  it,  by  using  Jin  place  of^,  as  has  been  employed  in  the  esampJe. 

The  range  of  temperatures  observable  with  a  mercurial  thermom- 
eter on  Fahrenheit's  scale  is  from  — 39^  to  -l-eSO",  The  mercury- 
freezes  a  little  below — 40^  ;  and  though  it  does  not  boil  until  it  ar- 
rives at  660°,  yet  the  quantity  of  vapour  which  it  forms  when  very 
near  its  boiling  point,  prevents  its  indications  from  being  quite  ex- 
act between  that  point  and  630°. 

Our  means  of  estimating  temperatures  above  the  boiling  point 
of  mercury  are  not  at  all  ao  perfect  as  those  that  have  been  de- 
scribed for  the  lower  degrees  of  heat.  Mercury,  when  boiling,  ia 
not  in  the  slightest  degree  luminous,  but  the  temperature  at  which 
a  heated  body  becomes  visible  in  the  dark,  by  emitting  a  dull  red 
light,  is  not  much  higher.  Numerous  instruments  have  been  in- 
vented for  the  purpose  of  determining  the  higher  temperatures, 
particularly  of  furnaces,  and  hence  they  have  been  called  pyrome- 
ters. Of  these,  the  only  one  which  appears  to  give  accurate  rC' 
Bults,  and  hence  deserves  description,  is  that  of  Daniell. 

In  this  pyrometer,  the  change  of  temperature  is  shown  by  the  excess  of  the  ex- 
pansion of  an  iron  bar  over  the  expansion  of  a  black-lead  case  in  which  it  ia  en- 
closed. The  iron  rod  a  is  somewhat  shorter  than  the  black-lead-ware  case,  and  a 
plug  of  earthenware,  6,  which  fits  tight  in  the  case,  abuts  against  the  iron  rod  in- 
side, and  projects  as  at  c  in  the  figure.  Let  ua  soppose  the  length  of  the  case  to  be 
6  inches,  that  of  the  iron  rod  41  inches,  and  that  of  the  earthenware  plug  to  be  I 
inch.  If  the  whole  be  heated  until  the  case  shall  have  expanded  by  13  parts,  the 
iron  rod  wDl  have  increased  in  length  by  44,  and  the  earthenware  piece  by  7,  whiohv 
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added  to  44,  makes  51.  If  the  black-lead  case  did  not  increase  in  size,  atl  thesu 
61  parts  should  project ;  but  as  there  is  addilional  room  made  for  12,  the  project- 
ing portion  is  only  39.  If  the  parts  of  the  apparatus  were  all  free  to  move,  each 
contracting  again  on  cooling,  the  result  would  be  that  all  would  be  restored  to  their 
original  position  ;  but  Uiis  is  not  the  case.  The  iMir  of  iron,  in  expanding,  pushes 
out  before  it  the  jdug  of  earthenware,  which,  howerer,  is  held  so  tight  in  the  case 
that  it  cannot  go  back  again  when  the  apparatus  has  become  cold.  The  protrusion 
of  the  earthenware  plug  is  therefore  a  permanent  index  of  the  greatest  amount  of 
expansion  that  had  been  produced  while  the  instrument  was  exposed  to  heat.  This 
expansion  is,  however,  very  small.  The  three  pieces  being,  as  stated,  5,  4i,  and  1 
inch.theespansion.whenheatedfromSS"  to2i3°,  isonlyf^ofanineh;  and  aa 
this  indicales  180  degrees,  the  expansion  for  a  degree  is  only  about  ^^fr  of  an 
inch.  It  is  therefore  necessary  to  magnify  this  expansion,  in  order  that  the  indi- 
cation maybe  read  off;  and  this  is  done  by  means  of  a  graduated  circular  arch,  d  e 
f,  with  a  movable  index,  kept  by  means  of  a  spring  constantly  at  0°  when  niidis- 
turbed.  On  fitting  this  scale  to  the  pyrometiic  black-lead  case,  after  it  has  been 
in  the  fire,  the  projection  of  the  earthenware  plug,  c,  catches  in  the  prolonged  heel 
of  the  index,  e,  and  moving  it  round,  the  point  of  the  index  travels  over  a  portion 
of  the  graduated  scale,  and  indicates  the  number  of  degrees  through  which  the 
temperature  had  been  raised.  This  instrument  is  not  always  made  of  the  same 
siie,  and  hence  the  absolute  amount  of  expansion  may  vary,  which,  however,  is  re- 
duced to  the  same  proportion  on  the  scale,  by  which,  also,  the  increase  in  tlie  ratti 
of  expansion  of  tlie  metallic  bar  at  very  high  temperatures  mast  be  allowed  for. 
By  means  of  this  very  ingenious  and  useful  instrument.  Professor  Daniell  has  de- 
termined the  melting  jmint  of  most  of  the  unportant  metals,  and  also  several  other 
temperatui  es  at  which  remarkable  phenomena  occur. 

The  p  rometers  of  Wedgewood,  of  Guyton,  and  many  others 
that  have  heen  proposed,  must  he  considered  as  now  totally  ahan- 
doned,  and  do  not  require  notice. 

The  most  delicate,  and.  perhaps  the  most  important,  measure  of 
heat  that  has  been  contrived,  is  one  totally  independent  of  expan- 
sion, and  founded  on  the  measurement  of  an  electric  cnn-ent  which 
a  change  of  temperature  produces  nnder  certain  circumstances.  It 
is  the  Thermo-muliipUer  invented  hy  Nobili.  The  principle  which 
the  instrutaent  involves  in  its  construction  and  its  form  will  be  de- 
scribed under  the  head  of  electricity,  and  the  remarkable  results 
obtained  by  means  of  it,  and  which  have  completely  remodelled 
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our  ideas  of  the  physical  constitution  of  heat,  will  be  noticed  in 
another  place. 

It  may  be  of  interest  to  subjoin  the  temperatures  on  Fahrenheit's 
scale  at  which  some  of  the  most  remarkable  ciTects  of  heat  are 
produced: 

—  135°.  The  g;reatest  cold  that  has  been  produced. 

—  121".  The   solid  compound    of  alcohol  and  carbonic    acid 

melts. 

—  91".  Greatest  cold  by  ordinary  freezing;  n 

—  58".  Temperature  of  the  planetary  spaces 

—  60°.  Greatest  cold  observed  in  the  arctic  regions. 

—  47^.  Sulphuric  ether  congeals. 

—  45".  Nitric  acid  congeals. 

—  39°.  Mercury  congeals. 
-[-  I".  Oil  of  vitriol  freezes. 

+       14".  Oil  of  turpentine  freezes. 

+       20'.  Wine  freezes. 

4-       25°.  Blood  freezes. 

4-       .32'.  Ice  melts. 

+       36''.  Olive  oil  freezes. 

+       98".  Heat  of  human  blood. 

+     108".  Phosphorus  melts. 

+     174".  Alcohol  boils. 

+     201°.  Rose's  metal  melts. 

-I-     211°.  Newton's  metal  melts. 

+     212°.   Water  boils. 

+     218".  Sulphur  melts. 

4-     662°.  Mercury  boils. 

-j-     8:0°.  Antimony  melts. 

+     980°.  Eed  heat. 

4-   1141°.  Heat  of  a  common  fire. 

+  1869°.  Brass  melts. 

+    1873°.  Silver  melts. 
1996°.  Copper  melts. 
2200=.  Gold  melts. 
2786°.  Cast  iron  melts. 

The  details  which  have  been  given,  regarding  the  construction  of  the  air  ther- 
a  "meter,  will  sliow  sufficiently  the  principle  upon  which  tlie  detemiination  of  the 
ri.e  of  expansion  of  gaseous  bodies  has  been  effected.  The  exact  amount  of  dila- 
la  ion  was  lirst  ascertained  by  Daltan  and  Gay  Lussac  nearly  at  the  same  time. 
n.e  aH>aratu8  of  Gay  Lussac  consisted  of  a  tin  vessel,  A,  having  five  apertures, 


IS  of  the  aperture  in  the  side,  o 


,oJui,ed  the  tube  witii  the  biilb, 
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.ngeil  with  the  graduated  scale  aiui 
48.  By  the  opposite  orifice,  o,  is 
on  the  same  level  as  the  bulb  of 
the  top,  a  second  therniomeier,  v, 
'  '  the  centre  of  the  box.  'Hw 
The  apparatus 
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g  g',  containing  air  dried  by  the  tube  h  ft',  and  a 
index  globule  of  mercury  m,  as  described,  in  pt 
fixed  a  thermometer,  I  s,  the  bulb  6  of  which 
the  air  tube.  By  means  of  the  central  orifice 
is  introducedi,  the  bulb  of  which  is  situated  ex 
other  orifices  in  the  top  are  for  Hie  free  escape  of 

arranged,  water,  rendered  ice-cold  by  some  snow  or  ice  floating  on  it,  is  introduced, 
until  the  thermonieters  and  the  air  hnlbs  are  covered  to  the  depth  of  a  couple  of 
inches,  and  the  index  globule  of  mercury  is  thus  brought  to  the  zero  oS  the  scale. 
"ITie  box  is  then  placed  on  a  furnace,  B,  and  gradually  heated  :  the  rise  of  temper- 
ature is  indicated  by  the  thermometer,  t,  the  expansion  by  the  motion  of  the  index 
globule,  and  at  each  degree  the  thermometer  and  air  bulb  may  be  compared  to- 
gether until  the  water  is  brought  to  boil. 

By  substituting  other  substances  for  water,  such  as  oil,  or  a  bath  of  fusible  metal, 
the  rate  of  expansion  may  bedeterminedfor  still  higher  temperatures,  and  has  been 
thus  ascertained  by  Dulong  and  Petit  up  to  the  boiling  point  of  mercury. 

From  such  experiments,  conducted  by  Dalton,  Gay  Lussac,  and  Dulong,  it  result- 
ed, that  1000  volumes  of  air,  when  heated  from  33°  to  21^°,  became  1376,  and  that 
tlie  change  was  in  proportion  for  higher  or  lower  temperatures.  The  numbers  ae- 
'iialJy  obtained  may  be  stated  as  in  the  following  table : 


'^^ip- 

T^r." 

E.j»,Bim  tot  01^ 

■—   33 

8650 

30-77 

10000 

13750 

SO-83 

300 

15576 

30  70 

17389 

30-83 

19189 

20-Bt 

fl59 

20970 

SO-83 

660 

S3125 

30  90 

The  mean  of  these  results  gives  the  expansion  for  one  degree  at  20-81,  or  alraosi 
exactly  jjj-  of  the  volume  at  32°,  which  result  had  been  adopted  universally,  with- 
out any  suspicion  of  its  being  imperfect.  Circumstances  liaving,  however,  induced 
Rudherg  to  submit  the  subject  to  an  accurate  reinvestigation,  conducted  with  ex- 
ceeding care  and  attention,  particularly  to  the  state  of  dryness  of  the  air  employed, 
he  has  found  tiiat  the  amount  of  expansion  assigned  by  Gay  Lussac  and  Dalton  is 
somewhat  too  great,  and  that  a  volume  of  air,  in  being  heated  from  33°  to  313°, 
expands  fi-om  1000  volumes  to  1366. 

The  method  which  he  employed  was  almost  exactly  the  inverse  of  that  of  Gay 
Lussac.  Having  dried  -with  great  care  the  air  in  a  glass  bulb,  the  tube  of  whicj. 
was  drawn  to  a  :Sne  point,  like  that  described,  page  14,  for  tailing  the  specilic  gravity 
of  vapours,  he  heated  it  for  a  long  time  in  a  vessel  of  boiling  water,  taking  care 
that  all  parts  of  the  bulb  and  tube  were  equally  heated,  and  then,  being  completely 
certain  that  ail  the  air  had  attained  the  maximum  temperature,  he  sealed,  by  the 
blowpipe,  the  minute  orifice,  and  thus  had  the  bulb  containing  air  in  the  expanded 
state.  The  vessel  being  then  removed  to  a  trough  of  mercury,  the  orifice  ^  the 
tube  was  placed  deep  below  the  surface,  and  carefully  opened ;  a  quantity  of  ice 
was  then  laid  upon  the  globe,  and  being  supplied  as  fast  as  it  melted,  the  whole 
was  thus  left  for  some  hours  until  the  -temperature  was  well  established  at  32", 
and  all  the  mercury  which  would  rise  into  the  globe  by  the  contraction  of  the  air 
by  cooling,  had  entered.  The  height  of  the  mercury  was  then  noticed,  and  the 
height  of  the  barometer,  and  the  corrections  neeessaty  for  its  positive  amount,  or 
for  any  change  which  occurred  during  the  experiment,  allowed  for,  as  already  de- 
scribed. The  volume  of  the  mercury  which  had  enlered^nlo  the  globe  was  then 
ascertained,  and  the  volume  of  the  globe  itself  also  determined ;  and  by  a  oompar. 
isonofthese,  corrected  for  the  expansion  of  the  glass,  and  for  any  variation  in  the 
boiling  point  from  213°,  the  rate  of  expansion  and  its  amount  were  calculated. 

From  very  numerous  experimentB,  Eudberg  inferred  that,  in  being 
heated  from  32°  to  21^",  1000  volumes  of  nir  became  between  I364i 
and  1366'4j ;  we  may  consider  1365,  which  is  between  the  two,  as 
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beiticf  absoluteJy  the  most  correct,  and  henoe  that  for  each  degree 
1000  volumes  expand  ^^^=2-028,  or  j|j  of  its  volume  at  32>. 

In  all  operations  wpoQ  gaseous  mixtures,  the  rate  of  expaasion 
of  air  comes  into  pky  ;  for  as  alj  gases  expand  alike,  and  the  vapours, 
even  of  these  bodies  which  are  least  volatile,  as  camphor  and  cor- 
rosive sublimate,  expand,  while  in  the  elastic  form,  precisely  as 
gases  do,  their  volumes  are  corrected  for  temperature  and  pressure 
m  the  same  manner.  In  determining  the  specific  gravity  of  a  va- 
pour, it  is  also  usual  to  reduce  it  to  the  same  standard  as  those  of 
gases,  that  is,  air  at  32",  even  where  the  substance  is  of  sueh  a  na- 
turp  as  that  at  32°  it  may  not  produce  any  sensible  vapour  at  all- 
in  doing  so,  it  is  assumed  that  the  vapour  should,  in  cooling  to  32", 
follow  the  same  law  as  common  air  ;  and  hence  an  error,  even  though 
very  slight,  in  the  ralte  of  expansion  of  air,  rnight  lead  to  incotrfect 
results  in  many  cases, 

The  application  of  such  eorreetioas  follows  very  simply  from  what  has  been  de- 
scribed. If  there  he  a  certain  quantity,  as  155  cubic  inches  of  hydrogen  gas  at  143° 
Fahrenheit,  and  we  wish  to  know  the  volume  there  should  be  wljen  cooled  to  33", 
we  say  that,  as  143°  is  110°  above  32°,  the  155  cubic  inches  are  equal  to  the  vol- 
ume at  33°,  and  in  addition  to  j^  of  it ;  that  being  the  ([uanlity  by  which  it  is  ex- 
panded from  32°  to  143°.  Therefore,  denoting  the  Tolurue  at  33°  by  the  letter  V, 
there  is  the  equation : 

i55_V+V— ,or  V__-^^_13B  5  . 

139-5  cubic  inches  are  therefore  the  volume  at  33°. 

If,  on  the  other  hand,  we  have  a  gaa  at  a  low  temperature,  and  we  wish  to  as- 
certain what  its  volume  should  be  at  32°,  it  is  evident  that  the  mode  is  the  sanie, 
except  that,  in  place  of  subtracting  the  amount  of  expansion,  we  add  it  to  the  origi- 
nal volume.  Thus,  if  the  155  cubic  inches  of  hydrogen  had  heenat  6°  Fahrenheit, 
then  the  equation  should  have  been  33°— 6°  being  36. 

155=sV — Y-:;:7s,  or  V=-rir^ — st=1^  3  cubic  inches  in  exact  numbers. 
493  493 — 36 

It  frequently  happens  that  it  is  necessary  to  reduce  a  gaa  at  one  temperature  to 
Its  volume  at  another,  neither  of  which  being  32°,  it  would  require  two  different  suras 
to  be  worked  by  the  above  process.  But  it  may  he  efTected  as  follows  by  a  single 
ealcnlation. 

The  volumes  at  the  two  temperatures  are  to  one  another  iti  the  same  propor- 
tion as  tlie  standard' volume,  493,  increased  by  the  amount  of  expansion  proper  to 
the  temperatures.  Thus,  at  the  temperatures  of  75°  and  42°,  the  standard  volume, 
which  is  493°,  at  32°  hecomes  respectively  538  and  5U3.  Now  any  volume  of 
gas,  when  heated  from  43°  to  75°,  or  cwiled  from  75°  to  42°,  changes  its  volume 
in  these  proportions ;  and  hence,  if  we  have,  for  ejiample,  127  cubic  inches  of  a  gas 
at  75°,  and  we  wish  to  calculate  its  volume  when  at  the  temperature  of  43°,  we 
aay,  calling  the  unknown  volume  V : 

V  ;  137  :  ;  503  :  538,  and  V=i?^^=119-3. 


The  formula  for  these  corrections  may  be  very  sunply  written  in  a  general  form, 
thus,  to  reduue  a  volume  to  33°,  denoting  the  temperature  on  Fahrenheit's  scale 
by  I;  by  V,  the  volume  of  gas  which  we  have  measured  at  that  temperature ;  and 
by  Vi,  the  volume  at  33°,  the  formula  is ; 

V,= ^93.  V 

493±'((— as'*)' 
And  to  reduce,  without  reference  tu  33"  ;  denoting  the  known  volume  by  V,  and 
thciuitdiownby  Vi;  the  temperature  of  V  by  i,  and  that  of  V,  by  (|,  there  is  found; 
Xl=*!!±ii^l)  a„dV,_V^3--ii<''-3a) 
V"493±  ((— 33)'  493^  (i— 32)' 

Air  which  has  been  heated  becomes,  from  its  great  increase  in 
volume,  specifically  much  lighter  than  cold  air,  in  which  it  there- 
fore nscends  with  a  velocity  due  tu  the  difference  between  their 
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Specific  gravities.  It  is  thus  thU  oier  every  lamp  or  candle  there 
may  be  felt  a  current  of  heated  air  ancending  from  the  flame ;  that 
the  heavy  dark  smoke  rises  in  its  heated  form  from  the  chimneys  of 
our  houses ;  and  that,  in  crowded  apaitments  or  theatres,  the  upper 
portion  of  the  space  mil  be  occupied  bv  oppressively  hot  air,  while 
that  near  the  floor  will  be  quite  cool  By  the  ascent  of  the  heated 
air  from  our  furnaces  and  hreplaces,  there  is  generated  the  draught 
which  gives  the  supply  o(  air  necessary  for  continued  burning ;  and 
as  the  intensity  of  the  combustion  and  consequent  heat  produced 
depends  on  the  rapidity  of  diaught,  the  hot  air  is  kept  from  being 
.  cooled  by  mixing  with  the  cold  e\ternal  air,  by  being  collected  in 
the  chimney,  where  it  obtains  an  ascensional  power  corresponding 
to  its  height,  and  by  which  we  are  enabled  to  regulate  with  accu- 
racy the  temperature  w  hich  shall  be  produced.  On  this  ascensional 
power  of  heated  air  is  founded  also  the  construction  of  the  fire  or 
Montgolfier  balloon,  a  hag  of  hot  air,  rising  in  the  surrounding  colder 
atmosphere,  precisely  as  a  light  flask,  filled  with  oil  or  alcohol, 
would  ascend  if  let  loose  at  the  bottom  of  a  vessel  full  of  wafer. 

It  has  been  already  noticed  that  liquids  do  not,  in  expanding, 
follow  any  simple  proportion,  such  as  that  which  exists  for  gaseous 
bodies,  but  that  each  fluid  has  a  peculiar  diJaiabiiity  of  its  own,  and 
that  the  rate  of  expansion  varies  with  the  temperature,  being  greater 
in  the  higher  portion  of  the  thermometric  scale  than  in  the  lower- 
Liquids  expand  much  less  than  gases,  hut  much  more  than  solids; 
for,  as  is  particularly  instanced  in  the  thermometer,  the  visible  ex- 
pansion of  a  fluid  is,  in  most  cases,  only  the  excess  of  its  expansion 
over  the  expansion  of  the  solid  vessel  in  which  it  may  be  contained. 
To  measure  the  amouat  of  expaasioa  ia  liquids,  they  may  be  introduced  into 
gradoated  thermometer  tubes ;  and  then,  when  exposed  to  the  same  degree  of  heat, 
they  will  jndieate  temperatures  proportional  to  their  expansibilities.  Thus  alcohol 
rising  more  into  the  stem  than  water,  and  water  more  than  mercury,  will  stand  at 
different  marlcs  on  the  stem,  although  the  temperature  be  really  the  same.  It  may, 
however,  be  more  easily  and  more  accurately  done  by  means  of  the  apparatus  in 

the  figures,    a  d  biaa glass  tube, the  neck  of 

fr   ^  ■>  °  ^  which  is  very  narrow,  and  bent  as  in  either  fig- 

ure. This  tube  ia  to  be  filled  completely,  at  the 
lowest  temperature,  with  the  liquid,  whose  expansion  is  to  be  examined  and  then 
weighed,  the  weight  of  the  tube  itself  being  previously 
known,  and  the  quantity  of  hquid  which  it  contains  is  thus 
^  determined.  The  tube  is  to  be  then  placed  upright  in  a 
1  cylinder  of  water  or  oil  J,  to  which  heat  may  be  applied 
■""'  a  furnace  below;  and  the  liquid  expanding  aocorfing 
i  its  temperature  ia  raised,  the  excess  of  volume  flows 
it  at  the  capillary  beak  c,  and  may  be  collected  as  in  d,  or 
t  to  waste.  When  the  apparatus  has  been  brought  to  the 
highest  temperature  required,  and  all  farther  expansion  has 
ceased,  as  is  known  by  no  more  liquid  passing  out  at  c,  the 
^  tube  is  to  be  removed  from  the  bath,  carefully  cleaned,  and, 
?  when  again  c«oi,  accurately  weighed.  The  loss  of  weight 
is  the  quantity  of  liquid  that  had  been  expelled,  and  this, 
compared  with  the  whole  original  quantity  of  liquid,  gives  the  proportion  of  expan- 
sion In  thia  manner,  however,  the  result  appears  to  be  less  than  it  really  ia,  for 
the  expansion  of  the  glass  tube  itself  diminishes  the  quantity  of  liquid  expelled. 
Such  results  require,  therefore,  to  be  corrected  for  the  expansion  of  the  glass,  which 
is  however,  so  small,  that  in  the  more  dilatable  liquids  it  may  be  neglected.  In 
mercury,  however,  it  affects  the  apparent  expansion  very  much ;  mercury  expanding 
in  glaaa  through  180°,  augments  in  volume  only  ^,  while  its  real  expansion  is  -f. 
The  amount  of  expansion  of  different  fluids  in  passing  through  180°  of  Fahreu 
heit  is  thus  fuuiid  to  he  ; 
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I  I  Oil  of  turpentine      .     .     .    -f\ 

id I  Sulphuric  acid    .     .     .     .    y'y 

>la iV  I         Water J^ 

ether  .    .    .    .   yV  I        Mercuiy J, 

I  a  nount  of  expansion,  independent  of  the  expansion  of  the  containing 
t  observed  by  the  apparatus  used  by  Duloiig  and  Petit.  It  conatsts  of 
a  gla^  tube  a  b  c,  bent  in  the  form  of  a 
U,  of  which  the  horizontal  portion  c  is  nar- 
row, but  the  vertical  legs  prettj  wide. 
When  mercury  is  poured  into  the  tube,  it 
stands  at  the  same  height  in  both  legs  if 
the  temperature  be  llie  same ;  but  one  leg 
being  immersed  in  a  vessel  of  oil  or  water 
I,  by  which  heat  can  be  applied  to  it,  and 
thereby  the  mercury  in  it  caused  to  expand, 
5  the  height  of  the  liquid  column  must  in- 
crease in  order  to  balancL'  llie  colder  column  of  mercury  in  the  proportion  of  the 
augmented  volume.  The  difTerence  between  the  heights  being  read  off;  by  means  of 
an  accurate  scale,  with  a  telescope  o,  the  amount  of  absolute  expansion  may  be  ea- 
sily calculated  from  it. 

By  means  of  this  instnunent  Dulong  and  Fe£it  determined  the  rate  at  which  the 
expansion  of  mercury  increases  wilji  ^e  temperature,  as  has  been  noticed  generally 
in  the  description  of  the  thermometer.  Their  result  was,  that  between  33"  and  SIS", 
measured  on  the  air  thermometer,  the  expansion  is  jj^.j.  From  313°  to  393°,  it  is 
,^Lj  ;  and  from  3S2"  to  573°,  it  is  js'.tts-  llie  consequence  is,  that,  measured  by 
its  own  expansion,  mercury  boils  at  680°  Fahrenheit ;  but  from  the  expansion  of 
the  glass  of  an  ordinary  thermometer  bulb,  it  boils  at  660°  on  tlie  visible  scale, 
which  coincides  aJmosl  exactly  with  663°,  the  temperature  given  by  the  dilatation 
of  air.  The  apparent  expansion  of  mercury  in  glass  is  therefore  taken  as  being 
oniform  for  180°.  ^  of  its  volume. 

Considerable  simplicity  is  given  to  the  laws  of  dilatation  of  liquids  by  an  observa- 
tion of  GayLussac,  that,  in  order  to  obtain  any  common  rule  for  them,  such  as  is 
found  for  gaseous  bodies,  we  must  examine  them  when  in  the  same  molecular  con- 
dition ;  that  m  to  say,  the  cohesive  powers  of  the  liquids  we  employ  must  be  brougliC 
into  the  same  state.  Tliis  is  most  uearly  done  by  taking  these  liquids  when  heat- 
ed to  their  boiling  points,  for  then  tlie  cohesion  of  each  liquid  is  about  to  cease  alto- 
gether. Thus  alcohol  boils  at  173°,  water  at  313°,  sulphuret  of  carbon  at  134°,  and 
sulphuric  ether  at  96*3°  ;  and,  taking  rOOO  volumes  of  each  at  their  boiling  points, 
and  allowing  them  to  cool,  they  contract  as  follows  t 


X^^i' 

w.^ 

£SS. 

t'& 

™.™» 

19° 

6-61 

11-43 

1301 

36° 

1315 

34-34 

33-30 

31-83 

64° 

1885 

34-74 

asoti 

46  43 

73° 

34-10 

45-98 

45-77 

58-77 

90' 

38  5B 

5603 

56-3S 

7301 

108° 

33-43 

B5-B6 

66-31 

We  by  this  means  find  a  very  interesting  relation  between  alcohol  and  sul- 
phuret of  carbon,  two  fluids  remarkably  different  in  their  specific  gravities,  and  in 
their  chemical  constitution  and  properties.  It  appears  that  their  molecular  force 
must  increase  at  the  same  rate;  for  in  cooling  the  same  number  of  degrees  below 
their  boiling  points,  they  contract  to  exactly  the  same  amount :  and  a  still  farther 
connexion  is  exhibited  between  their  molecular  conditions  by  the  remarkable  fact 
that,  in  being  converted  into  vapour,  the  augmentation  of  volume  which  they  un- 
dergo is  the  same. 

Many  liquids  possess  the  property  of  contracting,  by  reduction 
of  temperature,  only  to  a  certain  point;  below  which,  if  the  cool- 
ing he  continued,  they  expand.  As  the  volume  at  this  temperature 
ia  the  least  possible,  it  is  called  the  point  of  maximum  density. 
This  peculiarity  was  first  recognised  in  water ;  but  it  has  since  been 
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found  in  many  other  fluids,  even,  in  a  still  more  remarkable  degree 
It  is,  however,  in  water  that  the  phenomenon  is  of  most  importance, 
in  consequence  of  the  extensive  agency  of  that  fluid  in  natural  op- 
erations. The  point  of  masimum  density  of  water  has  been  deter- 
mined by  the  experiments  of  very  many  persona  to  be  39. S''  of  Fah- 
renheit. When  water  below  that  temperature  is  heated,  it  con- 
tracts J  when  heated  above  it,  it  expands :  when  cooled  from  above 
it,  it  contracts ;  when  cooled  below  it,  it  expands :  and  when  the 
experiment  is  made  in  glass  vessels,  the  contraction  of  the  glass  has 
ae  effect  of  rendering  the  expansion  of  cooling  below,  or  of  heat- 
ing above,  through  the  same  number  of  degrees,  exactly  equal.  Thus 
100  000  volumes  of  water  become  100-012  equally  by  being  cooled 
from  39  5  to  32'',  or  by  bemg  heated  from  39-5  to  46^,  and  the  spe- 
cific gravity  of  water  at  iS-"  and  at  32^  is  consequently  the  same. 

A  great  deal  of  the  permanence  of  the  existing  order  of  nature 
depends  upon  this  property  of  water :  it  is  by  means  of  it  that  the 
great  mass  of  ivater  in  oar  lakes  and  rivers  is  preserved  from  being 
conveited  into  solid  ice  When,  by  the  cooling  process  of  the 
winds,  the  wafei  has  been  all  reduced  to  the  temperature  of  39-5^, 
the  surface  acts  as  a  scieen  to  prevent  the  farther  loss  of  heat,  and 
thus  retains  the  deepei  portions  at  a  temperature  sufficiently  high 
for  the  existence  of  its  organized  inhabitants;  for,  by  the  continued 
action  of  the  cold  «ind,  the  superficial  water  being  cooled  below 
39-5^,  It  becomes  lighter,  and  floats  upon  the  heavier  and  warmer 
water  underneath  ,  and  from  the  bad  conducting  power  which  wp.ter 
will  be  hereafter  demonstiated  to  possess,  the  loss  of  heat  is  effect- 
ually prevented.  If  it  were  not  for  this  property  of  water,  all  large 
collections  of  it  in  lakes  and  rivers  would,  with  few  exceptions, 
be  permanently  frozen 

'Ihe  dilatation  of  solids  is  much  inferior  in  amount  to  that  of 
liquids,  and  as  with  these,  the  rate  of  dilatation  is  not  uniform,  but 
increases  with  the  temperature.  The  increase  is,  however,  so  ex- 
ceedingly ramute,  that  in  almost  all  cases  it  may  be  neglected,  and 
hence  need  not  occupy  much  attention.  The  dilatation  of  solids, 
although  so  small,  may  j  tt  be  demonstrated  to  be  real  by  many 
simple  experiments.  Thus,  if  an  iron  rod  be  made  to  fit,  when  cold, 
in  length  and  breadth,  an  exact  scale,  it  will  be  found,  when  heated, 
to  be  too  large  to  enter  it.  An  iron  ring,  which  is,  when  cold,  too 
small  to  pass  over,  a  cylinder,  becomes  sufficiently  large  on  being 
heated;  and  if  the  cylinder  could  have  passed  through  when  cold, 
its  diameter  becomes  too  great  to  allow  its  passage  when  its  tem- 
perature is  raised.  In  the  arts,  the  expansion  of  solids,  particularly 
of  the  metals,  in  this  way  becomes  the  source  of  numerous  incon- 
veniences, and  of  many  useful  applications.  Thus,  the  iron  rim  of 
a  carriage  wheel  is  secured  by  the  power  of  its  own  contraction, 
it  having  been  slipped  upon  the  wooden  frame  while  in  a  hot  and  ex- 
panded state.  Tlic  force  of  contraction  of  iron  bars  in  cooling  has 
been  applied  successfully  to  restore  to  the  proper  position  buildings 
which  had  been  about  to  fall,  and  the  rate  of  expansion  has  also,  as 
in  the  pyrometers  of  Daniell  and  others,  served  as  a  useful  meas- 
ure of  high  temperatures ;  on  the  other  hand,  by  the  alternate  ex- 
pansions and  contractions,  under  the  successive  influence  of  win- 
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ters  and  summei's,  of  tlie  metallic  bars  wliich  had  imprudently  boeii 
laid  in  the  masonry  of  some  important  public  buildings,  with  the 
idea  of  giving  additional  security,  the  cowrses  of  stone  or  brick 
have  been  loosened  from  one  another,  and  reconstruction  rendered 
necessary,  in  order  to  prevent  their  being  gradually  pulled  to  pieces. 
In  estimating  the  amount  of  expansion  of  a  solid  body,  the  great 
diiEculty  is  the  accurate  measurement  of  the  small  increase  in 
leng;th  which  takes  place.  For  this  purpose,  a  great  variety  of  me- 
chanical arrangements  have  been  constructed.  As  they  are  all  in 
principle  the  same,  and  the  detailed  description  of  any  exact  form 
would  occupy  too  much  space,  it  will  be  sufficient  to  notice  one, 
■'  ■  '  which  very  accurate  numbers  may  be 
e  a  very  satisfactory  idea  of  their  gen- 
eral construction:  a 
b  is  the  bar  of  which 
the  expansion  is  to 
be  determined;  it  is 
fiatened  securely  at 
the  extiemity  a,  and 
a  groove 
along  which  it  is  free 
IS  in  the 
This  end  of 
■  at  b  presses 
against  a  rod  c,  which 
IS  a  lever  of  the  sec- 
ond order,  very  near 
the  fulcrum,  and  this 
transiei*  its  motion 
to  the  end  of  the  lev- 
er, increased  m  the  proportion  of  the  distanci.  Phia  lever  acts  on 
another  similar  one,  d  the  extremity  oi  whit^h  serves  is  an  index 
on  the  graduated  cin,u!ar  aic  e,  by  which  the  amount  of  expansion 
IS  re  id  off  Thus,  if  the  acting  lengths  of  the  arms  of  the  levers 
are  respectively  1  and  20,  and  the  end  of  the  bar  «  at  i  moves 
T^JTT  "^f  ^^  inch,  the  end  of  the  index  d  wiJl  move  on  the  scale  e 


20xao 


L,  a  space  capable  of  bei 


r  divided 


through  -jjjj— ,„  of  , 

by  a  microscope  and  vernier  into  200  measurable  spaces,  sO  that  an 
expansion  of  the  two  hundred  thousandth  of  an  inch  can  be  accu- 
rately determined.  For  a  popular  illustration,  the  source  of  heat 
may  be  lamps,  as  in  the  figure ;  but  for  accurate  experiments,  the 
bar  is  completely  immersed  in  a  bath  of  oil  or  water,  and  the  tem- 
perature ascertained  by  a  suitable  arrangement  of  thermometers. 
The  most  important  results  thus  obtained  are  the  following.  The  temperature 
'  '  ■  "  e  increase  in  length  of  a  bar  of 


(1  from  33°  I 


Copper 
Soft  ii-on 


Steel     . 
Goid     . 


1  length  is  called  the  linear  dilatation  of  a  sub 
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stance,  I  ut  its  increase  of  volume  is  called  llie  cubical  dilatation, 
and  is  three  times  the  former.  Thus  the  cubical  dilatation  of  glass 
is  y^5,  or  y^j.  Hence  a  glass  ball  which  holds  i28  niGasures  at 
32°,  becomes  capable  of  holding  429  at  212^ ;  or  if  it  hold  10-000  at 
32%  it  holds  10-023  at  212°.  In  this  manner  the  correction  for  the 
espansion  of  glass  is  in  all  cases  made.  But  it  is  necessary  to  ap- 
ply the  amount  of  expansion  belonging  to  the  particular  sort  of 
glass;  thus,  in  the  account  of  the  thermometer  in  page  51,  the 
cubic  dilatation  of  glass  was  taken,  not  as  10-023,  but  10-026. 

[The  reason  that  the  cubic  dilatation  ina3'  be  taken  as  cgua!  to  three  Ciines  the 
linear,  without  sensible  error,  is  due  to  the  circumBtance  that  the  linear  dilatation 
is  always  a  small  fraotjon  of  the  primitive  length.  If  l-f  i  represent  the  dilated 
length,  (1+0%  ot  1+3  (-J-3  f+l'  will  be  the  true  volume ;  but  as  i  is  a  small 
fraction,  its  triple  square  aod  cube  may  be  neglected.] 

Althougli  it  is  abundantly  proved  that  solid  bodies  expand  more  rapidly  at  high 
tJiati  at  low  temperatures,  yet,  except  in  the  ease  of  a«me  particular  substances,  as 
glass,  u«n,  and  platinum,  whose  utility  as  measurers  of  heat  rendered  a  knowledge 
oftbelawof  their  expansion  necessary,  the  subject  has  been  little  examined;  the 
degree  to  which  the  rate  of  expansion  is  affected  by  tempeiaiiire  will  be  sufficiently 
shown  in  the  table  which  follows.  At  the  temperature  of  Si2°  Fahrenheit,  as  giVen 
by  an  air  thermometer,  the  dilatation  for  one  degree  is  thus,  for 


while  at  572"  of  Fahrenheit  it  becomes,  for 


rgj^irliTiaTulTn^TTiaTJ 


Platinum  expands  tlius  the  most  regularly  of  those  bodies,  and  shouTd,  tliercfurc,  be 
best  fitted  for  3  metallic  thermometer. 

It  is  remarkable  that  the  rate  of  expansion  is  not  increased  by 
rise  of  temperature  for  all  solid  bodies,  but,  on  the  contrary,  in 
some  cases  there  exists,  for  solids  as  for  liquids,  a  point  of  maxi- 
mum density,  60  that  the  body  shall  expand  whether  it  be  cooled 
or  heated  from  that  degree.  This  is  peculiarly  the  case  in  Rose's 
fusible  metal,  which  has  been  so  often  mentioned  as  a  means  of  ap- 
plying a  steady  heat.  When  heated  from  32"  to  IIP,  this  metallic 
alloy  increases  in  volume  from  100-000  to  100-830  parts,  but  there 
the  expansion  stops,  and  when  farther  heated  it  contracts,  until, 
when  at  156°,  the  volume  is  only  99'291,  beinw  less  than  at  32= 
By  a  farther  rise  of  tempeiatHre  it  again  expands,  and  at  178"  is  at 
its  original  volume  of  100-000,  and  continues  expanding  until,  being 
100-862  at  201°,  almost  exactly  what  it  had  been  at  111",  it  begins 
to  melt.  It  is  curious  that  it  has  no  point  of  maximum  density 
when  in  the  liquid  state. 

The  different  rates  of  expansion  of  different  solid  bodies  are  aub- 
servient  to  some  very  important  uses  in  the  arts  and  in  scientific 
research.  Thus,  the  difference  between  the  expansibilities  of  plati- 
num and  brass,  or  any  other  two  metals  which  differ  much,  may  be 
used  as  a  very  delicate  thermometric  means.     If  we  take  a  flat  rule 
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of  platinum  exactly  ten  inches  long  at  32^,  and  lay  it  on  a  similar 
rule  of  brass,  to  which  it  is  (irmly  screwed  at  one  extremity,  E\nd 
on  which,  at  the  free  end,  there  is  engraved  a  scale  of  parts  of  an 
inch  for  a  small  space,  the  compound  rule  will  serve  as  a  thermom- 
eter. For  the  two  rules  being  exactly  of  the  same  length  at  32",  if 
we  place  them,  fastened  together,  in  boiling  water,  the  brass  rule 
will  be  elongated  by  0-019,  while  the  platina  rule  wiJ!  expand  only 
through  0'009  ;  hence  the  end  of  the  brass  rule  will  project  beyond 
the  platina  rule  by  0-010  of  an  inch  ;  and  as  the  expansion  is  uniform 
for  these  moderate  temperatures,  each  degcee  of  Fahreoheit's  scale 
will  be  indicated  on  the  scale  of  the  brass  rule  by  ^^^jj^  of 
an  inch.  In  this  form  the  spaces  would  be  too  minute  to  be  easily 
.determined;  hut  by  modifying  the  form,  and  connecting  the  rules 
through  their  whole  length,  the  beautiful  metallic  thermometer  of 
Breguet  has  been  invented.  Its  principle  ia  as  follows  :  if  the  two 
rules  be  soldered  completely  together,  as  in  a,  in  place  of  being  con- 
nected only  at  a  single  point,  the  result  of  the  unequal  expansion  is 
to  bend  the  bar,  as  m  b,  until,  the  moat  expansible  metal  being  on 

„ the  outside,  it  forms  an  arch  longer  than  that 

formed  by  the  inside  riile,  by  the  difference 
g  of  their  expansions.     If  the  compound  bar  be 
already  bent  into  a  circle,  the  ends  of  which 
e  not  opposed,  the  effect  of  the  expansion  is  to  make  these  edges 


project,  •■ 
number  of  s 
siderable 


ill  the  diameter  of  the  circle ;  by  having  a 
the  expansion  of  all  being  added  together, 
motion  is  produced  in  the  extremity.     In 
the  thermometer  of  Breguet  there  is  such  a 
compound  spiral  b,  b,  fastened  at  the  upper  end, 
and  having  attached  to  its  lower  extremity  an 
index,  e,  which  moves  round  a  dial,  d,  d,  and 
indicates  the  temperature  of  the   instrument. 
On  this  relative  expansion  ia  also  founded  the 
construction  of  the  compound  pendulum.     A 
metallic  bar,  when  used,  as  in  an  ordinary  clock, 
to  measure  time  by  its  vibrations,  being  con- 
stantly changing  in  length  according  as  the  ex- 
n  ternal  temperature  varies,  affects  the  rate  of  the 
-J  clock,  making  it  go  too  fast  or  too  slow  by  its 
Ration.     This  is  corrected  by  having  two  or  more 
if  which  the  vibrating  length  of  the 


shortening;  or  elon 
bars,  by  the  expar 

pendulum  is  increased,  while  by  the  expansion  of  the  other  it  is 
just  as  much  shortened  ;  the  consequence  of  this  opposing  action 
is,  that  the  pendulum  remains  indifferent  to  all  changes  of  temper- 
ature, and  the  clock  becomes  an  exact  measure  of  time  at  all  sea- 


SECTION  II. 


It  is  now  necessary  to  examine  into  the  quantity  of  heat  which 
each  substance  requires  to  raise  its  temperature  a  certain  number 
of  degrees ;  for,  although  it  be  quite  impossible  to  assign  the  absolute 
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proportion,  yet,  Ijy  obtaining  the  relative  proportions,  we  may  arrive 
at  results  which  may  serve  to  characterize  those  eubstances,  and 
may,  as  shaJl  be  hereafter  shown,  lead  us  to  important  views  of  the 
relations  between  their  physica)  and  chemical  constitution.  The  rel- 
ative quantity  of  heat  necessary  to  laise  the  tempeiatuie  oi  any 
body  through  a  certain  number  of  degiees,  as  ten,  loi  c\ample,  le 
termed  its  specific  heal. 

If  we  take  a  pint  of  water  at  150  ,  and  another  pint  of  natei  at 
50',  and  mix  them  well  in  a  very  thin  \essel,  the  teinpeinture  of 
the  mixture  is  found  to  be,  if  we  allow  for  some  sources  of  ei- 
ror  to  which  this  process  is  exposed,  exactly  100'.  Thus  the  one 
part  of  the  water  has  transferred  to  the  other  a  quantity  of  heat 
sufficient  to  raise  its  temperature  50' ;  and  whether  this  addition  was 
from  50 'to  100',  or  from  100"  to  150,  the  result  was  the  same.  In' 
water,  therefore,  the  specific  heat  does  not  change  within  these 
limits ;  but  it  will  be  found  that  in  high  temperatures  a  trifling  in- 
crease does  occur ;  for  the  present  purpose,  however,  it  may  be  neg- 
lected. If,  now,  a  pint  of  water  be  taken  at  150°  as  before,  and  ii 
pint  of  meicury  at  50',  and  they  be  well  and  rapidly  mixed  together 
wntil  both-have  attained  the  same  temperature,  this  will  be  found  to 
be  118°.  The  mercury  here  rises  from  50'  to  118',  through  68-*, 
while  the  water  cools  only  through  32',  or  not  quite  half  as  much, 
so  that  the  same  quantity  of  heat  can  raise  the  temperature  of  mer- 
cury through  twice  as  many  degrees  as  that  of  water. 

Taking  thus  equal  volumes,  the  specific  heats  of  water  and  mer- 
cury are  as  68  :  32 ;  or  water  being  adopted  as  the  standard  for 
liquid  and  solid  bodies,  and  its  specific  heat  taken  as  1,  the  specific 
heat  of  mercury  is  0-47  nearly.  Such  bodies  ore,  however,  gener- 
ally taken,  not  in  equal  volumes,  but  in  equal  weights,  and  hence 
it  is  necessary  to  divide  the  0-47  by  13-5,  the  specific  gravity  of  mer- 
cury, and'thus  there  is  obtained  0'035,  its  specific  heat. 

The  process  now  given  is  known  as  the  method  of  mixtures,  and 
has  been  selected  for  example,  as  that  by  which  the  moaning  of  the 
term  specific  heat  is  best  explained ;  but  it  is  not  the  only  one,  nor 
even,  perhaps,  the  best,  by  which  specific  heat  may  be  determined. 
The  sources  of  error  are,  that  a  certain  qnantity  of  heat  is  absorbed 
by  the  vessel  in  which  the  mixture  is  made,  and  that,  as  the  mixture 
requires  some  time  to  make,  a  certain  loss  occurs  by  the  cooling 
power  of  the  air.  But  it  is,  however,  in  skilful  hands,  capable  of  ex- 
ceeding accuracy ;  and, with  the  recent  improvementsthat  have  been 
made  in  its  details  by  Regnauit,  it  has  yielded  resuTts  of  the  highest 
value  to  science.  The  various  forms  of  apparatus  nsed  in  such  ex- 
periments need  not  be  described.  For  the  use-.pf.  the  method  of 
mixtures,  it  is  not  necessary  that  the  two  bodies  should  be  liquid. 
Thus,  if  a  pound  of  pure  copper  in  a  bar  be  heated  in  an  oil  bath  to 
300^,  and  be  then  immersed  in  a  pound  of  water  at  50',  the  copper 
will  give  out  its  excess  of  heat  to  the  water,  and  both  will  arrive  at 
a  temperature  of  72'-  The  copper.has  therefore  lost  228",  and  the 
water  has  gained  22^,  and  the  specific  heats  being  inversely  as  these 
Qiimbers,  that  of  copper  is  found  thus  to  be  5^5=0-096,  water  being 
I '000. 
One  process  employed  by  Dulong  and  Petit  consisted  in  heating 
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to  the  same  degree  the  bodies  to  be  tried,  and  allowing  them  to  cool 
exactly  under  the  same  circumstances.  It  is  evident  that,  jf  we  know 
exnctly  the  rate  at  which  a  body  cools,  and  the  time  which  it  takes  to 
cool,  we  can  calculate  exactly  how  much  heat  it  parts  with.  Thus, 
if  we  have  two  bodies  heated  to  300%  and  circumstanced  in  all  re- 
spects alike,  one  requires  15  minutes  to  cool  to  50'',  and  the  other 
25,  the  latter  will  have  parted  with  more  heat,  in  the  proportion  of 
25  to  15,  and  the  specific  heat  is  expressed  by  the  quantity  of  beat 
the  body  gives  out  in  cooling.  Hence  those  substances  which  have 
high  specific  heats  require  more  lime  to  heat  or  cool,  through  a  cer- 
tain number  of  degrees,  thaii  those  bodies  whose  specific  heat  is  less. 
It  was  by  a  process  of  this  kind  that  the  relative  specific  heats  of 
bodies  was  first  discovered.  Boerhaave  having  remarked  that,  when 
two  thin  glass  vessels,  containing,  one  a  pound  of  water  and  the 
other  a  pound  of  mercury,  were  equally  exposed  to  'the  heal  at  the 
front  of  a  strong  fire,  the  temperature  of  the  mercury  rose  much 
more  rapidly  than  that  of  the  water,  and  that  it  attained  its  greatest 
degree  in  one  half  of  the  time  which  the  water  required  j  and  also, 
when  both,  equally  hot,  were  removed  fvom  the  fire,  the  mercury 
cooled  twice  as  fast.  For  accurate  purposes,  hovvever,  there  are 
many  precautions  necessary  in  order  to  place  the  substances  under 
the  same  conditions,  so  as  to  render  the  rapidity  of  cooling  depend 
ant  only  on  their  different  specific  heats ;  thus,  equal  weights  of 
the  difiereiit  bodies  are  placed  in  the  same  thin  polished  silver  ves- 
sel, so  tfiat  their  externa!  surface  may  be  the  same  in  extent  and  na- 
ture, and  this  vessel  cools  in  an  exhausted  receiver  in  order  that 
there  may  be  no  loss  of  heat  from  contact  with  the  external  air. 
The  internal  surface  of  the  receiver  must  also  be  ahvays  in  the  same 
state,  that  the  heat  given  out  may  pass  off  in  all  cases  witli  equal 
facility. 

An  extensive  series  of  reseurches  on  the  specific  heats  of  bodies,  conducted  by 
the  iJluatrious  associates  Lavoisier  and  Laplace,  has  been  found  on  repetition  to 
Lave  been  rendered  useless  by  the  imperfections  of  the  apparatus  they  employed ; 
it  was  termed  the  Calorimeter,  and  consisted  of  a  vessel  containing  ice,  in  the  centre 
of  which  the  heated  body  was  placed,  and  tite  quantity  of  heat  this  gave  out  in 
cooling  was  measured  by  Che  quantity  of  ice  which  wus  melted  into  water.  Ontside 
there  was  another  ease  of  ice  to  defend  the  instrument  from  the  action  of  the  air. 
It  was  found  in  practice  impoaaible  to  collect  al!  Uie  water.  A  quantity  remained 
infiltrated  among  the  ice,  some  solidified  in  one  part  of  the  vessel  alter  tuiving  been 
melted  in  another,  and.  consequently,  the  nnmbers  given  by  two  of  the  greatest  men 
that  have  ever  been  attached  to  science  must  be  considered  as  quite  without  au- 
thority. In  cases,  however,  where  the  quantity  of  heat  was  very  large,  as  when 
the  Calorimeter  was  employed  to  determine  the  quantity  of  heat  produced  in  com- 
buslioti,  these  sources  of  error  became  less  influential,  and  such  results  will  be  util- 
ized in  a  future  ch^))ter. 

The  specific  heals  of  a  number  of  the  most  important  solid  and 
liquid  bodies,  determined  by  such  methods,  are  given  in  the  follow- 
ing table : 

Water =1000  Iron =0114 

Ether    .     .     .-    .  '.     .  =0-53l)  Copper =(l  095 

Alcohol =oefiO  Lead =0  031 

Sulphuric  acid     .    ,     .  =0333  "  Gold =0  033 

Nitric  acid      ....  =0442  Antimony  .■...,  =0051 

Sulphur =0-303  Tin =0  056 

Carbon =0  241  Iodine =0  054 

Mercury ::tO  033  Phosphorus    .    .     .     .=0  188 
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Glass    .... 

.  =0177 

Calomel     .     .     . 

.     .  =0041 

.  — 0-S35 

Nitrate  of  soda   . 

.  -0340 

Limo     .... 

.   =0  S05 

Magnesia  .    .    . 

.  =0-376 

Arsenic =0081 

Platinum =0033 

SUver =0057 

Zinc =0095 

Tellurium =0  051 

Nickel =0-109 

Cobalt =0-10T 

The  numbers  given  are  generally  those  lately  obtained  by  Eeg- 
nauit. 

Tlie  specific  heats  of  bodies  are  not  the  same  at  all  temperatures  j 
thus  Dulong  and  Petit  have  found  that  the  specific  heats,  calculat'jd 
from  the  change  of  temperiture  from  32^  to  212-',  and  from  32=  lo 
5^2\  difler,  as  m  the  following  table 


0  0330 

0  0350 

0  0937 

0  1016 

00507 

00549 

0  0557 

00611 

0  0149 

01013 

0  0355 

00397 

0  1770 

0  1900 

Ir  [> 

01098 

0  1S18 

The  specific  heat  increases,  therefore,  with  the  temperature,  and 
Nauman  and  Eegnault  have  found  that  this  holds,  even  with  water  ; 
for,  according  to  their  experiments,  the  specific  heat  of  water  at  32^ 
being  I'OOO,  that  water  at  212^  is  I-OIO,  consequently  the  equal  dis- 
tribution of  heat  between  warm  and  cold  wafer,  which  was  described 
at  the  commencement  of  this  section,  does  not  exactly  hold  ;  the 
temperature  of  the  mixture  should  be  a  very  little  above  the  mean. 
This  was,  however,  omitted,  in  ordernot  to  complicate  the  account 
of  that  manner  of  finding  the  specific  heats. 

The  specific  heats  of  bodies  are  connected  very  i 
their  chemical  and  molecular  constitution,  although  h 
able  to  trace  the  exact  cause  of  this  connexio 
discovery  of  such  connexion  was  the  most  remarkable  result  of  the 
experiments  of  Dalong,  and  it  may  be  expressed  as  follows.  If  w 
take  the  specific  heats  of  any  of  the  bodies  given  in  the  table,  am 
divide  by  each  of  them  the  number  3-1,  we  obtain  a  series  of  num 
bers  which  are  found  to  be  either  those  which  shall  be  hcreafte 
described  as  the  chemical  equivalents  of  the  bodies,  or  to  stand  ii 
some  remarkably  simple  relation  to  those  equivalents,  thus : 


alely  with 
:s  forms.     The 


^„,^ 

Sp.HBl 

S^K^ 

E,S"cni 

Lead.     .     .    . 

0  031 
0056 
0-005 

1000 
56-4 
33  6 

1036 
57-9 
833 

Biamulh .     .     . 

0  030 

iOO-7 

7iO 

Carbon    .     .     . 

U-S4 

13  9 

6-1 

Phos|ihorDS      . 
Silver      .     .     . 

0-064 
0057 

67-4 

166 
54-4 

130-3 
314 
108- 

In  the  first  division  of  this  table,  the  quotient  is  si 
true  equivalent  as  sufficiently  to  show  that,  were  it  n 
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avoidable  errors  of  esperimeut,  they  would  coincide.  In  bismuth 
the  result  is  1^  times  the  true  equivalent.  In  carbon  it  is  double 
the  true  equivalent.  In  iodine,  in  phosphorus,  and  in  silver,  it  is 
one  half.  Each  of  these  illustrations  might  be  mucb  extended,  their 
numbers  being  only  intended  as  examples  of  the  fact. 

The  above  are  all  simple  bodies  ;  but  Wauman  and  Avogadro  have 
shown,  that  also  in  compound  bodies  this  connexion  between  the 
equi\'alent  number  and  the  specific  heat  exists,  although  the  connect- 
ing' dividend  is  no  longer  3'1,  but  is  a  different  number  for  each 
class  of  bodies. 

Thus,  for  the  following  carbonates,  the  specific  heats  being  made 
the  divisors  of  the  number  10-i,  there  is— 


S,^«.c.. 

Bp,H«.. 

^THsrr 

e,:;:l,. 

Carbonate  of  lime.    . 
Carbonate  of  iron  .    . 
Carbonate  of  zinc  .    . 
Magnesian  limestone . 

01813 
01713 
0-2181 

6U-7 
481 

ao-e 

63-4 
46-7 

For  certain  sulphates  the  number  is  12-4     Thus : 


S-tal,.™.                       jSp.H^ 

E,«:,.i™i. 

Sulphate  of  barytes     . 
Sulphate  of  strontia    . 
Sulphate  of  lime     .     . 

01300 
O'lSSi 

668 

91-9 
68-6 

For  a  number  of  metallic  oxides,  the  constant  a 
Thus: 


S.b..„«. 

^,H«t. 

^L 

Eq,iL«|,.t, 

Magnesia      .... 
Red  oxide  of  mercury 
Oxide  of  zinc    .     .     . 
Oxide  of  copper     .     . 

0-376 
0  049 

0'137 

19.6 

40,9 
39-4 

109-4 
40-3 
39-6 

The  relation  between  the  specific  heats  of  bodies  and  their  chem 
ical  equivalents  is  thus  remarkably  shown  to  extend  not  merely  to 
the  simple  substances,  but  even  to  saline  bodies,  and  indicates  a  con- 
nexion between  the  chemical  equivalents  and  the  molecules  upon 
which  the  heat  exerts  its  action,  of  an  Intimate  description.  In  fact, 
the  specific  heat  of  a  certain  weight  of  anybody  is  thus  shown  to  be 
proportional  to  the  number  of  chemically  equivalent  masses  contain- 
ed in  that  weight ;  and  the  constant  numbers,  -which  were  divided 
by  the  specific  heats,  are  the  specific  heats  of  the  ultimate  chemi- 
cally equivalent  particles.  Thus,  the  specific  heat  of  chemical  miole- 
cules  of  zinc,  of  lead,  and  tin,  is  3'1 ;  that  of  the  oxides  of  zinc,  of 
copper,  and  of  mercury,  5*4  ;  the  specific  heat  of  the  chemical  atom 
or  ultimate  particle  of  carbonate  of  lime  or  of  zinc,  10-4  ;  and  that  of 
the  sulphates  of  barytes,  strontia,  and  lime,  12'4  Attempts  have  been 
made  to  connect  these  constants  together,  but  without  good  found- 
ation; for  5'4  and  12'4,  although  nearly  the  double  and  quadruple 
of  3-1,  are  yet  too  far  removed  to  show  any  necessary  connexion, 
and  10'4  is  completely  out  of  the  series  of  3'1,  though  nearly  the 
double  of  5-4. 

I  shall  have  occasion  U>  discuss  this  remarkable  relation  between  the  physical  and 
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chemical  characters  of  these  bodies  when  I  ci 
of  cheraical  combination  in  their  full  extent, 
are  suflinieiit. 

It  is  not  likely  that  any  law  connecting  the  specific  heats  of  dif- 
ferent bodies  can  be  obtained  perfectly  consisteet,  for  the  various 
bodies  necessary  cannot  be  examined  exactly  in  the  same  state 
Regnault  has  well  observed,  that  the  quantity  of  heat  which  we 
measure  as  specific  heat  consists  of  several  difierent  portions  :  1st, 
the  true  specific  heat ;  2d,  the  heat  which  produces  dilatation ;  3d, 
the  heat  which  causes  the  rise  of  temperature  ;  and,  4th,  when  a 
solid  is  near  its  fusing  point,  the  quantity  employed  in  giving  the 
softness  and  ductility,  which  most  bodies  at  certain  temperatures  ac- 
quire. These  last  three  portions  being  very  small,  do  not  conceal 
the  law  by  which  the  true  specific  heat  is  regulated  ;  but  they  influ- 
ence it  so  far  as  to  prevent  the  law  from  being  verified  in  its  nu- 
merical results  with  the  accuracy  which  otherwise  might  have  been 
obtained. 

When  bodies  combine  chemically,  there  is  generally  found  to  be 
a  diminution  of  specific  heat ;  and  it  has  been  attempted  to  account 
thereby  for  the  rise  of  temperatme,  by  which  combination  is  in  most 
cases  accompanied.  Thus,  the  specific  heat  of  sulphuric  acid  ie 
0*33  ;.and  when,  mixed  with  an  equal  weight  of  water,  the  specific 
heat  of  the  mixtures  should  be,  were  there  no  action,  i^=U,665; 
but  the  true  specific  heat  of  the  combined  acid  and  water  is  found 
to  be  only  0-5S7.  The  excess,  therefore,  0-665— 0-587=0-078,  be- 
comes free,  and  shows  itself  by  raising  the  temperature  of  the  mix- 
ture ;  and,  accordingly,  on  mixing  together  sulphuric  acid  and  water, 
it  is  well  known  that  atemperature  higher  than  that  of  boiling  water 
may  be  produced.  It  was  even  supposed  at  one  time,  when  heal 
was  looked  upon  as  being  a  positive  substance  which  combined  with 
bodies  in  different  proportions,  that  the  absolute  quantity  of  heal 
which  a  body  contained  might  be  determined  by  such  an  experi- 
ment, thus :  if  the  rise  of  temperature  produced  hy  0.078  of  heat 
becoming  free  is  expressed  by  180^  above  32%  then  the  quantity  of 
heat  ivhich  stays  behind  must  be  greater  than  that  in  the  proportion 
of  587  to  78  ;  and  hence  is  equivalent  to  ^  180=  1335^ :  and  thus,  at 
the  temperature  of — 1303^  of  Fahrenheit's  scale,  a  bod5'  should  con- 
tain no  heat  at  ail ;  it  shonld  be  the  absolute  zero.  But  no  two  such 
experiments,  with  different  bodies,  ever  gave  the  same  result :  and 
it  is  evident,  from  the  fact  of  the  specific  heat  diminishing  as  the 
temperature  sinks,  that  the  term  at  which  the  two  quantities  should 
vanish  must  be  infinitely  femote,  and  that  there  is  no  such  thing  as 
an  absolute  zero  at  all.  ,  In  fact,  the  physical  existence  of  an  abso 
lute  zero  is  inconsistent  with  the  more  accurate  ideas  of  the  nature 
of  heat,  which  modern  investigation  has  suggested. 

The  development  of  heat,  in  chemical  combination,  is  also  only 
in  some  cases  accompanied  by  u  diminution  of  specific  heat ;  in  at 
least  as  many  it  is,  on  the  contrary,  remarkably  augmented. 

The  specific  heat  of  gases  and  vapours  has  obtained  considerable 
attention;  andyet,  from  the  extreme  delicacy  of  the  processes  neces- 
sary, and  the  small  quantity  of  material  which  can  be  operated  on, 
the  results  hitherto  obtained  have  not  acquired  that  degree  of  posi- 
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reader  repelition  unnecessary.     The 

^      .   ^ n  this  department  have  been  Delaroehe  and 

Berard,  Delarive  and  Marcet,  Haycvaft,  Dulong,  and,  lattecly,  Apjohn 
and  Snerman. 

The  method  adopted  by  Haycraft,  and  by  Delaroehe  and  Beratd, 
c  jnsisted  in  heating  a  quantity  of  gas  to  a  certain  temperature,  and 
then,  by  passing  it  through  a  tube  in  a  vessel  of  water,  determining 
how  much  it  raised  the  temperature  of  the  water  in  being  cooled 
through  a  certain  number  of  degrees.  In  principle,  this  mode  is 
perfect ;  but  the  extreme  accuracy  necessary  in  the  management  of 
the  apparatus  does  not  appear  to  have  been  attained  by  Haycraft : 
and  Delaroehe  and  Berard  deprived  their  results  of  most  of  their 
value  by  the  oversight  of  using  the  gases  in  a  damp  state.  The  pro- 
cess of  Delarive  and  Marcet  was  not  such  as  could  lead  to  results 
wortliy  of  much  confidence.  A  g!ass  globe  full  of  gas,  to  which 
was  attached  a  thermometer,  with  the  bulb  exactly  in  the  centre, 
was  plunged  into  a  vessel  of  hot  water,  in  the  expectation  that  the 
time  occupied  by  each  gas,  in  having  its  temperature  raised  a  cer- 
tain number  of  degrees,  would  be  proportional  to  the  specific  heat 
nnder  a  constant  volume.  But  the  communication  of  the  heat 
would  be  so  much  and  so  variously  affected  by  currents,  according 
to  the  density  of  the  gas  and  the  quantity  of  heat  absorbed  by  the 
gas,  so  trifling  in  comparison  to  that  which  would  be  required  to 
heat  the  globe,  that  the  amount  of  liability  to  error  was  very  great. 
The  process  employed  by  Dulong  was  very  beautiful  in  principle, 
and  calculated  to  give  experimental  results  of  great  accuracy.  It 
consisted  in  determining  the  velocity  bf  sound  in  each  gas,  which 
was  measured  by  finding  the  note  the  same  organ-pipe  gave  with 
each :  from  this,  by  very  ingenious  methods,  which,  however, 
need  not  here  be  introduced,  farther  than  that  the  gases  with  higher 
specific  heats  give  more  acute  tones,  he  calculated  the  specific  heats. 
The  calculations  were,  however,  based  on  certain  other  principles, 
which  are  not  necessarily  true. 

The  method  contrived  by  Apjohn  is  that  which  appears  to  be  the 
best  calculated  to  give  accurate  results,  and  those  which  he  obtained 
have  been  verified  by  the  experiments  of  Suerman. 

Apjohn'a  method  cannot  be  completely  described  until  we  come  to  speak  of  the 
latent  heat  of  vapours  and  their  relation  to  space ;  but  the  general  principle  of  it  is, 
that  if  several  gases  be  employed  to  convert  a  certain  quantity  of  water  into  vapour, 
the  gases  will  be  cooled  thereby  in  inverse  proportion  to  their  specific  heats.  'Fhus, 
if  one  gas  have  double  the  specific  heat  of  another,  it  will  saturate  itself  with  va- 
pour by  cooling  through  only  half  the  number  of  degrees  necessary  for  that  with 
the  less  specific  heat ;  and  thus,  by  measurmg  sunply  the  cooling  power  of  each 
gas,  the  specific  heat  may  be  calculated. 

The  numbers  obtained  by  Delaroehe  and  Berard,  by  Dulong  and  by  Apjohn,  for 
the  specific  heats  of  the  gases  in  equal  volumes,  are  given  in  the  following  table  ■ 


Gu«.                      [^pi^hn 

DckrKh. 

Di.io..e. 

Nitrogen 

Oxygen 

Hydrogen     .... 
Carbonic  acid    .     .    . 
Carbonic  oxide  .     .    . 
Nitrous  oxide    .     .     . 

lUOU 
1-048 

■808 
1-459 
1-195 

-996 
I  193 

1-000 
1-006 
-976 
■900 

1034 
1-350 

1000 
1-000 
1-000 
1-300 
1172 
1000 
1-159 
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These  rmrabers  show  the  diveraitj  which  exists  among  even  the  best  expen 
menters ;  and  they  also  show  that  the  different  gases  follgw  no  simple  law  regaid- 
ing  their  specilic  heaCa.  The  principle  laid  down  by  Haycraft,  Delarive,  and  Marcet, 
that  in  equal  volumes  all  gases  have  the  same  sj)ecilic  heat,  is  thus  shown,  by  the 
combined  evidence  of  all  the  best  results,  to  be  totally  unfounded. 

It  is  sometimes  necessary  to  compare  the  specific  lieats  of  gasca 
with  that  of  water ;  this  being  1-000,  that  of  air  is  0-267  for  equal 
weights,  and  so  on  for  the  other  gases  in  proportion. 

We  do  not  Itnow  the  specific  heats  of  many  bodies  in  the  state 
of  vapour.  For  watery  vapour,  however,  it  is  found  to  he  0'847, 
water  being  1-000,  or  3-172,  air  being  1-000,  for  equal  weights. 
Water  is  thus  the  only  substance  of  which  we  know  the  specific 
heat  in  the  three  states  of  aggregation,  that  of  ice  being  -900,  water 
1*000,  and  steam  -847,  for  equal  weights. 

When  the  volume  of  a  gas  or  of  a  vapour  increases,  its  specific 
heat  increases  also,  and  vice  versa.  Hence,  when  air  is  suddenly 
condensed,  so  much  heat  is  evolved  that  tinder  may  be  lighted,  and 
the  barrel  of  a  condensing  syringe  may  become  too  hot  to  hold ; 
thus,  also,  in  some  kinds  of  machinery  where  air  suddenly  expands, 
so  great  a  degree  of  cold  is  produced  that  wafer  may  he  frozen. 

The  exact  degree  of  connexion  between  the  amount  ef  expansion 
of  the  gas  and  the  increase,  or  of  condensation  and  the  diminution 


^jccific  heat,  has  not  been  ascertained.  They  are  not  propor- 
tional ;  that  is  to  say,  when  the  volume  of  a  gas  is  doubled,  its  spe- 
cific heat  is  not  doubled,  and  vice  versa;  and  yet  it  would  appear 
that  it  does  not  fall  much  below  that  ra,tio. 

SECTION  III. 
OF   LI QUEF ACTION. 

It  has  already  been  frequently  explained,  thai  by  the  application 
of  heat  to  a  solid  body,  it  commences,  when  its  temperature  has 
risen  to  a  certain  degree,  to  become  liquid,  and  that  this  point,  the 
melting  point  of  such  solid  body,  is  one  of  the  most  determinate 
and  characteristic  of  its  physical  properties.  Accordingly,  the 
melting  point  is  often  used  as  a  means  of  distinguishing  ana  recog- 
nising substances  otherwise  very  similar  in  properties ;  as,  for  ex- 
ample, the  numerous  fatty  acids  can  scarcely  be  otherwise  distin- 
guished from  each  other,  exclusive  of  analysis,  than  by  the  tem- 
peratures at  which  they  melt.  There  has  been  already  given  a  list 
of  the  melting  points  of  a  number  of  solid  bodies,  and,  in  the  his- 
tory of  each  individual  substance,  its  fusibility  will  be  described. 

The  change  from  the  solid  to  the  liquid  state  is  accompanied, 
however,  by  a  phenomenon  difiering  from  any  yet  described,  and 
deserving  of  great  atfention  fs^om  the  important  consccjuences  which 
flow  from  it.  It  is,  that  at  the  moment  of  liquefaction  a  very  large 
quantity  of  heat  ia  absorbed,  combining,  as  it  were,  with  the  solid 
to  form  the  liquid  body,  and  after  combination  being  insensible  to 
the  thermometer,  and  having  thence  obtained  the  name  of  lalent  heat. 
A  pound  of  water  at  32"  and  a  pound  of  ice  at  32'  give  on  the 
thermometer  precisely  the  same  degree,  and  yet,  independent  of  all 
consideiations  of  specific  heat  discussed  in  the  last  section,  and 
which  wo  now  lay  aside,  the  water  contains,  in  a  state  of  intimate 
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combination,  a  great  qunntity  of  heat,  by  virtue  of  whicli  it  is  liquid 
water,  afld  by  losing  which  it  would  be  reduced  to  the  state  of  solid 
ice.  In  melting,  therefore,  every  body  renders  latent  a  quantity  of 
heat. 

This  principle  may  be  demonstrated  by  experiments  of  a  very  sim 
pie  kind.  Thus,  if  a  pound  of  ice  be  taken  at  32',  and  added  to  a 
pound  of  water  at  172",  the  ice  dissolves  immediately,  but  the  tem- 
perature of  the  resulting  two  pounds  of  water  is  found  to  be  32' 
There  has  thus  disappeared  a  quantity  of  heat,  which  had  previous- 
ly raised  the  temperature  of  the  water  to  172^,  or  through  140". 
This  heat  has  been  absorbed  by  the  ice  in  becoming;  liquid,  and  ren- 
dered latent ;  and  it  is  therefore  said  that  the  latent  heat  of  liquid 
water  is  HO^.  If  a  vessel  of  water,  at  the  temperature  of  52^,  be 
exposed  freely  to  air  below  the  freezing  point,  it  will  rapidly  cool 
until  it  arrives  at  32^,  but  there  the  lowering  of  the  temperature 
ceases  ;  it  begins  to  freeze,  and,  until  the  entire  mass  is  reduced  to 
solid  ice,  no  loss  of  heat  sensible  to  the  thermometer  is  observed : 
yet  it  must  still  be  giving  out  heat  precisely  as  it  was  when  it  cool- 
ed from  52'  to  32',  this  heat  being,  however,  that  which  gave  to  it 
the  form  of  liquid  water,  and  which  had  been  perfectly  insensible, 
or  latent,  until  the  formation  of  ice  commenced.  If  the  water  had 
taken  ten  minutes  to  cool  from  52°  to  32",  it  will  be  found  to  require 
one  hour  and  ten  minutes  to  become  completely  frozen  ;  and  hence, 
as  in  the  same  time  it  loses  the  same  quantity  of  heat,  the  external 
air  remaining  equally  cold,  the  latent  heat  is  20' X  7^140°,  as  in  the 
former  experiment.  Another  mode  of  verifying  the  result  consists 
in  exposing  a  pound  of  ice  at  32',  and  a  pound  of  water  at  the  same 
temperature,  to  the  same  source  of  heat,  as  on  a  steady  lire,  and  it 
will  be  found  that,  by  the  time  the  ice  has  completely  melted,  the 
temperature  of  the  water  will  have  risen  to  172'. 

Water  is,  of  all  liquids,  that  which  contains  the  greatest  quantity 
of  latent  heat,  and  hence  that  which  changes  from  the  liquid  to  the 
solid  state  most  slowly;  and  inversely,  ice  is  the  solid  which  ab- 
sorbs most  heal,  and  requires  most  time  to  liquefy.  This  property 
of  water  is  of  the  highest  importance  in  the  economy  of  nature, 
for  by  means  of  it  the  change  of  seasons  is  rendered  much  less 
sudden  than  could  otherwise  occur.  If  water  passed  from  32'  to 
31',  and  became  solid  by  losing  only  the  same  quantity  of  heat  as 
it  gives  out  in  cooling  from  33'  to  32^,  the  change  of  seasons  would 
be  so  rapid  and  so  uncertain  as  to  interrupt  almost  entirely  the 
proper  eiiltivation  of  the  soil,  and,  by  the  vicissitudes  of  heat  and 
cold,  become  injurious  to  the  health.  But,  as  these  properties  of 
water  are  now  arranged,  each  particle,  in  freezing,  becomes  a  source 
of  warmth  to  all  around,  and  mitigates  the  severity  of  the  cold; 
there  can  be  but  a  comparatively  small  quantity  of  water  rendered 
solid  i  and  when,  on  the  return  of  a  warmer  season,  a  sudden  lique- 
faction might  prove  equally  injurious,  ice  and  anow,  in  melting,  ab 
sorb  all  excess  of  heat,  and  render  tho  change  gradual,  and  suitable 
to  the  functions  of  those  plants  and  animals  to  which  a  sudden  tran- 
sition might  pr<Jve  fatal. 

We  do  not  know  the  latent  heat  of  many  liquid  bodies,  but  those 
give:i  in  the  following  table  wiU  suffice  to  show  the  remarkable 
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pre-emineiico  of  water  in  that  respect.  The  numhers  are  given  in 
two  cohimns ;  the  first  showing  the  interval  through  which  the 
body  itse]f,  in  its  liquid  form,  would  be  heated  by  the  heat  it  absorbs 
in  melting,  and  the  second  showing  the  interval  through  which 
that  heat  would  elevate  the  temperature  of  an  equal  weight  of  water 
Thus: 

Wate"      'l4o"  .  ' """i40 

Sulphur -.144 2714 

Lead 370 UO 

Zinc     .   , 493 43  3 

Bismuth  ' 650 2335 

in  every  case  a  solid  body  begins  to  melt  at  the  same  temperjture 
Thus,  ice  never  begins  to  melt  until  it  arrives  at  32^,  and  can  never 
.  be  raised  above  32-'  without  melting  ;  consequently,  the  fixed  point 
is  the  melting  point  of  ice,  and  not  the  freezing  point  of  water ;  for, 
if  water  be  cooled  carefully  without  agitation,  its  temperature  may 
be  lowered  easily  to  25°,  and  has  been  reduced  to  15"'  without  so- 
lidifying. This  is  a  phenomenon  like  that  which  has  been  (page  25) 
noticed  in  the  crystallization  of  sulphate  of  soda,  where  the  solution 
may  remain  perfectly  liquid  until  agitated,  and  then  suddenly  crys- 
talhzes  with  the  evolution  of  considerable  heat.  If  water,  so  cooled 
below  32  ,  be  agitated  it  freezes  suddenly  nnd  the  temperature 
rises  to  32  ,  the  latent  heat  of  that  portion  which  freezes  becoming 
sensible  and  thus  warmmg  the  entire  laat'i 

Substances  which  crystallize  eanly  generally  expand  in  solidify- 
jng  and  m  domg  so  exert  great  force  Thus  Hater  is  capable  of 
bwrstinff  the  strongest  ve'.sels  if  they  be  filled  completely  with  it, 
and  tightly  closed  so  as  to  prevent  expansion  otherwise.  It  is  by 
the  agency  of  this  force  that  the  gradual  deterioration  of  the  sur- 
face of  rocka,  and  the  formation  ol  the  soil  on  the  lower  grounds, 
depends,  the  ram  water  being  absorbed  into  the  pores  and  small 
cavities  which  even  the  hardest  jocks  contain,  ind  being  there,  in 
wintei  frozen,  breaks  open  the  substance  ol  the  rock,  and  causes 
It  gradnall)  to  fail  to  powder,  thu=  generating  the  soft  and  porous 
soil  fitted  for  the  reception  and  su'.tenance  of  the  seeds  and  roots 
of  plants  It  IS  also  by  the  action  of  this  force  of  expansion,  exert- 
ed by  man\  bodies  when  thej  crystallize  that  we  are  enabled  to 
take  accurate  copies  of  the  moulds  into  which  such  substances,  in 
the  liquid  state,  are  poured  Cast  iron,  antimonj  and  the  alloy  of 
antimony  used  for  printers'  tjpes,  the  alloy  used  for  stereotype 
plate  ,  brass,  bionze,  and  all  such  bodies,  are  cipable  of  making 
good  castmgs  by  urtue  oi  this  expanding  power |  while  bodies 
which  do  not  distinctlj  crystallize  as  gold  sih  er,  and  copper,  are 
not  capable  of  givmg  accurate  castings,  and  hence  the  coinage  of 
these  metais  is  made  by  stamping  the  nece<isarj  marks  upon  them 
by  means  of  a  i  lolent  blow 

By  the  addition  of  small  quantities  of  salts  or  vegetable  aciila, 
the  freezing  point  of  water  may  be  considerably  lowered :  thus,  sea- 
water  does  not  easily  freeze.  When  such  a  solution  is  brought  to 
solidify,  it  is  pure  Joe  which  first  crystallizes  out.  Thus,  from  a 
strong  solution  of  potash,  ice  has  been  obtained  in  large  six-sided 
prisms;  and  the  ice  mountains  which  form  in  the  Polar  Seas  are 
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found  to  be  almost  completely  fresli.  This  principle  has  been  ap- 
plied also  to  the  concentration  of  vinegur  and  lemoti-juice  by  freez- 
ing, a  large  quantity  of  mere  ice  being  formed  round  the  sides  of 
the  vessel,  and  a  central  cavity  remainin       U  d        h  d 

The  principle  of  latent  heat  has  been     ppl    d         1     p     d 
of  artificial  cold.     For  if  a  solid  body  s  d  I     ly  1  q     li  1 

the  application  of  external  heat,  it  must  ab  f  1  d 

ing  bodies  the  heat  necessary  to  its  Hqi    f  d    h  i 

their  temperature  and  its  own.     Hence,  i  1  1  did 

water  without  any  chemical  combination     h  Id  p     d       d 

Thus,  by  mixing  nitrate  of  ammonia  with         q     I        gl       f 
the  thermometer  sinks  46^ ;  and  carbon  d      ipl  f      da, 

dissolved  in  three  times  thpir  weight  of  dip 

ature,  the  first  16^,  and  the  second  12"'- 

In  many  cases  where,  by  double  dec  mp  1  I  bl 

substances  may  be  formed,  more  powerf  1    fi  p     d       d  by 

mixing  two  salts  together  than  by  either      p  ly      Tl  h 

nitre  nor  sal  ammoniac  produce  much  c  Id    b      wl  d    h  y 

generate  nitrate  of  ammonia,  which  is        y  p  f  1        d  1 

cause  a  reduction  of  40'.     In  other  cas       h         Id  1     f    m 

quantity  of  water  of  crystallization  bei  f  i       dd     1 

liquefying.     Thus,  when  crystallized  sul  I  f      d         did 

in  muriatic  acid,  there'are  formed    bisulph  f      d         1    hi      d 

of  sodium,  with  which  but  i  of  the  quant         f  d 

the  remaininff  ^  being  disengaged,  and     b  f  h 

rounding  bodies  the  heat  necessary  for    h       Iq     f  dp 

the  temperature  through  50^. 

By  using  snow  or  pounded  ice,  freezing  m  f      H 

powermay  be  produced.     The  cold  is  the  h  b 

is  employed  which  contains  itself  a  lar       q 
combined  from.     Thus  crystallized  chlo    d       f      I 
half  its  weight  of  water,  and,  when  mixed  w   I  q     1  w      h      f 

enow,  the  whole  becomes  liquid,  and  the  q  f  h         b      b  d 

is  proportionally  large.     By  combining  fe     h  f 
tense  degrees  of  coid  have  been  produc  d     M     W  11  h  m 

the  invention  of  most  of  them  is  due,  hai  b  d      d  p 

of  temperature  to  — 91'  of  Fahrenheit. 

The  following  table  contains  the  propottiona  for 
mistures,  and  the  degree  of  cold  which  can  be  obtained  by  means  of  tbeni.  It  is  to 
be  remarked,  that  in  using  freezing  mistiu-es  a  great  deal  of  the  success  depends  on 
the  mpidity  with  which  the  liquefaction  is  produced ;  the  thinnest  possible  vessels, 
and  a  tolerably  large  quantity  of  mnteriais  should  be  used.  For  producing  a  great 
degree  of  cold,  it  is  also  necessary  tu  eool  the  materials  previously  as  much  as  pos- 
sible ;  thus,  to  produce  the  intense  cold  of"  — SI",  Mr.  Walker  Lad  cooled  the  Hub- 
stances  to  be  mixed  dowr  to  — 6B°  by  means  of  other  free 
K 
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FRIGORIFIC  MIXTURES  WITHOUT  ICE. 


Mi.lp™. 

f,-., 

=te: 

Water 

1 
1 

IB 

\  from  +50" 

to +4= 

48" 
40= 

Muriate  of  ammonia 
Nitrate  ol  potash    . 
Water 

i  from  4-50° 

to +10° 

Sulphate  of  soda     . 
Diloted  nhric  acid  . 

a 

^  from  -\-50° 

0—3" 

53° 

Sulphate  of  soda 
Muriate  of  ammonia 
Nitrate  of  potash    . 
Dilated  nitric  acid  . 

4' 
5 

I  from -[-50° 

._,.. 

00° 
64" 

Sulphate  of  soda     . 
Nitrate  of  ammonia 
Diluted  nitric  acid  . 

i  from  50"  to 

-14" 

Sulphate  of  soda     . 
Muriatic  acid      .     . 

5 

s"" 

i 

^  from  ^SO" 

0  0" 

50" 

Phosphate  of  soda  . 
Nitrate  of  ammonia 
Diluted  nitric  acid  . 

i  from  0°  to  - 

-34= 

34= 

FRIGORIFIC  MIXTURES  WITH  ICE, 


Mi>l.^.. 

1 
3 

u"Sl 

Sho«;  or  pounded  ice  .    . 
Common  salt      .... 

2 

i 

1 

to— 5= 

' 

Snow  or  pounded  ice  .     . 
Common  salt     ,    .    .    , 

to  —13" 

Snow  or  pounded  ice  .     . 
Common  salt      .... 

Nitrate  of  potash     .     .     . 

10 
5 
5 

12 
5 
5 

4 

to  —18° 

Snow  or  pounded  ice  .     . 
Common  salt      .... 
Nitrate  of  ammonia     .     . 

to  -35= 

Diluted'nitric'aeid  '.    '.    '. 

1  ftom  +33"  to  — 30- 

60" 

Snow 

Crys.  muriate  of  lime      . 

•2 
3 

4 
3 

3 

8 
10 

I  from  +33=  to  —50= 

83" 

Snow 

Potash 

^from+33°  to— 51  = 

83" 

Sno^v 

Diluted  .nitric  acid  .    .    . 

^  from  0°  to  —46= 

46" 

Snow    .    .   ' 

Crys.  muriate  of  lime 

I  from  0=  to  —66= 

66" 

Snow 

Diluted  sulphuric  acid      . 

^from— 66=to— 91  = 

25= 

In  the  ordinary  experiment  of  freezing  mercury  by  a  mixtore  of  snow  and  crys- 
tallized chloride  of  calcium,  success  is  setdtun  oUained  unless  by  having  two  por- 
tions of  the  mixture,  and  either  cooling  the  materials  for  the  second  by  means  of  the 
first,  or  plunging  the  tube  of  mercury,  when  it  has  exhausted  the  pooling  powers  of 
the  first,  inlo  the  second  and  freshiy-mixed  portion  of  m.iterials. 

There  are  many  cases  in  which  heat  is  evolved  from  solid  bodies 
without  our  being  able  positively  to  ascertain  its  source,  and  where, 
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consequently,  it  may  be  considered  as  having  previously  been  latent 
Thus,  by  the  friction  of  two  different  bodies  together,  as  when  the 
axle  of  a  carriage  becomes  hot,  or  when,  as  among  savage  natioDS, 
fire  is  obtained  by  rubbing  two  pieces  of  wood  together.  But  it  ia; 
rather  a  misuse  of  words  to  say  that  the  heat  evolved  had  previously 
been  latent,  for  the  latent  heat  of  a  body  should  properly  be  consid- 
ered as  that  by  which  the  fluid  condition  is  conferred  upon  it,  and 
hence  a  solid  body  cannot  be  said  to  have  such  latent  heat  at  all. 
It  is  most  likely  that,  as  a  diminution  of  specific  heat  accompanies 
the  increase  of  density  which  occurs  when  oil  of  vitriol  and  waier 
are  mixed  together)  so  where,  by  compression,  the  density  of  a  solid 
body  is  increased,  its  specific  heat  may  be  diminished,  and  hence 
sensible  heat  evolved.  Although  our  knowledge  of  this  subject  is 
not  at  all  as  satisfactory  as  its  importance  merits,  it  has  been  ascer- 
tained that,  when  iron  is  violently  compressed,  as  in  boring  cannon 
OT  by  repeated  hammering,  its  specific  heat  becomes  much  less,  and 
the  heat  evolved  is  so  considerable  that  the  metal  may  easily  be 
made  red  hot.  It  would  be  well  to  distinguish  between  heat,  cer- 
tainly before  latent,  which  may  thus  be  rendered  sensible,  and  the 
true  latent  heat  which  is  absorbed  during  liquefaction,  aud  which 
can  be  only  given  out  again  by  the  reassumption  of  the  solid  form ; 
and  this  might  be  done,  perhaps,  and  its  connexion  with  specific  heat 
made  evident,  by  adopting  the  word  special  heat,  or  heat  peculiar  to 
the  body.  Thus  liquids  and  vapours  only  can  contain  latent  heat; 
but  every  body  contains  a  quantity  of  special  heat,  equally  insensible 
to  the  thermometer,  but  becoming  manifest  when  the  specific  heat 
is  diminished.  The  special  heat  is  thus  the  heat  which  gives  to  the 
body  the  temperature  which  it  possesses,  and  the  quantity  of  special 
heat  necessary  to  produce  a  rise  of  temperature  measures  the  spe- 
cific heat. 

Many  bodies  undergo,  before  liquefaction,  remarkable  changes  m 
their  molecular  constitution :  thus  iron,  wax,  and  glass  become 
soft  and  pasty,  so  that  different  pieces  may  be  perfectly  united  into 
one  i  and  it  is,  indeed,  on  this  property  that  the  most  useful  appli- 
cations of  glass  and  iron  in  ordinary  life  depend.  This  has  been 
referred  to  a  certain  quantity  of  latent  heat  having  already  entered 
into  the  body,  and  giving  an  intermediate  condition,  that  of  semiflu- 
idity.  There  is  no  proof  either  for  or  against  this  view,  as  no  exact 
experiments  have  been  made  upon  such  bodies.  In  other  eases, 
where  semifluidity  is  produced,  as  in  lard,  tallow,  &c.,  it  is  plainly 
seen  to  arise  from  the  substance  being  a  mixture  of  two  bodies,  of 
which  one  melts  easily,  and,  being  then  liquid,  forms  with  the  other, 
whicTi  remains  still  solid,  a  kind  of  pulp,  which  gradually  becomes 
less  thick,  according  as  the  temperature  rises,  until  all  is  liquefied 

SECTION  IV. 


By  the  application  of  a  higher  temperature  than  that  which  was 
necessary  for  liquefaction,  the  generality  of  fusible  bodies  are  capable 
of  being  converted  into  vapour.  In  this  form  they  resemble,  in  mole- 
cular constitution,  the  most  permanent  of  the  gases,  and  are  subjected 


b,  Google 


76 


A.T    OF 


to  precisely  the  same  laws  of  change  of  volume,  for.  any  aheration 
of  temperature  or  pressure,  as  atmospheric  air,  as  long  as  the  elastic 
form  is  preserved.  This  passage  from  the  solid  or  liquid  to  the 
gaseous  state  of  aggregation,  may  occur  either  slowly  and  silently,, 
or  with  violence  and  rapidity ;  the  body  may  either  evaporate  or 
boil.  The  evaporation  may  go  on  at  any  temperature,  evert  at  the 
losvest  i  but  boiling  commences  only  at  a  certain  temperature,  which 
depends  on  the  nature  of  the  body,  and  upon  the  pressure  to  which 
it  is  subjected.  Each  of  these  modes  of  generating  vapour  will  re- 
quire to  be  specially  examined  j  but  it  is  necessary  to  attend,  in  the 
first  place,  to  the  phenomenon  which  accompanies  and  may  be  sup- 
posed to  produce  the  change  of  form,  the  absorption  of  the  heat  of 
vaporization  ;  for  precisely  as  a  solid  absorbs  heat  in  becoming  liquid, 
so  does  a  liquid,  in  assuming  the  vaporous  condition,  render  heat  la- 
tent, and  even  in  still  greater  quantity. 

If  we  place  upon  a  steady  fire  or  over  a  lamp  a  cup  of  water,  we 
shall  observe  that  its  temperature  rises  until  it  begins  to  boil,  but 
then  remains  perfectly  stationary  until  the  last  drop  of  the  water 
shall  have  been  boiled  away.  If  we  remark  the  time,  we  shall  find 
it  to  be  in  the  following  proportion.     Let  us  suppose  the  temperature 


of  the  water  to  have  beei 


In 

of  h 


b   1  1 


laliy  62^,  and  that  at  the  ( 


pp] 


gp  f   ly 


g40 


1 


idof  s 
of  212^ 
quantity 
tow,  the 
d  neces- 

mperature 


of  the  same  weight  of  water  -j  ,  the  total  quantity  ol  heat  absorbed 
by  the  water  in  being  converted  into  steam  would  have  raised  its 
temperature,  had  it  remained  liquid,  25x40  =  1000'',  or  just  to  red- 
ness. And  yet  this  becomes  perfectly  latent,  the  temperature  of  the 
vapour  formed,  that  is,  of  the  steam,  being  exactly  212°,  that  of  the 
water  it  is  formed  from. 
By  the  inverse  process  a  correspoading  observatioa  may  be  made.  Thas,  water 
being  boiled  in  a  vessel,  as  in 
Uie  figure,  the  steam  may  be 
c«aducted  tiy  a  tulie  into  a  glass 
containing  a  weigbed  quantity 
of  cold  water,  the  temperatare 
of  which  is  accurately  marked. 
The  steam,  by  condensing  in 
the  cold  water,  raises  its  tem- 
perature ;    and  when    a  sufli- 


culated.  Tliua :  let  ua  suppose  that  there  were  eight  ounces  of  wi 
ginally  used,  an<l  that,  at  the  termination  of  the  experiment,  there  w 
at  the  temperature  of  188°.    It  is  then  evident  that  one  ouace  of  si 
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sing,  had  raised  the  temperature  of  the  eight  ounces  ISS".  The  temperature  of  one 
ounce  might  have  been,  therefore,  raised  138x8=1034° ;  but  this  was  not  all  la 
lenC  heat ;  for  the  steam,  by  merely  condensing,  should  have  formed  liquid  water  at 
212",  whereas  it  cooled  to  188°.  The  difference,  =24",  must  be  aubiracted  from 
the  1024° ;  and  thus  the  latent  heat  of  steam  determined  to  be  1000°,  as  it  had  been 
found  by  the  previous  process. 

The  great  quantity  of  heat  thus  contained  in  an  insensible  form  in 
steam  is  very  generally  made  use  of  fof  warming  apartments  and 
for  chemical  operations,  in  which  exposure  to  the  direct  action  of  a 
fire,  or  even  to  a  sand  bath,  might  be  jnjurioias.  By  means  of  a 
series  of  pipes,  steam  from  a  boiler,  placed  at  a  distance,  is  brought 
to  circulate  through  every  part  of  the  most  extensive  buildings,  and 
condensing  gradually  as  it  passes  along  the  cooling  surfaces,  the 
liquid  water  is  conducted  back  again  to  the  boiler,  there  to  be  recon- 
verted into  steam.  In  large  manufacturing  laboratories,  such  as  those 
of  the  Apothecaries'  Halls  of  Dublin  and  of  London,  there  are  steam^ 
ranges,  or  series  of  evaporating  pans  and  stills,  set  in  cast-iron  cases,' 
within  which  steam  is  introduced,  and  thus  the  most  delicate  vege-' 
table  preparations,  such  as  extracts  and  inspissated  juices,  prepared 
at  temperatures  which,  being  completely  under  the  control  of  the 
operator,  allows  all  the  freshness  and  active  properties  of  the  plants 
to  be  perfectly  preserved. 

By  means  of  apparatus  similar  in  principle  to  that  in  the  last  hgure,  the  latent 
heits  of  the  vapours  of  many  flnids  have  been  determined,  it  hsis  been  found  that 
the  latent  heat  of  equal  weights  of  the  vapours  of  the  folloiving  bodies  would  have 
raised  the  temperature  of  an  equal  weight  of  water  in  condensing : 

Water 1000° 

Alcohol 376° 

Ether 1S3' 

Oil  of  turpentine 138° 

Nitric  acid 335° 


The  latent  heats  of  bodies,  such  as  vinegar  and  w 

contain  mixed  Wat 


srof 


I,  which  have  no 
>aaesa  any  value 


definite  chemical  c 
or  importance. 

In  changing  from  the  liquid  to  the  gaseous  state,  the  volume  is 
increased  in  a  very  great  degree  ;  the  amount  of  increase,  in  some 
instances,  which  may  be  taken  as  examples,  is  giveti  in  the  follotving' 
table. 


....... 

«~ 

es? 

"IP 

VB" 

Alchol  .... 
Ether  .... 

Mercury  .  .  . 

1000 
907 
715 
867 
13500 

SIS^ 
173° 
97= 
315° 
660° 

1696 
488 
240 
331 

3395 

1696 
519 
289 
193 

1938 

630 
1601 
S583 
4763 
6869 

In  the  lirst  column  are  tlie  names  of  the  bodies :  in  the  second,  theii  specilic 
gravities,  water  being  1000 j  in  the  third,  their  boiling  points;  in  the  fourth,  tlie 
numhr;r  of  volnmes  of  vapour  furnished  by  one  volume  of  each  fluid  at  its  boding 
point;  m  the  lifth,  the  number  of  volumes  of  vapour  reduced  to  a  standard  temper' 
ature,  2ia°,  which  one  volume  of  fluid  may  produce ;  and  in  the  sixth,  the  specific 
gravity  of  the  vapour,  air  being  1000. 

It  has  been  imagined  that  there  should  exist  some  physical  connexion  between 
the  increase  of  volume  produced  by  the  change  from  the  liquid  to  tlie  gaseous 
state,  and  the  quantity  of  heat  rendered  latent  during  the  change;  and  it  is,  in 
fact,  generaliy  true,  that  those  bodies  which  have  small  latent  heat  expand  least,  as 
oil  of  turpentine  and  ether.    But,  as  yet,  from  the  few  experiments  that  have  been 
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made  upon  latent  heats,  With  substances  sufficiently  pure  to  be  talier  as  the  basis 
of  calculation,  nothing  positive  can  he  considered  to  be  known. 

The  passage  from  the  liquid  condition  to  tlie  state  of  vapour  is 
distinguished  from  the  change  of  a  solid  to  a  fluid,  by  tlie  impor- 
tant fact  that,  while  liquefaction  is  definitely  produced  at  one  tem- 
,  perature,  and.  at  that  alone,  vaporization  occurs  at  all  tempera- 
tures; and  it  is  only  from  the  influence  of  external  circumstances 
that  the  change  is  accompanied,  at  a  particular  temperature,  by  the 
phenomenon  of  hoiling.  The  coldest  water  is  capable  of  forming 
vapour  ;  even  ice  evaporates  ;  and,  in  order  to  do  so,  it  is  not  neces- 
sary that  it  shall  previously  melt ;  it  is  thus  that  snow  will  gradually 
disappear  from  the  ground,  even  when  shaded  from  the  sun's  rays, 
and  though  the  air  shall  have  continued  heiow  the  melting  point. 
Other  solid  bodies  also  evaporate  without  previous  melting,  as  cam- 
phor ;  and  arsenic  cannot  he  melted;  for,  when  heated,  it  is  convert- 
ed at  once  from  the  solid  to  the  vaporous  condition.  The  particles 
of  volatile  bodies  appear  thus,  at  all  temperatures,  to  repel  each 
other  to  a  certain  degree,  and  to  spread  abroad,  in  the  form  of  va- 
pour, until  they  occupy  completely  the  space  in  which  the  body  is 
contained,  and  exercise  a  pressure  which  is  equal  to  the  force  of 
their  mutual  repulsion,  and  which  is  termed  the  elasticity  of  the  va- 
pour. 

The  amount  of  elasticity,  or,  as  it  is  often  called,  tension  of  a  va- 
pour, is  determined  by  very  simple  methods.  Thus,  for  elasticities 
below  that  of  atmospheric  air,  a  series  of  barom- 
eter tubes  arranged  in  a  stand,  V  F  a  a,  are  to  be 
■  carefully  filled  and  inverted  in  a  basin  of  mercury, 
c  e,  as  in  the  figure.  One  such  tube,  d  d,  is  to  be 
kept  untouched,  to  measure  the  elasticity  of  the  ex- 
ternal air.  If  a  little  water  be  allowed  to  pass  up 
into  the  next  tube,  and  there  float  upon  the  surface 
of  the  mercury,  it  immediately  forms  vapour,  which 
spreads  through  ail  the  empty  space,  and,  pressing 
against  the  upper  surface  of  the  mercurial  column, 
a  portion  of  tho  pressure  of  the  exter- 
The  remaining  pressure  of  the  air  is  able 
support,  therefore,  only  a  shorter  column  of  mer- 
■y,  and  the  height  of  the  mercury  in  the  tube 
diminishes.  If  into  another  tube  some  alcohol  be 
introduced,  there  is  a  similar,  but  still  greater  de- 
pression of  the  mercurial  column  caused,  and  with 
ether  the  height  of  the  mercurial  column  is  still 
,  more  diminished.  The  atmospheric  pressure  in 
^y  these  cases  balances  the  shortened  column  of  mer- 
cury added  to  the  elasticity  of  the  vapour,  and  this 
^  last  is  consequently  measured  by  the  height  of  the 
column  of  mercury  which  it  ia  capable  of  replacing,  that  is,  by  the 
space  through  which  the  mercury  has  been  depressed,  which  is 
read  ofl'  hy  the  rule  and  index,  r  v  r.  Thus,  if  the  barometer  be  at 
30  inches  and  the  temperature  80°,  the  mercury  will  stand  in  the 
tube  with  watery  vapour  at  29  inches,  in  that  with  alcohol  at  28'1, 
and  in  lliat  of  ether  at  10  inches.  The  elasticities  of  these  vapours 
are  therefore  at  the  temperature  of  80^. 
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Vapour  of  water 10  inch, 

"      of  alcohol I'B 

'       ofetlier 20  0 

in  order  to  ascertain  how  the  elasticity  of  a  vapour  chang'es  with  . 
the  temperature,  it  is  only  necessary  to  enclose  the  upper  part  of  the 
tuhe  in  a  cylindrical  case  containing  water  or  oil    heated  to  the 
necessary  degree.     As  the  heat  i  crease*  the  height  of  th    rn 
rial  column  will  dimini  h       d  h         p  11  y 

so  determined.     The     pp  h  1      d  hj    b     d  h 

tube  so  as  to  immerse    1     b        p  '         P 

a  globe  of  water  or  oil  hipl   h  }       ppl    d  b       h    p 

ciple  remains  the  same      I      h  y         bl      f    1       1  y    f 

vapour  at  all  temperatu        b  I         1        b    1    g  p  b    f 

ed ;  and  as  there  will  b    f    q  f  h        f  ! 

of  the  vapour  of  wate      !      f  11         g      bl  d       d  f 

and  as  an  example  : 


32 

300 

90 
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40 

00 

60 

65 

40 

0-524  Z 

leo" 

S-46  I 

65° 

OGIG  4 

J80= 

1515  S 

70" 

0  T21  .a 

SOO" 

33-64  J 

80° 

1000  .5 

312° 

3000  S 

When  a  liquid,  in  such  an  apparatus,  is  heated  until  the  vapour 
formed  occupies  all  the  tube  and  espels  the  mercury,  the  elastici- 
ty of  the  vapour  is  equal  to  that  of  the  air,  and  the  liquid  exposed 
to  the  air  bojls ;  the  phenomeiion  of  boiling  arising  simply  from 
the  fact  that  the  elasticity  of  the  vapour  balances  the  pressure 
of  the  air  while  the  bubble  is  passing  through  the  fluid :  thus, 
suppose  a  vessel  of  water  exposed  to  the  air  at  200",  and  a  bub 
ble  of  steam  to  form  in  it ;  the  pressure  exercised  by  that  bubble 
being  equal  to  its  tension,  is  equivalent  to  a  column  of  23'64>  inches 
of  mercury ;  but  the  esternaJ  pressure  being  30  inches,  the  bub- 
ble is  crushed  in  by  a  force  equal  to  the  difference  (6'36  inches 
of  mercury),  and,  consequently,  dispersed.  Jf  the  water,  however, 
be  heated  to  212",  the  elasticity  becomes  equal  to  30  inches,  and 
then  the  external  and  internal  pressures  being  equal,  the  bubble 
rises  in  the  liquid  without  injury,  and  maintains  itself  at  the  surface 
until  its  investing  fiim  of  water  is  ruptured  by  other  causes,  when 
the  vapour  mixes  uniformly  with  the  air. 

It  is  the  bursting  of  the  steam  bubbles  that  are  first  formed  in 
this  manner  that  constitutes  the  simmering  of  a  boiler  or  the  sing- 
ing of  a  kettle  on  the  fire.  The  bottom  of  the  vessel  heats  more 
strongly  the  layer  of  water  in  contact  with  it,  so  that  the  steam  has 
there  a  high  degree  of  elasticity,  and  forms  a  multitude  of  minute 
bubbles ;  when  these  separate  from  the  hot  metal,  they  are  immedi- 
ately burst  in  by  the  greater  external  pressure,  and  the  mass  of 
water  is  thus  thrown  into  a  state  of  exceedingly  rapid  and  uniform 
vibration,  which  fall  upon  the  ear  so  regularly,  in  many  cases,  as  to 
produce  a  musical  and  often  agreeable  tone,  which  may  becoma 
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:ute,  according-  as  the  bubbles  burst  more  or  lesa 
another. 

ncreases  very  rapidly  with  the  temperature,  as  is 
fieeii  in  the  table,  where,  in  rising  from  180=  to 
212%  the  elasticity  is  doubled.  For  hi^h  tem- 
peratures the  rate  of  increase  is  still  more  rapid. 
To  determine  the  elasticity  at  temperatures 
above  the  ordinary  hoiljng  point,  an  apparatus 
completely  cut  off  from  the  external  air  is  made 
use  of.  In  the  figure  there  is  a  gJohular  vessel 
of  strong  metal,  a,  into  which  is  introduced  by 
the  stopcock  d,  tne  fluid  to  be  experimented  on, 
as,  for  example,  water.  In  the  aperture  c  is 
fitted  a  thermometer,  the  balb  of  which  dips 
into  the  fluid  near  the  centre,  and  shows  its  tem- 
perature. A  quantity  of  mercury  being  in  the 
bottom  of  the  vessel,  the  tube  t>  dips  under  its 
surface,  and,  rising-  to  the  necessary  height,  has 
attached  to  it  the  scale  divided  into  inches  and 
their  parts.  When  the  apparatus  is  heated,  as 
the  vapour  produced  cannot  escape,  ail  junc- 
tures being  perfectly  steam-tight,  the  tempera- 
ture rises  continuously  in  place  of  stopping  at 
the  boiling  point,  and  the  vapour  formed  press- 
on  the  surface  of  the  remaining  liquid,  and 
■^  by  it  on  the  mercury  underneath,  forces  the 
■^  mercury  up  the  tube  b  until  the  mercurial  col- 
umn shall  have  attained  such  a  height  as  to  counterbalance  by  its 
weight  the  elasticity  of  the  vapour.  In  these  cases  the  elasticity 
is  generally  reckoned  by  atmospheres,  each  atmosphere  being  equiv- 


i  mercurial  colu 
af  water  has  beei 


thirty  inches  high, 
found  to  exert  a  presi 


nthis 
re  of 


rthe 


It  is  necessary,  in  order  to  understand  such  tables,  to  observe 
that  this  great  increase  of  the  elasticity  of  steam,  as  the  tempera- 
ture rises,  results  not  from  the  expansion  of  steam  already  formed, 
but  from  the  constant  addition  of  new  quantities  of  steam  for  every 
variation  of  temperature.  If  a  globe  full  of  steam  at  212=,  hut 
containing  no  liquid  water,  were  heated  to  294°,  it  would  tend  to 
expantl  precisely  as  air  or  any  other  gas,  and  tlie  increase  of  elas- 
ticity would  be  only  from  30  to  34  inches,  or  from  1  atmosphere 
to  11 ;  but  if  the  globe  contain  liquid  water,  there  is  sOch  an  addi- 
tional quantity  of  vapour  formed  and  compressed  into  the  same 
space,  that  the  elasticity  becomes  equal  to  four  atmospheres,  or  to 
120  inches  of  the  mercurial  column.     Also,  when  the  pressure  on 

vimour  IS  made  to  vary,  the  result  deviates  from  the  rule  laid  down 
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in  page  20,  for  the  action  of  pressure  upon  gases  ;  for  the  elas 

of  a  vapour  cannot  be  really  increased  by  any  increase  of  pre 

it  remains  the  same,  but  a  quantity  of  the  vapour  becomes  liquid, 

and  there  continues  in  the  state  of  vapour  only  as  much  as  occupies 

with  the  same  elasticity  the  diminished  volume  which  the  column 

of  mercury  leaves.     Thus,  if  we  consider  the  bent  j 

tube  a  b,  of  which  the  extremity  at  a  is  close 

and  the  leg  a  occupied  from  the  dotted  line  c 

by  vapour  of  ether  at  its  boiling  point,  and  b 


chanff. 


vithoi 


.  of 


■y  thirty 
llowing  the  tcni- 
poufed  in  at  the 

'      ■■      / 


0  the  Sin 


perature 

orifice  of  b  until  it  shall  rise 

g,  and  occupy  exactly  one  half  of  that  leg,  th. 

pour  will  not  be  compressed  into  half  its  volume, 

and,  acquiring  a  double    elasticity,    support    60 

inches  of  mercury  as  a  gas  should  do,  but  one 

half  of  the  ether  will  assume  the  liquid  form,  and 

the  remainder,  occupying  the  remaining  half  of 

the  original  volume,  will  balance  30  inches  of  mer- 
cury pvecisely  as  it  did  before,  and  the  pressing 

column,  counting  from  tlie  line  f  e,  will  terminate  6' 

at  /(. 

If,  however,  in  place  of  attempting  to  increase  the  p: 

vapour,  we  diminish  it,  then  the  vapour  preserves  its  ( 

and  its  elasticity  diminishes  in  all  respects  as  if  it  were  a  gas. 

The  specific  gravity  of  a  vapour,  formed  at  any  certain  temperature,  should  be 
proportioned  siraijly  to  tiie  elasiicity,  if  tlie  volume  were  not  altered  by  (lie  cliange 
of  temperature,  and  it  should  be  inversely  as  tlie  volucne  if  it  could  ail  remain  un- 
condensed ;  but,  in  reality,  the  relation  is  more  c-omplex,  and  may  be  calculated 
upon  the  following  principles.  Thus,  if  we  wish  to  know  the  specific  gravity  of  va- 
pour of  water  having  an  elasticity  expressed  by  7-43  inches  of  mercury,  and  the 
temperature  150",  we  proceed  as  follows :  the  specific  gravity  of  steam  at  SO  inches 
and  312"  is  3202 ;  and  hence,  if  the  volume  did  not  change,  the  specific  gravity  of 
[he  vapour  at  150°  should  be  6S0-3x^^=,=153'39 ;  but  in  cooling  from  213°  to 
150°,  the  portion  of  steam  which  retams  its  elastic  form  is  compressed  within  a 
smaller  volume,  and  hence  has  its  specific  gravity  increased  in  proportion  to  the 
change,  and  therefore  the  153'39  obtained  above  niust  be  increased  in  the  propor- 
tion of  the  volume  at  150°  to  the  vdhime  at  312°,  or  as  Oil  :  6A  and  thus  becoiaea 
169-24.  The  subjoined  table  contains  specific  gravities  for  some  temperatures  cal- 
culated in  that  way,  and  accompanied  l>y  the  temperatures,  the  elasliciiies,  and  the 
weight  in  grains  of  lOO  cubic  inches  of  the  vapour. 


t™^„.„ 

■iSLV 

'"^^SiS/ 

WriSl""'!"! 

osoo 

5-68 

0-1361 

50° 

0375 

1017 

02474 

60° 

0524 

14-08 

03387 

100° 

1-860 

46-36  • 

1-1028 

150° 

7-430 

160  24 

40543 

213° 

30-000 

6S0  20 

14-9800 

There  is  some  reason  to  suspect,  however,  that  vapours  do  not  follow  exactly  the 
theoretic  rules  upon  which  such  tables  are  constructed,  and  which,  in  reality,  apply 
only  to  gaseous  bodies.  Thus,  Despretz  has  found  the  specific  gravity  of  the  va- 
pour of  water  to  be  at  67°  7-72,  while  by  this  calculation  it  should  ba  17  36,  air  at 
813°  being  1000 ;  his  results  cannot  be  considered  as  decisive,  although  they  show 
the  necessity  for  an  accurate  re-examination  of  the  subject.    At  very  high  tempera- 
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tures,  llie  eiaslicity  does  certainly  not  ircrease  with  the  apecific  gravity  when  the 
volume  remains  constant.  Ether  is  foand  to  become  gaseous,  and  lo  occupy  only 
twice  the  volume  it  had  when  liquid,  at  the  temperature  of  330",  and  its  elasticity 
in  that  stat«  equals  38  atmospheres,  whereas,  by  calculation,  its  elastic  Torce  should 
be  168  atmospheres.  Alcohol,  enclosed  in  tuhes  hermetically  sealed,  is  totally  con- 
verted into  vapour,  occupying  only  three  times  tho  volume  of  the  liquid  at  404°,  and 
then  exerts  apressureonly  of  129  atmospheres,  while  by  theory  the  pressure  should 
equal  SSI.  Water,  also,  was  obtained  by  Cagniard  de  la  'Tour  gaseous  in  foui 
timeB  its  liquid  volume  at  773",  and  should  then,  by  theory,  have  an  elasticity  ol 
780  atmospheres,  a  fotce  far  above  what  the  glass  tube  employed  could  possibly 
have  resisted.  It  would  appear,  therefore,  that  vapours,  so  far  as  the  relation  be- 
tween  their  specific  gravity  and  their  elasticity  is  concerned,  do  not  follow  exactly 
the  same  law  as  gases  except  within  certain  limits ,-  but  that,  when  tlie  elasticity  is 
much  smaller  or  much  greater  than  the  atmospheric  pressure,  variations  which  are; 
very  remarkable,  though  not  as  yet  well  undersl<iod,  present  themselves. 

When  a  vapour,  as,  for  example,  steam,  which  has  beeo  generated 
in  close  vessels,  and  attained  a  great  elasticity,  is  suddenly  allowed 
to  escape  into  the  air,  its  temperature  is  suddenly  reduced  in  a  re- 
markable degree,  even  independent  of  condensation.  If  the  steam 
had  been  formed  under  a  pressure  of  four  atmospheres,  its  volume 
is  but  one  fourth  of  what  it  should  become  when  free,  and  hence, 
on  escajiing,  it  expands  in  that  proportion;  under  that  pressure 
its  temperature  had  been  294",  but  by  the  increase  of  latent  heat 
it  falls  immediately  to  212';  there,  however,  the  expansion  does 
not  stop  ;  the  impulse  of  the  particles  of  vapour  carries  them  much 
farther  ;  and  as  the  speciiic  heat  increases  so  as  nearly  to  be  doubled 
when  the  volume  becomes  doubled,  a  considerable  reduction  of  the 
temperature  below  SIS'*  occurs,  which  is  still  farthei  increased  by 
admixture  of  cold  air  which  presses  into  the  rarefied  space  ieft  by 
the  expansion  of  the  steam.  Hence  it  is  that  »;team  escaping  into 
the  air  from  under  considerable  pressure  possesaes  much  less  heat- 
ing power  than  steam  arising-  from  n  ater  hoilmg  m  an  open  vessel : 
it  is  much  less  liable  to  scald. 

The  principle  of  the  conversion  of  a  '^olid  or  liquid  body  into  a 
vapour  at  all  ordinary  temperatures  is  true,  even  where  the  body 
may  be  very  little  volatile.  Thus  the  space  over  the  mercury  in  the 
best  barometers  is  not  truly  empty,  but  contains  a  quantity  of  mer- 
curial vapour,  exercising  a  certain  elasticity,  and,  by  d'.pressing  the 
liquid  column,  making  the  pressure  of  the  external  fit  appear  small- 
er than  it  really  is.  It  would  appear,  however,  that  there  are,  for 
some  bodies  at  least,  temperatures  below  which  evaporation  does 
not  go  on  i  thus  no  mercurial  vapour  can  be  detected  unless  the 
temperature  be  above  40',  and  oil  of  vitriol  requires  to  be  heated  to 
120"  before  any  vapour  forms  from  it :  it  is  probable,  however,  that 
even  in  these  cases  the  general  principle  holds  good,  and  that  it  is 
only  from  the  minute  quantity  of  vapour  eluding  our  means  of  ip 
search  that  the  existence  of  a  limit  to  evaporation  was  believed. 

The  boiling  point  of  a  liquid  being  that  at  which  its  vapour  can 
support  the  external  pressure,  it  is  liable  to  constant  fluctuation  as 
the  pressure  changes,  and  hence  the  fixing  of  the  temperature  of 
boiling  water  upon  the  thermometer  requires  the  care  and  attention 
already  noticed.  If  the  barometer  stood  at  2S'64,  water  would  boil 
at  200'  in  place  of  212"  ;  and  so  close  is  the  connexion  between  the 
pressure  and  boiling  point,  that  the  height  of  any  place  above  the 
level  of  the  sea  may  be  determined  by  the  temperature  at  which 
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water  boils  there.  Thus,  if,  on  beating  some  water  on  the  summit 
of  a  mountain,  it  be  found  to  boil  at  203 ',  we  find,  by  reference  to  a 
table,  that  the  elasticity  of  its  vapour  is  then  25'1  inches,  and  hence 
that  in  the  same  place,  at  the  same  moment,  the  column  of  mercury 
in  a  barometer  should  have  been  at  that  height.  Then,  by  the  or- 
dinary calculation,  the  height  of  the  mountain  may  be  found  with 
us  much  accuracy  as  if  the  baroraeter  itself  had  been  carried  up.  On 
the  summit  of  Mount  Blanc,  the  highest  point  of  Europe,  water  has 
been  found  to  boil  at  184^ 

By  reducing,  artificially,  the  amount  of  pressure  upon  a  fluid,  as 
by  placing  the  vessel  containing  it  under  the  receiver  of  an  air-purap 
and  exhausting  the  air,  the  boiling  point  is  lowered  in  n.  remaricable 
degree.  If  the  vacuum  were  perfect,  a  fluid  would  boil  even  at  the 
lowest  possible  temperature;  but  this  is  not  practicable,  as  the  va- 
pour formed  cannot  be  so  perfectly  removed  but  that  it  will  exer 
cise  some  pressure  ;  but,  with  a  good  air-pump,  fluids  may  be  got 
to  boil  145""  below  their  ordinary  boiling  points ;  thus  water  will 
boil  at  67  ,  alcohol  at  32'',  ether  at  a  temperature  at  which  quicksil- 
ver would  freeze.  If,  at  the  moment  that  such  a  fluid  is  in  violent 
ebullition,  the  working  of  the  pump  be  stopped,  the  vapour  accumu- 
lates, and,  exercising  on.  the  surface  of  the  fluid  an  amount  of  press- 
ure corresponding  to  its  elasticity  at  the  existing  temperature,  rais- 
es the  boiling  point,  and  thus  stops  the  ebullition.  This  fact  may 
be  shown  in  a  very  simple  and  singular  manner,  by  half  filling  a 
flask,  B,  with  water,  and  boiling  the  water  until  all  the  air  in  the 
flask  shall  have  been  espelled,  and  then'care- 
i  fully  closing  the  mouth  of  the  flask,  S,  by  an  air- 
tight cork.  On  removing  the  source  of  heat, 
the  upper  part  of  the  flask,  B,  when  inverted 
as  in  the  figure,  rem.ains  full  of  vapour,  which, 

iiressing  upon  the  liquid  water,  arrests  the  ebul- 
ition.  If,  then,  p  jet  of  coid  water,  ji,  be  allowed 
to  play  upon  the  flask,  the  vapour  is  condensed, 
and,  a  vacuum  being  thus  produced,  the  water 
begins  to  boil ;  if  a  jet  of  warm  water  be  em- 
ployed, the  vapour  retains  its  elastic  form,  and 
the  ebuUition  ceases,  so  that  in  this  apparatus 
the  application  of  cold  may  appear  to  cause, 
and  that  of  heat  to  prevent,  the  water's  boiling. 
The  temperature  at  which  a  liquid  boils  is  thus  totally  dependant 
on  the  amount  of  pressure  to  which  it  is  subjected.  But  the  limits 
within  which  that  pressure  varies  near  the  level  of  the  sea,  in  ordi- 
nary cases,  are  so  small,  that  the  boiling  point  maybe  looked  upon 
aa  one  of  the  most  important  characteristic  properties  of  a  volatile 
substance;  and  from  the  facility  with  which  it  may  be  determined, 
it  is  almost  universally  capable  of  bein^  applied.  Hence,  in  descri- 
bing such  bodies,  the  boiling  point  will  be  in  all  cases  given;  but, 
for  illustrating  the  present  subject,  a  table  of  the  boiling  points  of 
some  of  the  most  remarkable  liquids  is  subjoinc.d : 
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Muriatic  etlier  .  . 
Sulpiiuric  ether 
Sulpliuret  of  carbon 
Pyroocetic  spirit  . 
Water  of  ammonia 
Pjroxylic  spirit 
Aicohoi 


RTV    OF    LIQUIDS 

Water 

Nitric  acid  ,  .  .  . 
Oil  of  turpentine  .  . 
Phosphorus       .    .     . 

Sulphur 

Sulphuric  acid  .  .  . 
Meieuiy 


The  lioiling  point  is  influenced  by  some  olher  circumstances  than 
the  atmospheric  pressure  ;  the  nature  of  the  vessel  may  alter  it  sev- 
eral degrees.  Thus,  in  a  giass  or  g-lazed  porcelain  vessel,  water 
boils,  under  a  pressure  of  30  inches,  not  at  SlU",  but  214"  ;  and  in 
graduating  a  thermometer,  it  is  henCe  necessary  to  use  a  metallic 
vessel.  This  latter  appears  to  favour  ebullition  by  the  minute  irreg- 
ularities on  its  surface,  affording  a  nucleus  for  the  steam  to  form,  as 
8  crystal  dropped  into  a  saline  solution  facilitates  the  crystallization  ; 
and  if  the  smooth  surface  in  the  glass  vessel  be  removed  in  a  single 
point  bya  scratch  with  a  diamond,  the  bubbles  of  steam  will  be  seen 
to  form  there  before  the  genera!  mass  of  liquid  comes  to  boil.  The 
influence  of  roughened  or  angular  surfaces  in  thus  favouring  the 
escape  of  steam,  may  be  shown  very  well  by  heating  water  in  a  glass 
flask  to  boiling,  and  then  allowing  it  to  cool  a  little,  so  that  the  boil- 
ing shall  completely  cease ;  if,  tnen,  a  little  filings  of  copper,  or  a 
platina  wire,  be  dipped  into  the  liquid,  if  the  cooling  had  not  gone 
too  far,  the  boiling  will  immediately  recommence,  the  steam  forming 
at  the  edges  and  angles  of  the  rough  substances  introduced. 

Tl;e  temperature  of  the  steam  produced  is  not  a^ffected  by  the 
boiling  point  of  the  liquid.  Thus,  althongh  by  dissolving  salts,  such 
as  chloride  of  calcium,  in  water,  its  boiling  point  may  be  raised  to 
264",  the  temperature  of  the  vapour  immediately  over  the  solution 
is  found  to  be  but  212°  ;  for,  though  the  temperature  of  a  steam  bub- 
ble which  rises  up  through  such  a  solution  must  be  264",  yet,  as  its 
elasticity  and  latent  heat  are  proportional  to  that  temperature,  it  ex- 
pands on  mixing  with  the  less  elastic  atmospheric  air,  and  is  cooled 
down  instantly  to  the  ordinary  boiling  point.  The  heat  of  a  water- 
bath  may  thus  be  increased  by  the  addition  of  saline  bodies  ;  but 
the  temperature  of  a  steam-bath  depends  only  on  the  elasticity  of 
the  steam. 

A  curious,  though  only  apparent,  anomaly  in  the  relations  of  liquids 
to  their  boiling  points  consists  in  the  possibility  of  the  vessel  con- 
taining the  liquid  being  heated  even  to  redness  without  the  liquid 
boiling,  though  exposed  only  to  the  ordinary  pressure.  This  may 
easily  be  shown  by  heating  a  platina  crucible  to  redness,  and  drop- 
ping into  it  a,  small  quantity  of  water  ;  the  water  remains  on  the  red- 
hot  metal  without  disturbance,  and  appears  scarcely  to  evaporate  ; 
but  if  another  crucible  be  heated  to  300",  and  the  water  be  poured 
ont  of  the  first  into  the  second,  it  instantly  boils,  and  is  dissipated 
in  a  gush  of  vapour.  The  reason  is,  that  in  the  red-hot  crucible  the 
water  is  not  really  in  contact  with  the  metal,  and  hence  the  heat 
passes  to  it  with  extreme  slowiiess ;  but  the  water  wets  the  colder 
crucible,  and,  absorbing  from  it  all  the  necessary  heat,  is  instantly 
converted  into  steam.  The  cohesive  force  of  the  metal  to  the  water 
being  diminished  considerably,  this  lies  in  a  red-hot  crucible  as  a 
clean  steel  needle  floats  on  water,  or  a  globule  of  mercury  moves 
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Upon  glass,  and  is  not  affected  hy  the  heat  until  it  wets  the  vessel, 
just  as  the  needle  does  not  sink  in  the  water  until  it  is  wetted  by  it, 
At  certain  temperatures  all  liquids  manifest  the  same  peculiarity. 

When  a  liquid  evaporates  at  a  temperature  below  its  boiling  point, 
It  still  absorbs  and  renders  latent  a  great  quantity  of  heat,  and,  in- 
deed, more  heat  than  it  would  render  latent  when  converted  into  va- 
pour by  ordinary  boiling'.  It  has  been  found,  by  accurate  experi- 
ments with  water,  and  there  is  good  reason  for  supposing  it  to  hold 
also  with  liquids  in  general,  that  no  matter  at  what  temperature  a 
liquid  vaporizes,  it  absorbs  the  same  total  quantity  of  heat.  The 
more  of  this  that  becomes  sensible,  the  leas  is  the  portion  which  re- 
mains latent,  the  sum  of  the  latent  and  sensible  heats  of  the  vapour 
bfingat  all  temperatures  the  same.     Thus,  with  water  evaporating  at 

32°,  the  latent  heat  is  1180.  the  sum  beinj;  1313 
!00=,  "         "  lil2,         "         ■'         1312 

312°,  ■'         "  1000,         "         ■'  I31S 

300^  "        "  913,         "        "        isia 

There  is,  therefore,  no  economy  in  evaporating  or  distiliingat  one 
temperature  rather  than  another,  as  the  same  absolute  quantity  of 
heat  is  necessary  for  the  formation  of  the  steam  ;  but,  for  other 
reasons,  the  formation  of  vapours  at  low  temperatures  affords  to  the 
chemist  processes  of  the  greatest  value.  Many  vegetable  substances 
undergo  important  alterations  in  their  chemical  constitution  and  me- 
dicinal properties  if  they  be  exposed  for  a  long,  time  even  to  a  heat 
of  212' ;  and  hence,  in  the  preparation  of  extracts  and  inspissated 
juices  of  plants,  in  pharmacy,  forms  of  apparatus  are  sometimes 
employed,  in  which  the  evaporation  is  carried  on  in  close  vessels 
connected  with  an  air-pump,  and  in  which  a  partial  vacuum,  meas- 
ured by  a  barometer  gauge,  may  be  established.  In  the  manufacture 
of  sugar,  this  principle  of  evaporation  at  low  temperatures,  by  re- 
moval of  the  atmospheric  pressure,  was  the  source  of  great  improve- 
ment, as  the  true  crystallizable  sugar  is  converted  into  the  uncrys- 
tallizable  sugar  (treacle)  with  great  rapidity  at  the  temperature-  of 
boiling  sirup,  and  was  hence,  to  a  great  extent,  lost  to  the  manu- 
facturer. By  later  improvements  in  the  mode  of  applying  heat,  the 
necessity  of  evaporating  the  sirup  in  vacuo  has  been,  however, 
completely  obviated. 

The  absorption  of  heat  in  the  conversion  of  a  liquid  into  a  vapour, 
at  ordinary  temperatures,  may  become  the  source  of  considerable 
cold  ;  and  it  is,  indeed,  in  this  way  that  the  greatest  cold  yet  gener- 
ated has  been  produced.  The  cold  which  is  felt  when  a  little  ether 
or  spirits  of  wine  is  dropped  oa  the  hand,  arises  from  this  fact ;  and 
by  surrounding  the  bulb  of  a  mercurial  thermometer  with  some  loose 
cotton,  and  moistening  it  with  liquid  sulphurous  acid,  the  quicksilver 
in  the  bulb  may  easily  be  frozen.  By  placing  some  ether  in  a  shal- 
low, thin  metfJlic  cup,  which  rests  in  a  glass  vessel  containing  a 
small  quantity  of  water,  and  producing,  by  the  air-pump,  the  rapid 
vaporization  of  the  ether,  the  water  may  be  so  frozen  that  the  two 
cups  shall  adhere  firmly  together  by  the  intervening  sheet  of  ice. 

Water  may  be  even  frozen  by  its  own  evaporation,  as  lit  the  cry- 
ophorus,  which  consists  of  a  long  tube  terminating  in  bulbs  which 
contain  some  water,  and  from  which  the  air  had  been  carefully  ex- 
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ciipied  oiiiy  by  wn- 
ten  '  apuur.  If  nil 
ihe^^atei  he  brought 
into  one  hulb,  and 
the  othtr  bulb  be  im- 
mersed m  afrec;!ing 
mifture,  the  vapour 
will  condense  there, 
and  new  lapour  be- 
mg  formed,  a  distil- 
lation » ill  be  produced  Irom  the  one  to  the  othei  bulb  The  vapour 
which  forms  m  the  warm  bulb  must  derive  its  latent  heat  from  the 
water  nhich  remains  behind,  and  this  ia  gradually  cooled  to  the 
freezing  point,  and  ultimately  completely  frozen;  the  latent  heat 
of  about  eight  paits  of  water  being  given  up  to  form  the  latent  heat 
of  one  part  of  vapour  at  32°.  Even  without  the  application  of  arti- 
ficial cold,  water  may  be  frozen  by  its  own  evapo- 
ration Thus,  if  under  the  receiver  of  an  aJr-pump 
we  arrange  two  fiat  dishes,  the  upper  containing 
water,  the  lower  containing  oil  of  "itrir^l.  o^/l  then, 
having  removed  the  air,  we  leave  the  apparatus  iwr 
a  short  time  to  act,  we  shall  find  the  water  in  the 
upper  vessel  converted  into  ice.  Accordingly,  as 
my  portion  of  vapour  forms,  it  is  immediately  ab- 
soibed  by  the  sulphuric  acid,  which  has  a  great  af- 
hnity  for  water ;  and  the  vapour  being  thus  prevented 
jl  from  collecting,  the  loss  of  heat  by  evaporation  pro- 
ceeds unceasin^-ly,  until  so  much  heat  has  been  re- 
moved that  the  residual  water  is  converted  into  ice. 

In  fluids  more  volatile  than  water,  this  synchronous  freezing  and 
evaporation  may  occur  still  more  simply.  Thus,  if  strong  prussio 
acid  be  allowed  to  form  a  pendant  drop  from  a  glass  rod,  the  drop 
will  become  solid  by  the  evaporation  of  one  portion  of  it,  and  the 
cooling  of  what  remains.  The  remarkable  phenomenon  of  the  so- 
lidification of  carbonic  acid  arises  from  the  same  principle.  A  jet 
of- liquid  carbonic  acid  being  allowed  to  escape  into  the  air,  one 
portion  instantly  flashes  into  the  state  of  gas,  and  absorbs  so  much 
heat  that  the  portion  which  remains  is  converted  into  a  compact 
solid  mass. 

In  warm  climates,  the  evaporation  of  water  is  commonly  employ- 
ed to  moderate  the  sultriness  of  the  air,  by  the  agreeable  cold  and 
freshness  it  produces.  The  Spanish  alcarrazas  are  earthen  vessels, 
BO  porous  that  any  liquid  which  is  put  in  them  gradually  filters 
througl!,  and,  evaporating  from  the  outer  surface,  cools  the  interior 
mass.  In  chemical  operations,  the  same  mode  of  refrigeration  is  in 
constant  use ;  and  when  describing  these  operations,  the  action  of 
this  principle,  in  the  construction  of  the  apparatus  used,  will  be  re- 
ferred to. 

The  conversion  of  a  liquid  into  vapour  at  ordinary  temperatures 
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IS  often  called  spontaneous  evaporation ;  and  in  the  case  of  water, 
from  the  great  extent  to  which  it  hecomes  subservient  to  the  econ- 
omy of  nature,  this  process  is  one  of  high  importance.  It  was  for- 
merly supposed  that  the  atmosphere  was  necessary  to  evaporation; 
and  tills  idea  was  strengthened  by  the  fact,  that  by  a  current  of  air 
the  evaporation  is  much  assisted  j  but  it  is  now  established  that  the 
pressure  of  air  is  really  an  obstacle  to  evaporation,  and  that  a  cur- 
rent is  useful,  not  by  supplying  new  quantities  of  air,  but  by  re- 
moving ibe  vapour  according  as  it  is  formed,  and  leaving  fresh 
spaces  into  which  it  may  expand.  When  a  liquid  forms  vapour, 
the  quantity  formed  is  determined  only  by  the  space  into  which 
the  vapour  may  spread,  and  by  the  temperature.  It  is  no  matter 
whether  the  space  be  occupied  before  by  other  vapours  or  by  air, 
or  whether  it  be  a  vacuum  j  the  quantity  of  vapour  which  can  form  in 
it  is  in  all  these  cases  the  same. 

DaUon  was  the  first  who  clearly  showed  that  different  gases  and 
vapours  offer  no  resistance  to  each  other's  elasticity  :  thus,  that  the 
particles  of  watery  vapour  in  the  air  are  not  subjected  to  the  press- 
ure of  the  atmosphere,  but  on!y  influenced  by  the  pressure  of  the 
particles  of  the  same  kind ;  and  hence,  that  at  32',  when  the  elas- 
ticity of  vapour  is  only  0'200  inch,  it  retains  perfectly  its  elastic 
constitution,  though  diffused  through  an  atmosphere,  the  elasticity 
of  which  may  equal  thirty  inches.  If  we  moisten  the  interior  of  a 
bell  glass,  filled  by  air,  with  ether,  alcohol,  sulphuiet  of  carbon,  and 
(vater,  all  mixed  together,  there  will  be  formed  in  the  bell  as  much 
of  the  vapour  of  each  substance  as  if  the  bell  had  been  completely 
empty  of  the  others;  each  vapour  will  exercise  a  pressure  propor- 
tional to  its  elasticity,  and  by  the  sum  of  all  these  pressures,  the 
[iressure  of  the  external  aii  will  be  equilibrated.  It  is,  consequent- 
y,  possible  to  produce  the  rapid  evaporation  of  one  fluid,  while  an- 
other beside  it,  or  even  mixed  with  it,  shall  not  evaporate  at  all;  it 
being  only  necessary  to  remove  the  vapour  of  the  one  as  rapidly  as 
it  is  formed,  while  the  portion  of  the  vapour  of  the  second  produ- 
ced in  the  first  instance  shall  remain,  and  prevent  its  farther  change. 
Thus,  by  placing  a  shallow  dish  of  dilute  alcohol  under  the  receiv- 
er of  an  air-pump,  with  a  quantity  of  quicklime,  the  latter  combines 
with  and  absorbs,  the  watery  vapour  as  fast  as  formed ;  and  there 
is,  hence,  a  continual  evaporation  of  the  water,  while  the  alcohol, 
after  generatittg  as  much  vapour  as  once  fills  the  receiver,  is  press- 
ed upon  by  it,  and  cannot  form  any  more.  In  this  manner,  alcohol, 
almost  quite  pure,  though  much  the  more  volatile,  in  the  ordinary 
sense,  may  be  obtained  by  the  evaporation  of  its  solution  in  water, 
as  it  were  to  ih-yness. 

If  the  liquid  be  in  excess,  the  vapour  possesses  the  elasticity 
belonging'  to  its  temperature ;  but  if  there  be  not  liquid  enough  to 
form  ao  much  vapour,  the  vapour  formed  then  expands,  so  as  to  oc- 
cupy the  entire  space,  and  its  elasticity  diminishes  in  proportion  to 
the  increase  of  volume ;  vapours  being  regulated  by  the  same  law 
of  pressure  which  holds  with  gases. 

If,  thus,  a  bell  glass  of  atmospheric  air  be  confined  over  water  at  the  tempera- 
ture of  80°,  a  quantity  of  vapour  diffuses  itself  through  the  air,  and.  as  there  is 
water  in  excess,  the  elaatjcily  of  that  vapour  will  be  I'OO  inch.  Now  if  we  suppose 
the  elasticity  of  the  air  to  hare  been  previously  30  inches,  it  will  become,  by  the 
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addition  of  tlie  vapour,  39,  for  tlie  vapnur  counteracts  one  inoli  of  llie  external  at- 
mospheric pressure ;  the  air  in  the  bell  glass  will  then  expand  in  the  proportion  of 
30  to  SO;  or,  ivliat  is  the  same  in  practice,  the  volume  of  the  damp  air  IR  tlie  same 
aa  the  volume  which  the  vapour  should  occupy,  if  condensed  in  the  proportion  of  its 
own  elasticity  to  the  atmospheric  pressure,  added  to  the  volume  occupied  by  the 
air  when  dry.  It  is  thus  that  the  volumes  of  gases  cjjiiected  over  water  are  cor- 
rected for  the  watery  vapour  that  is  mixed  with  them.  Thus,  in  the  analysts  of  a 
substance  containing  nitrogen,  let  us  suppose  that  8-54  cahic  inches  of  nitrogen  have 
been  collected  over  water  at  the  temperature  of  68°,  and  the  barometitc  presstu* 
being  3935  inches ;  at  that  temperatitre  the  elasticity  of  vapour  is  OSS,  and  lience 
that  of  the  dry  air  is  39-35— 0'S8=28'77.  The  volumes  which  they  occupy  are  as 
these  numbere,  and  hence  the  854  of  damp  gas  consists  of  Jg'j^XS  64=017  of 
watery  vapour,  and -fl^x  864=8  37  of  dry  nitrogen. 

This  volume  should  still  be  corrected  for  temperature  and  pressure  before  the 
quantity  of  nitrogen  by  weight  could  be  obtained  from  it. 

Where  the  air  is  not  completely  saturated  with  the  watery  va- 
pour, it  is  not  so  easy  to  determ  e  ll  e  exact  q  lantity  of  vapour 
which  it  contains.  One  of  the  hest  n  ethoda  consists  in  cooling  it 
until  its  volume  is  so  much  diminisl  ed  li  at  1  e  quantity  of  vapour 
is  sufficient  to  saturate  it,  and  from  tie  temperature  at  which  this 
occurs  the  quantity  of  vapour  may  be  calculated  This  temperature 
is  termed  the  dew  point  of  the  air  or  gas  because,  if  cooled  in  the 
least  below  that  point,  a  quantity  of  liquid  water  is  deposited  in  the 
form  of  dew  upon  the  nei  hb  g      Id  bodies.     This  may  be  ea- 

sily done  by  taking  a  .tumbl        f  somewhat  too  warm,  and 

cooling  it  gradually  by  di      1      g   n  little  mixed  nitre  and  sal 

ammoniac,  until  a  slight  dp  n    f  d    v  is  perceptible  on  the  ex- 

terior of  the  glass  ;  the  w  h  n        he  temperature  of  the  dew 

point.     Another  method  c  b     vin^  the  vapidity  of  evap- 

oration from  the  surface  f  1  b  11  fa  thermometer  which  is 
covered  with  muslin  kept  hy  The  thermometer  so  ar- 

ranged is  always  at  a  low  p  han  an  ordinary  thermom- 

eter, from  the  quantity  of  h  d     way  by  evaporation,  and 

the  temperature  will  be  io  p    p         n  to  the  amount  of  evapo- 

ration.    In  dry  air,  evapo  kest ;  in  air  saturated  with 

moisture  evaporatioii  ceas  d        1!      ermediate  degrees  there  is 

a  connexion  between  the  q  y  ure  already  present  in  the 

air  and  the  depression  of  temperature,  which  accompanies  the  forma- 
tion of  as  much  more  as  will  saturate  it.  This  method  is  peculiarly 
of  interest  from  the  means  which  it  afforded  to  Apjohn  of  ascertain- 
ing the  specific  heats  of  the  gases  already  noticed,  and  it  is  easy 
now  to  understand  the  general  principle  upon  which  his  process 
was  estabJished.  If  we  consider  a  certain  space  which  may  be  fill- 
ed by  the  different  gases  in  succession,  and  these  gases  being  dry, 
they  are  made  to  saturate  themselves  with  watery  vapour,  for  the 
formation  of  which  they  themselves  supply  the  heat,  it  will  be  ea- 
sily seen,  that  as  the  quantity  of  heat  to  be  given  out  is  the  same 
for  all,  their  temperatures  will  he  reduced  in  a  degree  inverse  to 
their  specific  heats.  Hydrogen  with  a  high  specific  heat  will. only 
require  to  cool  about  one  third  the  number  of  degrees  necessary  for 
air  or  other  gases.  The  numerical  results  obtained  by  this  proceas 
have  been  already  given. 

Instniments  for  the  jiurpcse  of  determining  the  quantity  of  the  watery  vapom 
which  the  atmosphere  contains  are  termed  hygromelers,  and  that  of  Daniell  is  one 
«f  the  most  elegant  and  most  useful    It  is  a  cryopliorus,  a  be,  whicli  in  place  of 
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water  contains  ether,  and  in  ona  bulb  ol 
which,  i  d,  is  fixed  a  very  delicate  thennom- 
eter,  Tliis  butb  is  made  of  blacliened  glaas, 
and  the  other  bulb,  a,  is  covered  with  a  tittiu 
bag  of  muslin.  All  the  ether  having  biien 
made  to  pass  into  the  black  glass  bulb,  a  little 
ether  is  poured  on  the  muslin,  envelope  of  the 
other.  This,  by  condensing  the  vapour  inside, 
(.auses  the  etiier  to  distil  from  the  blackened 
I  ulb,  end  thus  cools  it  and  the  air  in  contact 
vitlk  it,  until  it  arrives  at  the  point  of  satura- 
tion, when  a  dew  of  liquid  water  begins  to  be 
deposited,  which  is  at  once  observed  upon  the 
blackened  glass.  The  internal  thermometer 
shows  the  temperature  of  the  bulb,  which  is 
the  dew  point,  and  a  thermometer  which  is 
attached  to  the  support  of  the  instrument 
shows  the  temperature  of  the  external  air. 

When  the  dew  point  has  been  thus  deter- 
mined, the  subsequent  calculation  is   very 
^_^_  simple.     Thus,  if  there  be  air  at  73°,  (rf 

which  the  dew  point  is  45°,  the  barometric  pressure  being  30  inches,  the  elasticity 
of  steam  at  45°  is  0  316 ;  and  as  the  eiasticity  diminishes  according  as  ttte  volume 
increases  from  46"  to  73°,  the  elasticity  of  the  vapour  in  the  air  at  73"  is  0  30 ;  and 
the  atmospheric  pressure  of  30  inches  is  produced  by  the  dry  atmosphere,  which 
balances  39*70,  and  the  watery  vapour  which  balances  0-30 ;  and  the  respective 
volumes  are  as  these  pressures. 

Gay  Lussac  has  sought  to  estabUsh  a  close  relation  betiveen  the  manner  in  which 
solid  bodies  dissolve  in  liquids,  and  that  in  which  vapours  diffuse  themselves  through 
space.  Thus,  if  a  solid  body  dissolved  only  because  the  liquid  diminished  the  co- 
hesion of  its  particles,  the  diminution  of  that  cohesion  In  another  way  should  in- 
crease the  solubility  very  much ;  this,  however,  does  not  occur.  'Wlien  paraffine 
dissolves  in  alcohol,  the  solubility  increases  steadily  with  the  temperature,  and  does 
not  change  more  rapidly  at  the  temperature  when  the  paraffine  melts  than  at  any 
other.  This  is  the  case  alsowithraanyoEher  easily  fusible  bodies.  Hence  he  com- 
pares Che  diffusion  of  particles  of  the  solid  through  the  liquid  to  the  diffusion  of  par- 
ticles of  vapour  of  water  Ijirough  the  air,  which  is  not  affected  by  the  solid  or  liquid 
forni  of  the  water,  but  depends  only  on  the  temperature;  and  certainly  this  view, 
though  not  applicable  to  all,  or  even  themajority  of  cases  of  solution,  is  of  much  in- 
terest, as  pointing  out  a  similarity  between  solution  and  vaporization  previously  un- 
noticed, and  which  may  be  applied  to  tlie  explanation  of  many  anomalous  facts. 

The  employment  of  steam  as  a  moving  power  is  of  so  much  ifp- 
portance  to  science  and  to  the  arts,  that  it  would  be  improper  to 
terminate  a  discussion  of  the  properties  of  vapours  without  any 
nllusiou  to  the  manner  in  which  it  is  utilized.  The  little  steam  cyl- 
inder of  Wollaston  figured  in  the  margin  contains  all 
that  is  essential  to  the  application  of  steam,  in  princi- 
ple, to  produce  motion,  A  glass  tube,  terminating  be- 
low in  a  bulh,  is  fitted  with  a  little  steam-tight  piston, 
which  slides  up  and  down,  the  rod  passing  through  tlie 
brass  cap  at  top.  If,  now,  a  little  water  be  placed  in 
'  the  bulb  and  boiled,  its  steam,  pressing  on  the  bottom 
of  the  piston,  forces  it  up  ;  and  when  at  top,  if  the  bulb 
be  dipped  into  cold  water,  the  steam  condenses,  and 
the  pressure  of  the  external  air  forces  the  piston  down 
again.  This  may  be  repeated  any  number  of  times, 
and  is  the  essential  element  of  the  atmospheric  steam 
engine  of  Newcomen.  It  was  in  this  form  when  Watt 
commenced  his  improvements  on  it ;  and  by  applying 
all  the  resources  of  the  exact  knowledge  of  the  properties  of  hent 
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then  first  obtained  by  himself  and  liis  Ulustrioas  associate  Black, 
he  converted  it,  tboug-h  still  without  changing  its  fundamental  prin- 
ciple, from  the  machine  of  Newcomen,  which  had  been  rejected 
from  practice  for  its  inefficiency  and  expense,  into  tlie  instrument 
which,  after  the  art  of  printing,  must  be  considered  as  the  most 
powerful  material  a^ent  of  human  improvement  and  civilization  of 
which  mankind  has  ever  obtained  poe&essiou. 

The  similaritj  of  cunstituiion  or  gases  aail  vapours  lias  been  already  jiointeil  uut 
on  manj  occasians,  and  particulaijy,in  page  SI,  tbe  conversion  of  gases  into  liquids 
by  tlie  application  of  great  pressure  has  beeji  detailed.  A  liqueJied  gas  so  con- 
tained in  a  close  vessel  is  precisely  in  the  condition  of  water  heated  in  a  digester, 
as  in  the  apparatus  figured  in  page  SO,  far  abuue  its  boiling  puint,  and  generating 
Hteam  possessed  of  considerable  tension.  Off  this  analogy  has  been  founded  an  in- 
teresting speculation  concerning  tlie  temperatures  at  which  the  gases  would,  at  or- 
dinary pressures,  assume  their  liquid  form,  that  is,  their  boiling  points  when  liquid. 

At  a-S"  the  tension  of  liquid  nitrous  oxide  is  50  atmospheres. 
At  330'  "  "  •■  44 

Tor  IS-S"  an  increase  of  tension  of        .     .     .     R  atmospiieres. 


Liquid  carbonic  acid  e 


„  I  DiHerenoe  20° 
o  \  DiffereuLe,  31° 
°  iDiffcieni.e   22" 


Muriaticacidexerls,whenliquid,  atensionofSSatmos.  a 
and  of  SO      '•       ' 
Steam  balances 35  almospheres  at      ......     ■   *39;5°  |  DrfTerence,  St' 

Ammoniaiiqueliesandexertsapressureof6-5atmos.at        60^  j  Difference,  18= 
Steam  exerts  a  pressure  of  6-6  atmospheres  at     .    .    ■  328°^^  |  D,fn.rence,  18  5= 

It  is  hence  evident  that,  in  every  case,  the  rate  of  increase  of  elasticity  of  these 
gases  with  the  temperature  fullovvs  the  same  law  as  that  of  steam ;  and  there  is, 
therefore,  good  reason  to  believe  that,  if  the  elasticity  were  diminished  to  one  at- 
illosphere,  the  reduction  of  temperature  necessary  to  efifect  it  should  be  regii^ted 
by  the  same  law  as  that  of  watery  vapour ;  the  gases  should  then,  under  the  ordi- 
nary pressure  of  30  inches,  become  hquid,  and  when  liquid,  their  boiling  points 
should  be : 

Nitrous  oxide =  —  SSSi"  Fahrenheit. 

Carbonic  acid =^  —  330-8°  " 

Muriatic  acid =  —  3030°  " 

Ammonia =  —    634°  " 

The  great  increase  of  elasticity  which  these  liquefied  gases  acquire  by  a  change 
of  temperature,  limited  to  a  very  few  degrees,  has  led  to  sanguine  opinions  of  tbeir 
advantages  as  a  source  of  povrer  in  machines.  No  experiments  at  all  sufficiently 
satisfactory  to  be  decisive  upon  the  question  have  as  yet  been  made. 

There  are  some  other  properties  of  gases  which,  although  closely  connected  with 
.  the  subject  now  discussed,  I  shall  postpone,  in  order  to  introduce  them  where  thej 
are  found  to  be  of  the  most  practical  importance.  Thus,  the  manner  in  which 
gases  spread  throngh  each  other,  in  virtue  of  their  diffusive  power,  will  be  descri 
bed  under  the  head  of  Atmospheric  Air,  to  the  proper  constitution  of  Which  this 
law  is  indispensable.  The  relation  of  gases  to  water,  their  solubility  in  lliat  and 
other  liquids,  and  the  various  modes  of  depriving  them  of  moisture  for  the  purpose 
of  chemical  esperiments,  shall  enter  into  the  history  of  the  physical  am!  chemical 
properties  of  watei. 
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OF   Till!   TBAKSMISSIOH   OF  HEAT  THROUGH   BODIES. 

It  is  a  matter  of  every-day  experience,  that  heat  may  be  propagated 
from  one  part  of  a  body  to  another,  and  also  that  this  propagation 
takes  place  in  unequal  degrees  with  different  bodies.  Thus,  if  one 
extremity  of  a  poker  be  heated  to  bright  redness,  the  othw  will  be- 
come BO  hot  as  to  be  intolerable  to  the  hand;  while,  if  a  stick  of 
the  same  length  be  inserted  in  the  fire,  the  heated  extremity  may  be 
completely  burned  ofi^,  without  the  farther  extremity  having  its  tem- 
perature raised  in  any  remarkable  degree.  The  extremity  of  a  glass 
rod  may  be  melted  by  the  flame  of  a  blowpipe,  though  held  in  the 
fingers  scarcely  an  inch  from  the  flame:  but  we  shall  find  it  difficult 
1     h  m   y    f        1        wire,  from  the  heat  spreading  it- 

If  n  lly  h  gh  m  and  elevating  the  temperature  of 
I     g  h    1  1         me  degree.     Bodies  which  act  like 

1  d  1        h        well,  and  are  termed  conductors. 

B  d  h    h  p         Ik    wood  or  glass,  are  termed  non-con- 

d  I  Ij       d  ff  of  degree,  for  there  is  no  body 

\khich  prevents  totally  the  passage  of  heat  across  its  mass. 

The  propagation  of  heat  through  a  body,  in  virtue  of  its  conduct- 
ing power,  is  supposed  to  take  place  from  particle  to  particle,  pre- 
cisely as,  when  we  apply  a  heated  to  a  cold  ball  of  iron,  the  latter 
becomes  warmed  at  its  point  of  contact.  If,  in  place  of  using  balk 
of  iron,  cubical  masses  were  employed,  touching  by  their  surfaces, 
the  communication  of  heat  would  be  much  more  rapid,  from  the 
greater  number  of  points  at  which  transmission  could  fake  place. 
In  the  interior  of  a  body  we  should  expect,  therefore,  to  find  the 
degree  of  approximation  of  the  particles  to  have  some  influence  on 
the  rapidity  of  transmission,  that  is,  on  the  conducting  power,  oi,  in 
other  words,  that  the  power  of  conducting  heat  should  have  some 
relation  to  the  density  and  the  cohesion  of  each  body. 

Many  series  of  experiments  have  been  made  to  determine  the  con- 
ducting power  of  different  bodies.  Such  experiments  may  be  ar- 
ranged in  a  variety  of  ways.  Thus,  if  a  number  of  similar  rods,  of 
different  substances,  be  coated  to  a  certain  distance  from  one  ex- 
tremity with  wax,  and  then  heat  be  applied  to  the  other  extremity, 
the  wax  will  me!t  according  as  the  temperature  of  each  rod  rises, 
from  the  transmission  of  the  heat  along  it ;  and  the  length  of  the 
coating  melted  at  the  end  of  a  certain  time  will  be  a  measure  of  its 
conducting  power.  Another  mode  consists  in  forming  the  sub- 
stances to  be  tried  into  disks,  and,  having  placed  a  small  morsel  of 
phosphorus  upon  each,  warming  all  equally  by  laying  them  on  a 
heated  surface.  The  phosphorus  inflames  first  upon  the  disk  which 
transmits  most  readily  the  heat,  and  on  the  other  disks  in  the  order 
of  the  conducting  power  of  their  substance.  But  such. experiments 
are  only  useful  in  giving  the  order  of  conducting  power  in  a  gen- 
eral way,  and  are  inapplicable  to  exact  purposes. 

The  best  results  are  those  which  have  been  obtained  by  Despretz, 
whose  method  was  the  following.  All  the  bars  used  in  his  experi- 
ments were  square  prisms,  and  were  all  covered  with  the  same  black 


b,  Google 


ySBELATIVE     CONDUUTIN.O     POWER     OF     SOLIDS. 

varnish,  in  order  that  the  loss  of  heat  from  their  surface  might  be 
exactly  similar.  At  every  four  inches  of  their  length  was  a  hole 
bored  to  half  the  depth  of  the  bar,  which  was  filled  with  oil  or  mer- 
cury, into  which  the  bulb  of  a  delicate  thermometer  dipped,  so  as 
at  every  instant  to  show  the  temperature  of  the  bar  at  this  series  of 
points.  By  means  of  a  lamp  applied  to  one  extremity  of  the  bar, 
it  was  strongly  heated,  and  the  steadiness  of  the  heat  secured  by 
finding  the  temperature  of  the  thermometer  nearest  the  lamp  to  be 
stationary  for  six  hours,  the  usual  time  of  an  experiment.  The 
temperature  of  the  air  of  the  room,  which  should  scarcely  at  all 
vary  during  that  time,  is  known  by  a  thermometer. 

After  the  bar  has  been  heated  for  two  or  three  hours,  each  ther 
mometer  arrives  at  a  temperature  which  thenceforth  continues  the 
same  as  long  as  the  source  of  heat  is  kept  up.  This  temperature 
depends  on  the  dilTerence  between  the  quantity  of  heat  that  is  prop- 
agated along  the  bar  from  the  lamp,  and  the  quantity  which  is  lost 
by  cooling.  The  excess  of  the  temperatures  of  the  thermometers 
attached  to  the  bar  above  the  temperature  of  the  room,  forms,  there- 
fore, a  series,  the  ratio  of  which  depends  upon  the  conducting  pow- 
er of  the  bar  in  a  manner  which,  though  not  simply  proportional, 
is  easily  deduced  from  it  by  calculation.  By  these  principles,  of 
which  the  theory  was  given  by  the  celebrated  Fourier,  Despretz  has 
deduced,  from  his  experiments,  the  following  conducting  powers, 
gold  being  assumed  as  the  standard  for  comparison. 


Gold      .... 

.    .     .  1000 

Tin 

...     973 

Lead 

Marble 

POTcelain 

Iron      .... 

...    374 

Fireclay 

Although  this  series  presents,  when  compared  with  the  specific 
gravities,  or  other  physical  properties  of  these  bodies,  very  great 
diversity,  yet  it  is  remarkable  that  the  more  expansible  and  more 
fusible  metals,  tin,  lead,  and  zinc,  are  those  which  conduct  heat 
worst.  The  position  of  platina  is,  however,  quite  anomalous,  and 
must  prevent  any  attempt  at  generalization. 

The  difference  of  the  conducting  power  of  solid  bodies  is  of  daily 
utility  in  ordinary  life,  as  well  as  in  chemical  operations.  It  is  thus 
that  substances  of  exactly  the  same  temperature  may  produce  quite 
opposite  sensations  to  the  hand.  If  we  grasp  in  one  hand  a  piece 
of  metal,  and  in  the  other  a  piece  of  wood,  both  at  ISO'',  the  hand 
wil!  be  reddened  and  blistered  by  the  former,  but  the  latter  will  feel 
only  moderately  warm.  If  the  metal  and  wood  be  both  cooled  to 
32^,  the  former  will  feel  intensely  cold,  but  the  latter  scarcely  at  ail 
so.  In  the  first  case,  the  metal  gives  out  its  heat  to  the  hand,  and 
in  the  second,  abstracts  it  from  the  hand  so  rapidly  that  the  nerves 
and  circulation  become  acutely  sensible  of  the  change;  but  with 
the  wood,  from  its  low  conducting  power,  the  flow  of  heat  takes 
place  so  gradually  in  each  direction  as  almost  to  escape  notice. 
The  brickwork  of  a  fireplace  or  of  a  furnace  is  for  the  purpose  of 
keeping  the  heat  generated  by  combustion  f'om  spreading  to  the 
surrounding  bodies,  and  so  being  lost.     It  woi.ld  be  difficult  to  light 
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a  fire  in  a  massive  metallic  grate,  for  the  heat  would  be  so  rapidly 
carried  off  by  its  conducting'  power,  that  the  fuel,  if  not  well  lighted 
before  being  introduced,  would  be  cooled  down  and  extinguished. 

Liquids  conduct  heat  but  very  slowly ;  so  slowly,  that  they  were 
long;  considered  to  be  true  non-conductora.  It  is  now  satisfactorily 
proved,  however,  that  they  do  conduct ;  and  although  no  accurate 
numbers  have  been  obtained,  their  power  appears  to  be  generally  as 
their  density;  mercury  being  the  best  conductor,  and  alcohol  and 
ether  being  the  worst.  This  low  conducting  power  may  e 
demonstrated  by  experiment.  Thus,  if  in  ajar  of  water  a 
mometer  be  inverted,  so  that  its  bulb  shall  be  very 
near  the  surface,  and  the  cup  containing  ether  be  laid 
Boating  on  the  ivater,  as  in  the  figure,  the  ether  may  ^ 
be  set  on  fire,  and  allowed  to  burn  for  a  considerable  \ 
time  before  any  action  on  the  thermometer  becomesf 
sensible,  and  even  then  the  heat;  appears  to  ha\e 
travelled  rather  by  the  solid  material  of  the  gH  s' 
than  by  the  water.  If  a  little  water  be  frozen  in  the ' 
bottom  of  a  narrow  tube,  and  a  solid  adherent  piec  ^] 
.of  ice  being  so  obtained,  if  more  water  be  pourei' 
so  as  to  cover  the  ice  to  the  depth  of  a  few  incl 
on  inclining  the  tube,  and  applying  the  fiame  » 
lamp  to  the  water  near  the  surface,  it  may  be  lippt  boilino  violrntly, 
and  for  a  long  time,  before  the  ice  begins  to  liquefy  and  eien  then 
it  is  by  the  glass  material  of  the  tube  that  the  heat  is  conveyed. 

Notwithstanding  such  facts,  it  is  still  well  known  that  heat  may 
be  communicated  through  large  quantities  of  fluid,  so  that  the  mass 
shall  be  rapidly  and  uniformly  heated.  It  occurs,  then,  not  by  con- 
duction, but  by  diffusion ;  and  the  source  of  heat  cannot  be  applied 
indifferently  to  any  surface  of  the  fluid,  as  it  might  be  to  a  solid 
body,  but  must  be  applied  underneath.  When  any  portion  of  a 
liquid  is  heated,  it  expands,  and,  becoming  specifically  lighter,  as- 
cends m  the  mass  and  is  replaced  by  the  colder  and  bean  ler  por 
tions,  which,  being  m  their  turn  heated  ascend  tlso,  and  ^ 
thus  generate  a  circulating  current  of  iscenclmg  nai 
and  de^cendrng  cold  liquid  as  m  the  figure  bj  which  | 
every  particle  of  the  liquid  i-^  brought  m  succession  into 
contact  nith  the  source  of  heit  and  the  resulting  'em 
peratme  quickly  and  uniformly  gamed 

In  the  cise  of  water   and  such  liquids  as  have  a  point 
of  ma\imum  density  this  communication  of  heat  by  a? 
cpndmg  and  descending  currents    occurs  in  the  invers 
ordei  below  that  point      Thu*   to  warm  water  which  i 
below  39  D  ,  the  heat  should  be  applied  above   or  to  cool  | 
It  farther  the  heat  should  be  absti  acted  below      On  this  | 
property  depends  the  preseriit  on  of  the  lakes  at 
of  these  countries  from  total  and   eternal  congelation  | 
VYhen  the  mass  of  v,  ater  becomes  cooled  to  39  5  ,  the  s 
pcrfioial  H\er  becoming  bghter  IS  It  cools  more  prevents  t 
iy   iti  nonconducting  poiter    the  farther  ab'itraction  of  1^ 
heat  from  the  deeper  portiona  ,  b  it  w  hen  the  \(  ai 
spring  p\a.\  s  on  it   the  heat  is  i  ipidlj   diffused  fr  m  above  dowi 
ward,  until  the  temperatuie  of  the  entire  mass  is  raised  to  39  5' 
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In  their  mode  of  communicating-  heat,  gases  resemble  liquids. 
Tlieii"  true  conducting  power  is  quite  insensible,  but  by  the  currents 
whicii  are  produced  by  the  ascent  of  warm  and  the  descent  of  cold 
particles,  they  abstract  and  communicate  heat  with  great  rapidity. 
The  difference  is  easily  felt  by  holding  the  hand  first  at  the  side 
and  then  over  the.  flame  of  a  candle,  the  distance  being  the  same, 
In  the  latter  case  the  great  increase  of  heat  arises  from  the  ascend- 
ing current  of  heated  air,  which  does  not  affect  the  hand  when  at 
the  side. 

The  non-conducting  power  of  gases  is  practically  of  great  impor- 
tance. The  different  kinds  of  clothing  owe  their  warmth  to  the  fact 
that  they  prevent  the  heat  of  the  body  from  escaping  ;  this  they  ef- 
fect not  BO  much  by  the  power  of  their  proper  solid  substance,  as 
by  being  of  a  loose  and  spongy  texture,  they  imprison,  in  their  pores 
a  quantity  of  air,  which,  not  being  able  to  form  those  continual  cur- 
rents, acts  as  a  non-conductor.  The  more  loose  and  spongy,  there- 
fore, the  tissue  of  a  cloth  may  be,  the  more  air  does  it  confine  and 
the  warmer  it  is.  This  is  fully  supported  by  the  experiments  of 
Rumford,  who,  having  heated  to  the  same  degree  a  thermometer 
imbedded  in  the  materials  of  which  clothing  is  generally  made, 
■found  that  it  cooled  through  135'  with 

Air  in     576"  I  Raw  silk        in    1384" 

Fine  tint  •'     1033"  Beaver's  fur   '■     1296" 

Cotton  wool      "     1046"  Eider  down     "     1305" 

Sheep's  wool    "     1118"  |  Hare's  fur       "     1315" 

When  these  bodies  are  tightly  compressed,  so  as  to  diminish  the 
quantity  of  air  confined  within  their  tissue,  the  power  of  retaining 
warmth  diminishes  in  the  same  degree. 

On  standing  before  a  fire,  the  influence  of  the  heat  is  felt  even 
at  a  considerable  distance,  although  the  air  is,  as  has  been  just  stated, 
BO  bad  a  conductor  that  the  warmth  cannot  be  ascribed  to  direct 
..transmission  through  its  mass  ;  and  since  a  current  of  air  is  passing 
to  the  fire  in  order  to  supply  its  conduction  and  produce  the  draught 
of  the  chimney,  no  heat  can  arrive  at  the  body  by  the  current  from 
the  fire.  Also,  if  a  heated  iron  ball  be  suspended  in  a  room,  it 
propagates  heat  in  all  directions,  although  Ihe  current  of  air  which, 
so  far  ?s  has  been  yet  described,  alone  can  convey  any  great  quan- 
tity of  heat,  is  directed  only  upward.  Heat  is  therefore  propagated 
by  a  third  mode,  distinct  from  diffusion  and  from  combustion;  and 
the  heated  body  being  supposed  to  emit  actual  quantities  of  heal  in 
straight  lines  or  rays  from  every  point  of  its  surface,  this  mode  is 
termed  radiation. 

Radiation  is  remarkably  distinct  from  conduction  and  diffusion 
in  not  requiring  for  its  existence  any  material  mediizm.  On  the 
contrary,  the  existence  of  any  coherent  substance  in  their  path  is 
an  obstacle  to  the  transmission  of  the  rays  of  beat,  and  hence  in 
most  solids  and  liquids  there  is  little  heat  transmitted  by  radiation, 
unless  we  look  upon  conduction  as  a  kind  of  radiation  from  particle 
to  particle  in  the  interior  of  the  mass,  and  it  is  only  with  gases  that 
radiation  is  equal  to  what  takes  place  in  empty  space.  A  heated 
body  throws  off  rays  of  heat  precisely  as  a  luminous  body  throws 
off  rays  of  light ;  and  in  every  detail  of  physical  constitution  that 


b,  Google 


has  yet  been  discussed,  there  exists  a  perfect  similarity  between 
heat  and  light  in  these  radiant  forms. 

Different  bodies  radiate  heat  with  different  powers,  which  appear 
to  depend  more  upon  the  mechanical  nature  of  the  surface  tlian 
upon  the  internal  constitution  of  the  body.  When  any  substance  is 
interposed  in  the  path  of  the  rays  of  heat,  these  are  either  reflected, 
(  absorbed,  or  they  pass  through  tiie  body  without  loss.  In 
1,  all  these  effects  are  in  part  produced;  that  is  to  say,  one 
portion  of  the  incident  rays  will  be  transmitted,  another  portion  re- 
flected, and  a  third  will  disappear  by  being  absorbed.  There  are 
thus  in  relation  to  radiant  heat  four  qualities,  which  varions  sub- 
stances possess  in  different  degrees,  the  radiating,  the  absorbing,  the 
reflecting,  and  the  transmitting  power. 

The  rays  of  heat  may,  like  those  of  light,  be  concentrated  by  re- 
flection or  refraction.  By  the  former  mode,  that  originally  used  by 
Prevost  and  by  Leslie, 
monstrated  in  a  simple 

The  form  of  apparati 
periments  on  radiant 

fleeting  mirrors  of  pol 
ished  silvered  copper 
of  a  paraboloid  form 
A  B  ;  the  propertj  ot 
this  figure  being  tl  at 
rays  emanating  from 
the  fociis  of  one  mir- 
ror are  reflected  from  ~ 
it  in  parallel  directions,  and  falling  thus  parallel  upon  the  other,  are 
brought  to  convergence  in  its  focus.  In  this  manner  the  heat  ra- 
diating from  a  body  may  be  concentrated  upon  a  single  point,  and 
all  its  properties  determmed  with  great  precision.  Thus,  a  hot  iron 
ball  may  be  placed  at  a  distance  of  a  few  feet  from  a  bit  of  phos- 
phorus for  any  length  of  time  without  affecting  it ;  but  if  the  hot 
ball  be  placed  in  the  focus  of  one  mirror,  C,  and  the  phosphorus  in 
the  focus  of  the  other,  D,  this  immediately  begins  to  melt,  and  after 
a  moment  bursts  into  flame.  If  the  hand  be 
held  in  the  focus,  it  feels  hot ;  but,  on  moving 
it  much  nearer  to  the  source  of  heat,  the  iron 
ball,  it  feels  cooled.  It  is  thus  not  by  the  di- 
rect conduction  of  the  air,  or  by  diffusion  of 
warm  currents,  that  the  effects  are  caused, 
but  from  the  radiation  of  heat  in  a  form  which, 
liice  light,  admits  of  being  reflected  from  pol- 
ished surfaces,  and  concentrated  upon  a  focus, 
and  which  will  be  found  to  foUow  the  analogy 
of  light  through  all  its  branches. 

If  a  thermometer  be  placed  in  the  focus  of 
the  mirror  opposite  the  heated  ball,  it  imme- 
diately indicates  the  rise  of  tomperatui 
may  serve  to  measure  it.     But  it  is  only  the  Xl. 
air  thermometer  which  is  delicate  enough  for 
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Euch  experiments,  and  it  is  specially  for  this  use  that  the  differen 
tial  air  thermometer  is  constructed.  One  bulb  being  placed  in  the 
focus,  the  difference  of  temperature  between  the  two  bulbs  is  in- 
stantly shown';  and  it  is  thus  also  proved  that  the  rise  of  tempera- 
ture is  local,  that  it  is  confined  to  the  point  where  the  rays  of  heat 
are  brought  to  meet,  for  the  insttument  is  insensible  to  every  gen- 
eral change  of  temperature,  no  matter  how  extensive. 

By  means  of  this  apparatus,  the  radiating  and  absorbing,  as  well 
as  the  reflecting  and  transmitting  powers  of  bodies  may  be  exam- 
ined. The  radiating  power  may  be  conveniently  esliibited  by  filling 
a  tin  cube,  a,  with  boiling 
water,  and  applying  to  the 
surfaces  of  the  cube  the  bod- 
ies which  are  to  be  exam- 
Thus,  one  side  being 
left  brightly  polished,  an- 
other dimmed  by  being  tub- 
bed with  sand  paper,  a  third 
co\'ered  by  paper,  and  the 
fourth  being  blaclfed  by  the 
smoke  from  a  candle,  each 
)r  c,  gives  out  a  quantity  of 
er,  and  this  being  reflected 
the  focus,  is  measured 
idiating  power  of  the 


side,  on  being  turned  towards  the  mi 
heat  proportional  to  its  radiating  pi 
and  brought  to  bear  upon  the  thermot 
by  its  indication.     Leslie  thus  found  thi 
following  surfaces  to  be  relatively. 


Lampblack  .  . 
Writing  paper  . 
Crown  glass  . 
Ice 


...    85 
Red  lead 80 


Plumbago 75 

Tarniaheil  lead     ....  45 

Clean  lead 19 

Polislied  iron   .....  15 

Other  briglit  metals  ...  12 


It  is  here  evident  that  the  radiating  power  is  quite  independent  of  the  colour  of 
the  body,  and  chat,  in  all  cases,  those  bodies  with  bright  metallic  surfaces  radiate 
least,  the  radiating  power  of  lead  being  doubled  by  slmjdy  tarnishing  its  Enrlaee. 
It  has  been  rendered  probable,  however,  by  recent  observation,  that  it  is  not  the 
degree  ofpolishing  of  the  surface  which  influences  the  radiating  power,  so  much  as 
the  closeness  and  density  of  the  exceedingly  thin  surface  layei',  on  which  the  quan- 
tity of  radiant  heat  depends.  In  tile  process  of  polishing,  thesur&ceof  a  metallio 
plate,  particularly  if  it  be  rolled,  is  veiymnch  compressed,  and  in  this  state  radiates 
in  the  lowest  possible  degree ;  but  if,  by  rubbing  with  sand-paper,  that  dense  film  oi 
compressed  metal  be  removed,  the  softer  material  underneath  radiates  with  nearly 
double  the  power.  If  a  plate  of  silver  he  cast  without  being  subjected  to  any  press- 
ure, the  surface,  although  perfectly  blight,  radiates  with  a  power  of  2S ;  but  if  it  ba 
dimmed  by  robbing  with  sand-paper,  the  compression,  even  though  so  shght,  di- 
minishes the  radiating  power  to  13.  Substances  wliich  are  higlily  elastiR,  as  ivory, 
or  veiy  hard,  as  agate,  radiate  in  the  same  degree,  no  matter  what  may. be  the 
rough  or  smooth  condition  of  tiie  surface. 

That,  the  textile  of  the  surface  should  influence  tlie  radiating  power  is  easily 
comprehended,  when  we  know  that  it  is  not  from  the  external  surface,  but  from  a 
little  depth  below  it,  that  radiation  actually  takes  place.  If  radiation  were  truly 
from  the  surface,  every  point  of  it  emitting  rays  in  all  directions  equally  intense, 
ttiere  should  occur  inequalilies  in  the  temperature  of  the  surrounding  bodies  of  the 
most  remarkable  and  intolerable  kind.  Thus,  let  us  suppose  two  surfaces  at  right 
angles  radiating  heat,  as,  for  instance,  two  surfacesora  red-hot  poker.  A  body  A, 
at  a  certain  distance  from  the  angle,  should  have  its  temperature  raised  much 
more  than  a  body,  B  or  C,  directly  opposite  either  side,  for  it  should  receive  the  rays 
A  M  and  A  M'  ei^ually  intense,  while  the  bodies  B  and  C  should  receive  from  the 
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same  points  only  the  rays  B  M  or  C  M'.    But  the  tays 

omanatingiiotfrom  the  surface  alM  or  M',  hut  from  N'  and    ."  ^ 

N,  at  some  depth  beluw,  the  ohlique  ray  N  A  has  to  pass 

through  so  much  a  thicker  stratum  of  solid  matter  from  N 

to  P  than  the  direct  ray  Irom  N  to  M,  Ihat  the  conjoint 

aotinn   of  the  two  does  no  mure  than  ena.ble   the  aur- 

rounding  bodies  to  attain  an  equable  temperature.     Bodies 

obliquely  exposed  to  a  flat  radiating  surface  receive  less  C 

heat ;  nut  that  a  amaller  numbei'  of  rays  impinge  upoji  them, 

but  that  a  greater  proportion  of  heat  is  lost  in  escaping 

from  below  the  surface  of  the  body. 

The  radiating  powers  of  bodies  are  tlie  foundation  of  numeroua 
applications  in  tlie  arts.  Those  bodies  which  radiate  3east  cooi 
slowest;  and  hence,  if  it  be  required  to  keep  aay  material  hot  for  a 
considerable  time,  it  should  be  enclosed  in  a  vessel  with  a  bright 
metallic  surface,  that  being  the  kind  which  retards  most  the  escape 
of  heat.  If,  on  the  contrary,  the  object  be  to  diffuse  heat,  the  best 
radiating  surface  should  be  made  use  of.  It  is  thus  that  the  lubes 
by  which  heated  air,  or  water,  or  steam  is  supplied  to  buiiding^s,  for 
the  purposes  of  warmth,  should  be  bright  and  polished  until  they 
arrive  at  the  precise  locality  where  the  heat  is  to  be  given  out,  but 
should  there  be  painted  with  whitelead  or  lampblack,  the  surfaces  by 
which  the  heat  is  most  rapidly  given  out. 

If  two  tin  vessels,  precisely  similar  in  form,  but  one  being  painted 
and  the  other  polished,  bo  filled  with  warm  water  and  placed  in  a  cold 
room,  that  which  is  painted  will  cool  more  rapidly  than  the  other,  in 
consequence  of  its  greater  power  of  radiation.  If  the  two  vessels, 
when  cold,  be  placed  opposite  a  steady  fire,  the  temperature  of  the 
water  in  that  which  is  painted  will  be  observed  to  rise  more  rapidly 
than  that  of  the  other  ;  it  will  absorb  the  heat  of  the  fire,  precisely 
as  it  had  given  out  the  heat  of  the  water,  with  most  rapidity.  The 
bodies,  therefore,  that  radiate  best,  absorb  heat,  likewise,  with  greater 
power,  and  those  which,  when  hot,  cool  most  slowly,  are  those  also 
which  have  least  tendency  to  receive  radiant  heat. 

The  abaorbiiig  and  radiatmg  power  may  even  be  proved  to  be  exactly  proper 
tioned  to  one  another  by  the  follovping  experiment.  A  large  diiferential  thermom- 
eter is  aiTanged,  whose  bulbs  are  chambers  of  considerable  aiae,  presenting  large 
and  equal  plane  suriaces  on  the  sides  that  are  towards  each  other.  Of  these,  one 
is  polished  and  the  other  coated,  Midway  between  them  is  placed  a  canister  hav- 
ing equal  plane  surfaces,  facing  each  of  the  former  respectively,  and  one  polished, 
the  other  coated  with  the  same  pigment  as  before.  This  canister  is  filled  with  hot 
■water,  and  is  capable  of  turnmg  on  a  vertical  axis ;  thus  the  coated  surface  of  Uie 
canister  can  be  turned  to  the  coated  bulb  or  to  the  polished;  in  the  former  case,  a 
great  effect  is  produced  upon  the  coated  bulb,  and  a  very  small  eSect  upon  the 
plain ;  in  the  second  case,  the  better  radiating  surface  is  directed  to  the  worse  ab- 
aorbingonc,  and  tlie  worse  radiating  to  the  best  absorbing,  and  the  liquid  in  the  tube 
remains  perfectly  stalionaiy,  establishing  thereby  the  exact  equality  of  the  absorb- 
ing and  radiating  powers. 

Althougfh  colour  is  without  influence  on  the  radiating  power,  it  yet 
appears  to  influence  the  absorbing  power  in  a  remarkable  degree. 
If  pieces  of  cloth  of  various  colours  be  laid  upon  snow,  and  exposed 
to  the  direct  solar  rays,  that  which  is  black  will,  by  absorbing  more 
heat,  melt  the  snow  away  from  under  it,  and  sink  deepest.  White 
wifl  sink  least,  and  the  others  in  the  order  of  their  depth  of  colour. 
It  is,  therefore,  with  reason  that  dark-coloured  cloths  are  preferred 
for  winter  use,  and  light  colours  -  '    '     ' 
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notjcetl,  that  it  is  only  upon  the  abaorption  of  those  rays  of  heat 
which  accompany  rays  of  light  that  colour  has  this  power. 

The  great  difference  of  nhsorbing  power  of  a  blackened  and  of  a. 
mf!tallic  surface  may  easily  be  shown,  by  coating  one  bulb  of  a  dif- 
ferential thermometer  with  silver  leaf  and  blackening'  the  other. 
When,  with  the  same  source  of  heat,  the  rays  aye  received  upon  the 
silpered  bulb,  scarcely  any  rise  of  temperature  can  be  observed  ;  but 
w])en  the  blackened  bulb  is  placed  in  the  focus,  the  rise  is  much 
more  than  would  have  occurred  with  the  thermometer  in  its  ordinary 
coiidition  of  the  bulb  with  a  glass  surface. 

The  mirrors  which  are  used  in  those  experiments  do  not  become 
sensibly  heated  until  after  a  long  time  ;  they  absorb  but  very  little 
heat :  but  if  the  surface  of  the  inirror  be  smeared  with  glue,  it  loses 
to  a  great  degree  its  power  of  reflecting  ;  and  having  thus  obtained 
an  absorbing  and  radiating  power,  it  very  soon  becomes  warm.  If 
it  be  coated  with  lampblack,  its  reflecting  power  vanishes,  and  its 
surface  becomes  highly  absorbent.  The  reflecting  property  is  there- 
fore possessed  by  the  surfaces  of  bodies  in  the  inverse  degree  to  the 
absorbing  and  radiating  powers,  and  hence  the  best  absorbers  are 
tbose  which  reflect  least. 

The  heat  which  is  naturally  associated  with  light  in  the  sun's  rays 
is  capable  of  being  so  concentrated  by  reflection,  that  in  the  focus 
of  a  burning  mirror,  results  equal  to  those  of  the  most  intense  arti- 
ficial heat  may  be  produced.  The  heat  of  the  sun's  rays  may  also  be 
concentrated  by  refraction,  the  heat  accompanying  the  rays  of  light 
in  their  passage  across  lenses ;  hence  the  use  of  the  burning  glass.' 
But  when  we  thus  come  to  discuss  the  property  possessed  by  bodies 
of  transmitting  heat  through  their  substance,  it  becomes  necessary 
to  look  farther  to  the  source  and  intimate  structure  of  the  heat.  For 
the  results  which  have  as  yet  been  described,  we  are  indebted  al- 
most exclusively  to  Leslie,  but  the  power  of  transmitting  heat  could 
only  have  led  to  the  important  consequences  deduced  from  it  by 
Forbes  and  Melloni  more  recently,  when  the  advance  of  other  sci- 
ences had  placed  at  the  disposal  of  the  experimenter  measures  of 
temperature  infinitely  more  sensible  than  any  form  of  thermometer 
formerly  in  use. 

It  is  by  means  of  the  therrao-muUipIier  and  galvanometer  that  the  effects  of  the 
transmission  of  heat  require  to  be  observed. 

The  apparatus  employed  by  Melloni  was,  in  its  general  arrangement,  such  as  is 
represented  in  the  subjoined  figure. 

On  a  steady  table  there  rests  a  frame  M  M,  along  the  middle  of  which  a  slip  R  R 
Is  cut,  by  which  the  various  stands  and  supports  may  be  moved  back  and  forward, 
so  as  to  vary  their  distances  from  each  other.  On  the  stand  S  is  placed  tlie  soun^e 
of  heat  i  in  the  figure  it  is  a  coil  of  platina  wire  ignited  by  a  spirit  lamp ;  but  the 
flame  may  be  surrounded  by  a  cyhnder  of  blackened  copper,  or  it  may  be  a  vessel 
of  boiling  water,  or  an  argand  or  LocatelU  lamp.  The  rays  proceeding  from  it  are 
received  by  the  thermo-multipher  P,  from  which  the  wires  F  F  convey  the  electri- 
city generE^ed  to  the^galvanometer  G,  which  for  steadiness  is  placed  at  a  distuice, 
and  on  brackets  secured  against  a  wall.  These  parts,  P  and  G,  will  he  represented 
in  full  in  the  chapter  on  electricity.  If  it  be  required  to  study  the  action  of  a  plate 
of  any  substance  upon  the  rays  of  heav  the  screen  E  is  interposed,  having  an  aper 
ture  O,  somewhat  smaller  Uian  the  plate  to  he  employed.  This  last  is  then  sup- 
ported unmediately  behmd  the  aperture  by  means  of  the  little  frame  S',  so  that  no 
heat  can  reach  the  thermo-multiplier  unless  after  having  passed  through  it.  As  il 
is  of  great  importance  to  have  the  end  of  P  farthest  from  the  lamp  uninfluenced  by 
any  disturbing  causes,  the  screen  W  is  placed  immediately  behind  il,  to  protect  it 
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Itom  irregular  radiation  and  from  currents ;  and  as  the  action  of  the  heat  upon  the 
piie  must  be  limited  to  the  actual  time  of  the  experiment,  the  double  screen  E'  is 
interjiosed  immedialely  next  the  lamp,  and,  being  provided  with  a  hinge,  is  raised 
or  lowered  at  the  moment  when  the  raya  of  heat  are  to  ije  allowed  to  pass  or  are 
lo  be  intercepted. 

The  orifice  of  the  theiroo-multiplier  is  occasionally  fitted  with  a  conical  lube  of 
plaleil  brass,  for  the  purpose  of  collecting  the  rays  o{  heat  In  greater  number ;  but 
thatis  not  often  wanted. 

r  of  bodies  has  been  exactly  determined  ly 
Of  100  rays  incident  at  an  angle  of  60=  from 
i  reflected,  by 


(he  perpeadicular,  thei 


Brass  withoat  polish GS 

Polished  brass  vavnished 41 

Glass  plate  blaeUened  on  back 13 

I.uoking-glass £0 

Meta!  plate  blacliened 6 

The  power  of  a  body  to  transmit  heat  is  termed  transcalescence, 
and  of  intercepting  heat  intranscalesemce.  These  properties  are  to- 
tailv  independent  of  the  power  of  transmitting  light,  as  will  be  at 
onee  seen  from  the  following  table.  Of  100  rays  proceeding  from 
tbfl  flame  of  an  argand  lamp,  there  are  transmitted  by 


Rock  salt 

»3 

yellow 

as 

CaJc  spar 

do 

Do.     .     .     . 

blue 

Smoke  topiz 

^■l 

Sulphuric  ether    , 

colourleas 

2 1 

Plate  glass 

40 

do. 

■ill 

White  agate 

Tourmaline 

violet 

Do. 

red 

H;i 

Citric  acid  . 

Chromate  of  potash 

orange 

;« 

41cohol  .     . 

do. 

i!i 

colQurlesf 

m 

Alum      .     . 

\-i 

Glass  coloured 

grepii 

•i'i 

Water    .     . 

do. 

11 

Rock  salt  is  thus  the  most  tran  scale  scent  substance  that  has  been 
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found.     Glass  arrests  more  than  one  half  of  all  the  heat  which  it  re- 
ceives, while  colourless  and  transparent  alum,  and  the  most  limpid 
'        '     1  the  deepest 


B  of  the  heat  which  the' 


coloured  glasses,  or  topaz,  oi  quartz,  so  hrown  as  to  be  quite 

But  not  merely  do  different  bodies  act  differently  on  rays  pro- 
ceeding from  the  same  source,  but  the  same  body  may  allow  the 
heat  from  one  source  to  pnsa  freely  tlirough  its  substance,  and  inter- 
cept partially  or  completely  the  heat  radiating  from  another.  Thus 
using,  in  hia  experiments,  the  heat  emanating  from  iive  kinds  of 
source,  first,  the  argand  lamp  ;  second,  the  lamp  of  Locatelli,  which 
is  remarkable  for  the  steadiness  of  its  flame  ;  third,  a  red-hot  spiral 
of  platina  wire ;  fourth,  a  blackened  copper  plate  heated  to  734°  j 
and,  fifth,  a  blackened  copper  plate  heated  to  212'  by  boiling  water, 
Melloni  found  the  heat  arising  from  these  sources  to  be  transmitted 
m  the  following  proportion  per  cent. ;  the  results  with  the  argand 
lamp,  having  been  given  in  the  last  table,  are  here  omitted. 


-       s,t.,..«. 

'S'mp.' 

i^iis 

S^^ 

.'i'^l^-^. 

Free  radiation    . 

11)1) 

Kill 

KM) 

)(HI 

Rock  salt  .     .    . 

m 

»•'■ 

7H 

4S 

■?.» 

R 

1) 

Plate  glass     .     . 

2i 

0 

b;) 

n 

Gypsum    .     .     . 

14 

^ 

i) 

u 

V 

n 

[ee 

6 

D 

u 

" 

Eock  salt  is  thus  not  only  the  most  transcalescent  body,  but  it  is 
that  which  alone  is  equally  transcalescent  to  heat  of  all  tempera- 
tures. The  rays  of  heat  evidently  acquire  a  greater  power  of  trans- 
missibility  as  the  temperature  of  the  source  increases,  and  hence 
glass  arrests  scarcely  anj'  portion  of  the  direct  solar  heat,  while 
from  the  argand  lamp  it  mtercepts  47;  from  Loeatelii's  lamp,  61; 
from  ignited  platina,  72 ;  from  copper  at  734°,  94 ;  and  from  cop- 
per at  212°,  100  per  cent.  The  action  of  these  media  upon  radi- 
ant heat  consists  not  merely  in  stopping  a  certain  portion  of  it,  but 
in  separating  it  into  two  portions,  physically  distinct,  of  which  one 
is  capable  of  transmission,  while  the  other  is  absorbed.  Hence  a 
second  plate,  of  the  same  kind  of  substance,  exerts  but  a  very  slight 
action  upon  the  heat  which  has  already  passed  through  the  first. 
Thus,  though  a  plate  of  alum  allows  only  9  in  100  of  the  direct  rays 
of  the  lamp  to  pass,  yet  it  admits  of  the  passage  of  90  in  100  of 
rays  which  have  already  passed  through  a  plate  of  the  same  sub- 
stance ;  and  calc  spar,  which  transmits  only  yVo  of  ^lic  direct  heat, 
transmits  91  of  that  which  had  passed  through  alum,  and  89  of  that 
which  had  "passed  through  gypsum.  On  the  other  hand,  a  green 
tourmaline,  which  transmitted  18  out  of  100  rays  directly  incident 
.upon  it,  intercepts  yVV  "f  those  which  had  previously  passed  through 
alum,  but  gives  passage  to  y^^^  of  radiant  heat  which  had  passed 
through  black  glass. 

The  nature  o[  the  physical  distinction  between  the  intercepted 
am!  the  transmitted  portions  of  the  heat  is  to  be  found  in  the  differ 
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ent  refraagibility  of  the  rays  of  heat  emanating  from  sources  of  va 
rioiis  temperatures.  If  the  rays  of  heat  emanating  from  a  lamp  be 
incident  upon  a  rock-aalt  prism,  they  will  undergo  refraction,  sub- 
ject to  the  same  law  of  the  sines  as  in  the  case  of  ordiuary  light, 
and  there  will  be  obtained  a  band  or  spectrum  of  rays  from  the 
lamp;  the  most  refrangible  will  coincide  with  about  the  middle  of 
the  luminous  spectrum,  while  the  least  refrangible  will  extend  far 
beyond  the  limits  of  the  least  refrangible  rays  of  light.  The  mean 
refrangibility  of  heat  is  therefore  less  than  that  of  white  light,  and 
the  length  of  its  undulation,  if  that  theory  be  adopted,  longer  in 
proportion. 

If,  now,  the  heat  spectrum  so  obtained  be  examined  by  means  of 
the  media  which  have  been  already  noticed,  the  explanation  of  the 
peculiarities  in  their  action  will  be  at  once  observed.  Eock  salt  al- 
lows the  rays  of  ail  degrees  of  refrangibility  to  permeate  its  mass ; 
it  is  to  heat  what  perfectly  colourless  glass  is  to  white  light ;  it  acts 
equally  on  all  portions  of  it.  Alum  stops  all  but  the  very  least  re- 
frangible rays;  it  is  to  heat  what  ruby-coloured  glass  is  to  light, 
vvhicii  allows  only  the  rays  of  the  least  refrangible  extremity  of  the 
spectrum  to  pass  through.  Glass,  gypsum,  and  such  bodies  as  give 
passage  to  the  rays  of  least  and  of  mean  refrangibility,  resemble 
those  orange-coloured  glasses  which  exclude  the  blue  and  violet 
rays  of  light,  but  admit  the  others. 

After  long  search,  Melloni  at  last  found  that  by  coating  with  soot 
the  surface  of  a  plate  of  rock  salt,  it  became  to  heat  what  blue  glass 
is  to  light ;  it  excluded  the  rays  of  inferior  refrangibility ;  and  when 
a  plate  so  prepared  was  combined  with  a  plate  of  alum,  all  heat  was 
intercepted,  precisely  as  when,  by  laying  a  plate  of  blue  and  a  plate 
of  orange  glass  together,  perfect  opacity  is  produced,  the  one  ab- 
sorbing the  portion  of  light  which  alone  the  other  is  capable  of 
transmitting. 

The  rays  of  heat  derived  from  sources  of  different  temperature* 
are  thus  analogous  to  the  rays  of  light  of  different  colours.  The 
higher  the  temperature  of  the  source,  the  mOre  does  it  resemble  red 
light  i  the  lower  its  temperature,  the  greater  is  its  analogy  with  the 
violet  rays.  Hence  alum  absorbs  al!  the  heat  from  boiling  water, 
but  gives  passage  to  that  from  the  argand  lamp;  but  alum  is  like  a 
glass  so  deeply  coloured  red  that  it  is  almost  opaque,  and  trans- 
mits only  a  small  portion  even  of  its  own  coloured  light  that  may 
fall  upon  it. 

When  a  ray  of  heat  is  incident  upon  a  douhly-refracting  substance,  it  follows 
precisely  the  sarae  law  as  light,  and  is  refracted  doubly.  In  this  case,  also,  the 
rays  after  emerganoe  are  found  to  be  polarized  ia  planes  perpendicular  to  each 
other ;  and  all  those  consequences  of  the  mutual  action  of  polarized  rays  n  hich  give 
rise  to  such  magnificent  phenomena  of  colours  in  the  case  of  light,  most  occur  with 
heat,  and  be  made  sensible  if  our  organs  or  our  instroments  were  of  a  construc- 
tion suitable  for  their  appreciation.  As  yet,  however,  the  tact  which  alone  remains 
wanting  towards  a  physical  Wieory  of  heat  has  not  been  observed — that  of  interfe- 
rence ;  up  to  the  present  time,  the  actual  production  of  cold  by  the  confined  action 
of  two  rays  of  heat  has  not  been  seen ;  but  the  closeness  of  the  analogy,  which  in 
this  case  alone  requires  additional  observation  between  light  andheat.issoremark- 
uhle,  that  we  can  have  little  hesitation  in  referring  these  agents,  in  their  radiant 
form,  to  the  same  liind  of  physical  arrangement. 

TTiere  is  no  difficulty  in  conceiving  radiant  heat  to  consist  in  vihrflinn"  if  the 
*ante  ethereal  medium  which  produces  light,  and  in  considering  that  th'i  d^xence 
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between  heat  and  light  should  be  m  the  magnituJe  of  the  vibrations,  and  the  conse- 
quent refiangihility  of  their  rays.  On  the  contrary,  it  is  uol  reasonable  to  sup- 
pose, that  while  we  are  conscious  of  the  waves  in  air,  although  they  may  vary  in 
length  froin  33  feet  to  ^  of  an  incb,  the  limits  of  our  sensibility  to  the  ethereal 
waves  should  be  so  narrow  that  the  shortest  (violet)  is  to  the  longest  (.red)  as  60  lo 
38 ;  it  is  more  consonant  to  our  idea  of  the  various  and  beautiful  uses  to  which 
every  object  of  creation  is  made  subservient,  to  believe  that,  while  the  waves  with- 
in these  hmits  produce  upon  the  eye  the  sensation  of  coloured  light,  another  range 
of  lengths,  greater  than  those  of  Itglit,  should  give  toour  organs  the  sensation  lof  ra- 
diant heat ;  and  that  a  third  order  of  vibration,  still  shorter,  and  more  refrangible 
even  than  violet  light,  is  capable  of  acting  upon  the  elementary  constituents  of  bod- 
ies, and  constitute  the  chemical  rays.  The  coexistence  of  these  three  kinds  of  rays 
in  solar  light  is  an  argument  remarkably  in  favour  of  Ibis  view ;  for  we  can  well 
imagine  that,  by  whatever  means  the  sun  communicates  to  the  ethereal  expanse 
the  vibrations  of  various  lengths  which  constitute  the  rays  of  light,  that  vibrations 
of  other  magnitudes,  greater  or  less,  should  be  at  the  same  time  produced  ;  and 
thus  the  light,  which  exliibits  to  us  the  beauty  of  the  external  world,  be  accompa- 
nied by  the  heating  power  which  animates  all  living  nature,  and  without  which  the 
universe  would  be  a  tenantless  and  barren  void. 

These  arguments,  however  natural,  and  in  appearance  sound,  are  met  by  facts 
which,  if  not  positive  against  light  and  heat  differing  only  in  the  length  of  the 
waves  by  which  they  are  produced,  are  at  least  of  so  much  importance  as  to  de- 
serve attentive  study.  If  it  were  so,  then  the  heating  rays  of  the  spectrum  should 
be  thrown  always  below  the  coloured  space,  being  less  refmngible ;  and  it  is  found . 
tbaii,  with  a  flint  glass  prism,  the  greatest  heat  is  produced  outside  the  visible  con- 
■  lines  of  the  spectrum  at  the  limit  of  the  red  light.  This  is,  however,  only  accident- 
al, from  the  nature  of  the  prism ;  for  if  a  prism  of  crown  glass  be  employed,  the 
rays  of  heat  are  collected  in  the  middle  of  the  red  space:  with  a  prism  of  sulphuric 
acid,  in  the  orange ;  and  by  a  prism  of  oil  of  turpentine  or  water,  they  may  be  col- 
lected into  the  centre  of  the  yellow  light. 

The  rays  of  heat,  therefore,  although  generally  less  refrangible  than  those  of 
light,  are  still  not  necessarily,  or  even  always  so.  There  is  distributed  over  tlie  en- 
tire visible  spectrum  a  heating  spectrum,  which  has  its  peculiar  point  of  greatest 
energy,  and  which  may  be  refracted  more  or  less  quite  independently  of  the  lumi- 
nous  space,  and  may  be  brraight  to  overlap  it  at  either  end,  or  to  lie  evenly  upon  it. 
The  etiiereal  medium,  if  it  be  the  means  of  transmitting  radiant  heat,  must  be  ca- 
pable of  two  distinct  methods  of  vibration,  by  which  rays  of  equal  refrangibilities, 
but  totally  different  properties,  may  be  produced. 

The  physical  independence  of  solar  light  and  heat  was  heautiful- 
ly  shown  by  Melloni,  who,  using  quartz  and  black  mica,  perfectly 
opaque,  upon  the  one  hand,  and  rock  salt  made  perfectly  opaque  hy 
.  soot  upon  the  other,  obtained  radiant  heat  of  all  refrangibilities  to- 
tally free  from  light ;  and  on  the  other  hand,  by  combining  a  plate  of 
alum  with  a  glass  coloured  green  by  oxide  of  copper,  he  obtained  a 
brilliant  beam  of  light,  which,  when  concentrated  by  a  lens  upon  the 
most  delicate  thernioacope  he  couid  apply,  exhibited  no  trace  of  any 
heating  power  whatsoever. 

An  interesting  property  of  radiant  heat,  and  one  which  shows  the  remarltable 
distinction  between  it  and  light  in  a  very  evid-int  manner,  is,  that  the  heat  may 
change  its  degree  of  refrangibility ;  and  hence,  if  It  be  vibrations,  one  wave  may 
break  it  up  into  severd,  or  several  smaller  waves  may  unite  to  form  one.  The 
light  of  the  aun,  depiived  of  all  the  more  refrangible  rays  by  passage  through  a 
[date  of  alum,  may  be  received  on  a  blackened,  surface,  the  temperature  of  wh'ieh 
will  be  thus  elevated,  and  which,  in  turn,  will  become  a  source  of  radiant  heat. 
But  the  heat  so  radiated  is  found  to  have  totally  changed  its  properties ;  it  can  no 
longer  pass  through  alum;  it  has  passed  Irom  the  stale  of  heat  of  the  lowest  to  the 
stall!  of  heat  of  the  highest  refrangibility.  In  hke  manner,  if  the  most  refrangible 
rays  emanating  from  a  source  at  813°  be  concentrated  by  a  rock-salt  lens.and 
brought  to  act  on  a  small  euHace,  they  may  raise  the  temperature  of  this  surface 
above  313°,  and  radiate'from  thence  in  a  less  refrangible  condition  than  before. 
The  parallel  case  to  this  has  never  been  found  with  light.  Red  light  has  never 
changed  into  blue,  nor  violet  into  orange ;  and  there  must  be  in  the  physical  theory 
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oi  radiant  heat  some  general  principle  of  so  high  an  order,  that  the  physical  optics 
of  the  present  day  is  but  a  particular  case  of  it. 

This  change  of  radiant  hea(  from  one  degree  of  refrangibility  to  another  occurs 
Id  nature  very  afteo,  and  is  the  source  of  some  remarlialile  phenomena.  Thus  the 
heat  of  the  sun's  rays,  being  of  low  refrangihility  from  their  intensely-heated  source, 
IS  transmitted  easily  by  ice  or  snow,  and  hence  a  layer  of  snow  upon  a  field,  ex- 
posed even  to  the  powerful  action  of  the  sun,  is  but  slowly  melted ;  if,  however,  a 
dark-coloured,  inject,  as  a  branch  of  a  tree,  be  laid  upon  the  surfece,  it  absoilis  the 
solar  heat,  and  becoming  a  source  of  ladiation  of  heat  of  great  refrangibility,  which 
tlie  snow  Eibsorbs  completely,  this  is  melted  under  the  stick,  which  sinks  and 
gradually  disappears  beneath  the  surface.  The  earher  melting  of  snow  upon  the 
branches  and  round  the  stems  of  plants,  which  was  supposed  to  demonstrate  a 
kind  of  niUural  warmth  belonging  to  the  living  vegetable,  arises  from  this  merely 
physical  conversion. 

From  this  results  also  the  iuliuence  of  colour  on  the  power  of  bodies  to  absorb 
the  heat  of  the  sun  or  of  a  fire ;  tiie  strips  of  coloured  cloth  (page  97)  melted  the 
snow  beneath  them,  not  merely  because  they  absorbed  mote  heat  in  proportion  to 
the  depth  of  colour,  but  because  they  in  that  proportion  possessed  the  property  of 
changing  the  heat,  which  would  be  transmitted  into  the  heat  which  would  be  ab- 
sorbed by  the  snow  on  which  they  rested. 

The  construction  of  a  theory  of  heat  would  be,  even  were  an  undulaiory  hypoth- 
esis adopted  for  its  radiant  form,  involved  in  difficulties  which  may  require  many 
years  of  research  to  render  them  even  clearly  understood.  The  relation  between 
radiation  and  conduction ;  the  connexion  between  specific  and  latent  heat ;  the 
laws  of  cohesive  force  against  which  heat  acts  in  causing  the  ei^ansion  of  a  body, 
will  all  require  to  be  comprehended  within  the  folds  of  whatever  principle  shall 
hereafter  he  made  the  basis  of  thermocics.  But  it  is  no  disrespect  to  the  illustrious 
names  that  have  been  connected  with  speculations  on  this  subject,  to  conclude,  that 
none  of  the  views  brought  forward  appear  positive  or  clear  enough  to  be  described 
in  a  worli  of  an  elementary  nature  like  the  present. 

SECTION  VI. 
OF  THE   COOLING   OF   BODIES. 

Bodies  at  an  elevated  temperature  are  capable  of  giving  out  the 
heat  vuliich  they  contain  by  every  method  by  which,  when  cold,  they 
become  heated  at  the  expense  of  the  surrounding  warmer  bodies. 
Cooling  may  occur,  therefore,  by  contact  or  by  radiation.  The  rapid- 
ity of  cooling  by  the  immediate  contact  of  the  hotter  with  the  colder 
body  depends  on  the  degree  of  intimacy  of  the  contact,  and  on  the 
conducting  powers  of  the  bodies.  Thus  solids,  which  merely  touch 
at  a  few  points,  communicate  their  relative  temperatures  but  very 
slowly,  while  with  liquids  or  gases  which  may  mix  completely  with 
each  other,  the  establishment  of  a  uniform  temperature  is  almost 
instantaneous.  The  colder  body  becomes  heated  to  the  original 
temperature  of  the  hotter  only  when  there  is  a  continual  supply  of 
heat  to  maintain  that  temperature,  as  in  a  furnace  j  in  other  cases 
the  hotter  body  cools  in  proportion  as  the  colder  becomes  warm,  and 
the  resulting  temperature  depends  on  the  specific  heat  of  each,  as  has 
been  described,  page  62.  In  determining,  therefore,  the  temperature 
of  a  body  by  a  thermometer,  it  must  not  be  forg-otten  that  the  ther- 
mometer, in  becoming  hot,  cools  the  body,  so  that,  unless  there  he  a 
continuous  source  of  heat,  the  true  temperature  of  a  body  is  never 
given  by  the  inslrument.  Where  the  substances,  being  solid,  can 
only  come  into  external  contact,  the  rapidity  with  which  heat  passes 
from  one  to  the  other  depends  upon  their  conductingpower  ;  thus, 
a  cold  brick  may  be  laid  upon  a  heated  brick  for  a  considerable  time 
without  much  heat  changing  place,  bwt  a  plate  of  red-hot  iron  kid 
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Upon  a  plate  of  cold  iron,  abandons  its  excess  of  temperature  so 
rapidly,  that  a  mean  temperature  is  attained  by  both  in  a  very  short 
time. 

The  cooling,  of  bodies  by  radiation  is  governed  by  the  principle 
that  all  bodies  in  nature  are  in  a  continual  state  of  interchange  of 
heat ;  no  matter  how  hot  or  how  cold  a  body  may  be,  it  is  constantly 
giving-  out  radiant  heat  to  other  bodies,  and  receiving  in  exchange, 
and  absorbing  the  heat  which  radiates  from  them.  The  quantity  of 
heat  thus  radiated  depends  on  the  temperature  of  the  body;  the 
higher  this  is,  the  greater  quantity  of  heat  is  thrown  off;  the  lower 
the  temperature,  the  less  heat  does  a  body  radiate  in  a  certain  time. 
Hence,  if  we  conceive  a  ball  heated  to  redness,  and  suspended  in  the 
centre  of  a  number  of  similar  but  colder  balls,  each  will  radiate  and 
absorb,  but  the  hotter  ball  will  give  out  more  than  it  can  gain  in  re- 
turn, and  will  hence  cool,  while  the  surrounding  colder  bodies,  ab- 
sorbing more  of  the  radiant  heat  than  they  return,  will  have  their 
temperature  raised.  Every  body  in  nature,  therefore,  no  matter  how 
its  temperature  may,  by  peculiar  or  locai  means,  be  elevated  or  de- 
pressed, tends  ultimately  to  an  equilibrium  with  all  the  neighbouring 
bodies ;  and  hence,  the  instant  we  remove  a  substance  from  our  fur- 
naces or  freezing  mixtures,  it  begins  to  cool  or  to  become  less  cold. 
This  principle  explains,  in  a  very  perfect  manner,  a  singular  but  in- 
structive experiment  which  may  he  made  with  the  concave  mirror 
apparatus  described,  page  95.  In  the  ordinary  form,  the  thermom- 
eter and  the  heated  ball  tend,  by  radiation,  to  assume  a  common 
temperature,  and  the  thermometer,  being  the  colder  body,  becomes 
heated  ;  but  if,  in  place  of  the  heated  iron  ball,  a  mass  of  ice  be  sub- 
stituted, the  temperature  of  the  thermometer  in  the  focus  of  the  op- 
posite mirror  immediately  sinks  below  that  of  the  surrounding  air. 
The  explanation  consists  simply  in  the  fact  that  the  thermometer 
is  now  the  hotter  body,  and  hence,  giving  out  to  the  ice  more  heat 
than  the  ice  gives  bacif,  has  its  temperature  reduced.  At  first  this 
effect  appeared  to  demonstrate  the  existence  of  rays  of  cold,  which 
were  reflected,  radiated,  and  absorbed  like  rays  of  heat. 

In  this  principle  of  the  uniformity  of  temperature  being  sustained 
by  the  equivalent  radiation  and  absorption  of  the  bodies  at  the  sur- 
face of  the  earth,  wo  find  the  solution  of  many  interesting  natural 
phenomena.  The  production  of  dew  and  frost  are  to  be  thus  ac- 
counted for.  In  the  absence  of  the  sun,  the  surface  of  the  earth 
losing  by  radiation  a  great  quantity  of  heat,  would  have  its  temper- 
ature considerably  lowered,  were  it  not  that  the  canopy  of  clouds 
which  generally  lies  above  it  radiate  in  return,  and  thus  mnintains  the 
temperature  almost  the  same.  If,  then,  the  clouds  be  absent,  all  the 
heat  radiated  by  the  earth  is  lost  in  the  planetary  spaces,  and  the 
temperature  of  its  surface  brought  many  degrees  below  that  of  the 
atmosphere.  The  stratum  of  air  which  lies  iu  contact  with  the  sur- 
face of  the  ground  is  then  cooled  by  contact,  and  a  portion  of  the 
watery  vapour  which  it  had  possessed  in  its  elastic  form  is  depos- 
ited as  liquid  water.  If  the  temperature  of  the  air  be  itself  low, 
and  the  night  very  clear,  the  cooling  may  proceed  so  far  that  the 
drops  of  dew  at  the  moment  of  their  deposition  shall  be  frozen,  and 
thus  form  frost.     The  truth  of  this  explanation  is  demonstrated  by 
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the  fact  that  it  is  only  on  the  surface  of  good  radiators,  and  during 
clear  starlit  nights,  that  dew  or  frost  is  found.  If  a  plate  of  pol- 
ished metal  be  laid  on  the  centre  of  a  tough  board,  and  exposed  to 
the  air  of  a  frosty  night,  the  rough  surface  will  be  found  in  the 
morning  covered  with  copious  frost,  but  on  the  bright  metal  no  trace 
will  be  deposited.  It  is  thus  that,  by  lightly  covering  a  thin  layer  of 
water  with  straw  to  increase  the  radiating  power,  a  sheet  of  ice  may 
he  obtained  in  a  single  night  between  the  tropics,  where  the  actual 
temperature  of  the  air  may  have  continued  far  above  the  freezing 
point.  That  the  cooling  eflect  is  produced  by  the  loss  of  heat  in 
its  radiant  form,  and  not  by  the  contact  or  diffusion  of  the  particles 
of  the  air,  may  be  proved  by  the  interposition  of  a  screen  of  any 
substance  which  intercepts  the  passage  of  radiant  heat,  when  the  de- 
position of  dew  or  frost  instantly  ceases,  and  the  surface  cools  no 
more.  Thus  plants  are  protected  by  mats  from  the  frost  of  spring 
and  autumn,  and  thus  the  screen  of  snow,  which  covers  the  surface 
in  the  depth  of  winter,  prevents  the  loss  of  heat  from  the  soil  below, 
and  favours  the  vegetation  of  the  seed. 

The  rapidity  of  cooling  depends  upon  the  difference  ol'  tempera 
ture  of  the  radiating  bodies,  but  it  is  not  proportional  to  this  differ- 
ence except  within  a  very  narrow  range  of  temperature.  Newton 
having  experimented  only  within  that  limit,  announced  that  law  as 
general ;  but  the  establishment  of  the  true  law  is  due  to  Petit  and 
Dulong.  It  is,  that  the  rapidity  with  which  a  body  cools,  for  a  con- 
slant  excess  of  temperature,  increases  in  a  geometrical  proportion, 
of  which  the  ratio  is  1'161,  when  the  temperatures  increase  in  an 
arithmetical  proportion.  Bodies  at  moderately  high  temperatures 
cool,  therefore,  much  more  rapidly  than  they  should  do  by  New- 

The  heat,  by  means  of  which  we  produce  a  rise  of  temperature,  or  any  other  o( 
the  effects  which  have  been  deaeribed,  may  be  derived  from  anyone  of  a  variety  of 
sources.  To  the  earth  at  large  the  sun  is  the  source  of  warmth ;  and  by  his  vary- 
ing position  in  the  heavena,  by  which  his  rays  strike  upon  the  surface  with  different 
inclinations,  and,  passing  through  the  different  thicknesses  of  atmosphere,  undei^o 
absorption  to  a  variable  amount,  the  change  of  seasons  as  to  temperature  is  pro- 
duced ;  and  the  alternation  of  vital  activity  and  torpor  which  characterizes  the  ve- 
getable world,  and  a  great  portion  of  the  animal  creation,  is  occasioned.  Although 
at  the  surface  the  temperature  of  tlie  earth  is  solely  dependant  upon  the  radiating 
power  of  the  sun,  yet  it  is  found  that  it  contains  within  itself  a  source  of  heat,  which, 
m  ages  excessively  remote,  must  have  retained  the  general  mass  of  all  constituents 
of  the  mineral  globe  in  igneous  liquefaction.  In  fact,  if  we  dig  below  the  surface 
of  the  earth,  we  arrive,  at  a  depth  of  about  forty  feet,  at  a  layer  of  which  the  tem- 
perature is  in  winter  and  in  summer  exactly  the  same.  It  is  termed  tlie  stratum  at 
mvariable  temperature,  and  is  in  general  of  the  mean  temperature  of  the  place ;  that 
is,  the  temperature  of  the  Bur^oo  falls  in  winter  as  much  below  that  of  the  invari- 
able stratum,  as  in  summer  it  is  raised  above  it  by  the  excessive  action  of  the  solar 
rays.  The  heatof  the  sun,  falling  upon  the  surface,  is  transmitted  inward  in  virtue 
of  the  conducting  power  of  the  ground;  and  thus,  each  summer,  a  thin  layer  of  ele- 
vated temperature  moves  inward,  those  of  successive  summers  being  separated 
from  each  other  by  the  intervening  colder  shell,  which  marks  the  period  of  dimin' 
Ished  heat  in  winter,  until  they  mix  and  confound  theniselves  in  the  layer  of  con- 
atant  temperature,  below  which  the  influence  of  the  sun  is  felt  no  more.  But,  on 
descending  beyond  this  depth,  the  temperature  steadily  increases,  and,  although 
subject  to  irregularities  consequent  on  the  diSbrent  conducting  powers  of  the  rucka 
of  different  countries,  the  .lugmentation  is  in  general  about  one  degree  for  every 
forty-two  feet,  or  about  130°  for  every  mile.  At  a  depth  of  two  miles,  Uierefore, 
water  could  not  exist  as  » liquid,  unless  from,  the  great  pressure  to  which  it  would 
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be  Eubjeirted;  at  four  miles' depth  tin  and  bismuth  would  naturally  be  liquid;  ana 
at  five  miles,  lead.  At  a  depth  of  thirty  miles  the  temperature  would  be  so  high  as 
to  melt  iron ;  and  stilt  more  easily,  atmost  without  exception,  the  rochs,  which  con- 
stitute the  solid  earth  which  we  inhabit.  The  central  heat,  therefore,  although  iii' 
sensible  at  the  surface,  is  Stili,  there  is  erery  reason  to  believe,  in  violent  activity 
at  a  small  depth  below :  we  live  upon  a  pellicle  of  solid  crystalline  rocks,  with  which 
the  melted  mass  has  become  skinned  over,  and  which  extends  but  to  yts  "''  ^^^ 
distance  to  the  cenlve.  Hen(!e  we  can  well  imagine,  that  in  many  places  where 
orilicea  or  crarks  m  this  sohd  crust  might  form,  violent  manifestations  of  the  inter- 
nal fire  should  be  produced,  and  the  magnificent  phenomena  of  volcanoes  and 
earthqaakes  should  thus  arise. 

For  artificial  purposes,  the  source  of  heat  is  generally  chemical  combination. 
The  details  of  this  mode  ofgenerating  heat  will  require  to  be  carefully  and  minutely 
considered  herealter,  under  the  heads  of  Combustion,  and  the  Relations  of  Heat  to 
Chemical  Affinity.  By  mechanical  causes,  as  percussion  and  fiiction,  heat  may 
also  be  set  free;  but  such  cases  arise  from  a  change  in  the  specific  beat  of  the 
bodies  before  and  after  Che  mechanical  action;  andhence,  although  once  considered 
BB  inllu dicing  our  ideas  of  the  nature  of  heat,  do  not  now  require  special  notice.  A 
Tety  interesting  source  of  heat  consists  in  the  respiration  of  certain  kinds  of  animals, 
and  constitutes  an  important  branch  of  chemical  physiology,  which  shall  be  dis- 
cnssed  in  its  proper  place:  and,  finally,  one  of  the  most  remarkable  sources  of  heat 
is  to  be  found  in  the  properties  of  electricity,  in  its  various  forms  ;  and  to  the  da 
scription  of  this  interesting  and  impoKant  agent  we  shall  now  proceed. 


CHAPTER  IV. 

OF    ELECTRICITY   COKSIUERED    AS    CHARACTEKIZIMG    CHEMICAL   SnBSTAK01.S. 

Among-  the  various  forces  which  concur  to  the  production  of  nat- 
ural phenomena,  there  are  few  whose  agencies  are  more  remarkable 
or  more  general  tlian  those  of  electricity;  and  so  intimately  does  it 
appear  to  he  connected  with  chemical  action,  becoming  sensible  in 
all  cases  of  union  or  decomposition,  and  being  even  developed  in 
a  degree  proportional  to  their  ainount,  that  the  most  eminent  phi- 
losophers have  not  hesitated  to  consider  electrical  and  chemical 
agencies  as  being,  if  not  identical,  at  least  intimately  connected  with 
each  other. 

It  is  not  the  object  of  this  work  to  enter  into  the  minute  description  of  electrical 
phenomena,  nor  to  attempt  the  detailed  discussion  of  their  causes ;  as  for  a  complete 
examination  of  the  subject,  it  must  be  considered  as  one,  and  certainly  not  one  of 
the  least  extensive  branches  of  natural  philosophy;  it  is  only  with  regard  to  the  in 
fluence  which  electricity  exercises  in  the  operations  and  the  theory  of  chemistry, 
and  the  means  which  the  electrical  properties  of  bodies  afford  for  their  recognition, 
that  it  requires  notice  here ;  and  hence,  although  it  is  necessary  to  describe  the  pe- 
cuUar  origin  and  characters  of  each  form  which  electricity  assumes,  yet  that  shall 
be  accomplished  within  the  shortest  limits  that  are  consistent  with  the  importance 
of  this  branch  of  science.    In  the  present  chapter  the  subject  will  he  studied  in  its 
general  histoiy,  and  considered  as  affording  useful  characteristics  of  substances,  Ihe 
properties  of  which  we  have  to  learn ;  and  in  a  future  place  the  influence  which  it 
exercises  upon  chemical  affinity,  and  the  opinions  which  have  been  advanced  con- 
cerning its  relation  to  purely  chemical  forces,  shall  be  carefully  discussed. 
J       Of  the  true  nature  of  electricity  nothing  is  positively  known; 
';  whether  it  be  a  mere  property  of  matter  like  attraction  or  cohesion,  a 
/  mere  force  acting  Independently  of  all  interposed  material,  or  wheth- 
'    er,  like  light,  it  consists  in  the  undulations  of  an  ethereal  medium  fill- 
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lag  space,  cannot  be  determined.  Indeed,  the  ordinary  views  of  its 
nature  consist  in  supposioo;  the  existence  of  one  or  of  two  fluids  of 
electricity,  of  exceeding;  tenuity  and  of  perfect  elasticity  ;  and  that, 
according  as  ordinary  bodies  were  supposed  to  contain  more  orlesa 
of  these  fluids  of  electricity,  they  acquired  or  lost  the  properties  of 
electrical  excitation.  Of  these  opinions  it  is  exceedingly  difficult 
to  say  which  is  the  more  reasonable  or  more  consonant  to  experi- 
mental truth,  so  far  as  the  explanation  of  phenomena  is  concerned  ; 
but  no  positive  evidence  has  ever  been  obtained  of  the  existence  of 
such  an  electric  fluifi :  it  has  never  been  found  capable  of  being  sep- 
arated from  the  ordinary  particles  of  matter,  of  which  it  appears 
always  as  an  additional  property  assumed  under  peculiar  circumstan- 
ces, and  not  as  a  superadded  constituent.  I  consequently  incline  to 
the  idea  that,  in  the  phenomena  of  electricity,  we  have  exhibited 
only  the  results  of  new  mechanical  conditions  of  the  ordinary  par- 
ticles of  matter,  produced  by  the  action  of  forces  which  may  be  called 
into  play  in  a  variety  of  ways,  and  which  may  be  either  totally  new 
forces  wliich  are  first  generated  at  the  time,  or  modifications  of  the 
forces  of  gravity  and  cohesion  which  exist  already.  But,  although 
such  may  be  the  true  condition  of  the  electric  properties  of  bodies, 
yet  such  views  are  far  too  abstract  and  indefinite  to  be  as  yet  carried 
out  into  the  detailed  explanation  of  experiments ;  and  hence,  in  the 
present  chapter,  I  shall  adopt  the  language  of  that  view,  which  has 
been  so  long  in  use  as  to  have  become  incorporated  with  science, 
and  speak  of  an  electric  fluid  uniting  with  or  separating  from  ordi- 
nary bodies,  without  being  considered  as  at  all  believing  in  its  actual 
existence. 

This  electric  fluid  whether  it  be  looked  upon  as  of  one  ot  of  two 
kinds,  ma      ik  b  nndina  state  of  rest  or  in; 

motioa ;  a  d    h  f    1  y  toay  be  thus  divided  into 

electrody  d     I  Th    electricity  generated  by' 

friction,  o    bj     h     g  g        tion,  is  ranked  under  the' 

latter  head        h  1     h      ft  f    1  y  in  motion  are  found  to 

include  th    j  h  n        na    f         n  f  galvanism,  and  their  rela- 

tions to  each  he  ,  elec  n  ^  t  m  and  magneto-electricity,  and 
also  those  of  the  electricity  produced  by  a  change  of  temperature  in 
bodies.  Under  these  heads,  therefore,  the  subject  will  be  treated  of 
at  present. 


ELECTRICITY. 

Electricity,  in  its  statical  eond  m  y  b       volved  i 
ways,  of  which  one  of  the  most  rem    k  b!         d  1    t  most  commonly 

employed,  is  friction.     If  a  piece     f  Ik            h  ndkerchief,  warm 

and  dry,  be  rubbed  briskly  against   h  f          fa  dry  glass  rod,  a' 

•peculiar  odour  will  become  manife  d         I      dark,  the  surface 

of  the  glass  rod  will  appear  cove    d  h       p     uliar  phosphores-l 

cent  glow.     If  the  rod  be  brought  h      h    k   a  sensation  as  if 

a  spider's  web  had  been  drawn  aci  1                  1!  be  felt ;  and  on 

ftpproaching  to  the  rod,  as  in  the  fi  j            light  bodies,  as  a 

silk  thread,  a  feather,  balls  of  elde    p  h        II    bits  of  paper,  they 
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will  suddenly  spring  towards  the  rod,  and  be- 
come attached  to  it  for  a  moment ;  after 
which  they  will  spring  from  it,  and  fail  away 
with  eqaa!  power,  assuming  the  positions  of 
the  dotted  lines.  The  rod  which  has  acquired 
these  properties  is  said  to  have  been  electri- 
;^  fied  by  friction  with  the  siOc  handkerchief!  ^^ 
has  become  excited,  and  the  phenomena  pro- 
duced are  known  ;  the  phosphorescent  appear- 
r^  V  ance,  as  the  electrical  light;  the  motion  to 

■■~        •■■  and  from  the  rod  by  the  tight  bodies,  as  elec- 

trical attraction  and  repulsion  ;  in  which  also,  acting  on  the  minute 
down  of  the  cheek,  the  sensation  above  described  has  its  source. 
[t  is  not  alone  by  rubbing  together  silk  and  glass  that  these  phenom- 
ena may  be  produced;  two  pieces  of  silt,  by  their  mutual  friction, 
become  electric  also,  particularly  if  they  be  of  different  colours; 
thus,  on  laying  flat  together  slips  of  black  and  of  white  riband,  and 
drawing  them  smartly  through  the  lingers,  each  will  attract  the 
feathers  or  pith  balls ;  and  being  both  light  bodies,  they  wiO  also 
attract  each  other.  A  piece  of  sealing-wax,  or  any  other  resinous 
body,  when  rubbed  with  flannel  or  a  woollen  cloth,  becomes  similar- 
ly excited.  Sulphur  and  amber,  in  which  last,  indeed,  the  property 
was  first  discovered,  and  from  the  Greek  name  of  which,  ijXmrpov, 
the  science  electricity  has  its  name,  assume  this  excited  state  with 
remarkable  facility  and  power. 

It  is  not  every  substance  which  may  be  thus  electrified  by  fric- 
tion, and  even  the  same  substance  may  often  become  incapable  of 
being  excited ;  thus,  if  the  silk  or  flannel  be  not  completely  dry, 
if  the  glass  rod  be  damp,  no  electric  properties  can  be  conferred 
upon  thern.  But  it  matters  not  how  much  care  we  use  in  drying  a 
metallic  surface  which  rests  upon  the  ground,  or  which  we  support 
by  the  hand,  it  cannot  be  electrically  excited  by  any  amount  of  fric- 
tion. Such  a  body  is  termed  a  non-electric  ^  dry  glass,  resin,  sul- 
phur, silk,  &c.,  being  called  electrics.  Excitation  may  therefore  be 
^produced  by  rubbing  together  two  electrics,  but  by  the  friction  of 
non  electrics  no  electrical  effects  can  be  observed.  This  distinction 
is,  h  1  ises  from  the  construction  of  the  appara- 

tu      f  n  pi  f      sting  the  metallic  rod  or  plate  upon  the 

gr     nd  p  he  hand,  we  support  it  on  a  piece  of  seal- 

ing w  1    Id      by       lass  or  resinous  handle,  it  becomes,  when 

rubb  d  w  h  h  1  a  highly  electrified  as  any  of  the  electrics ; 
and    n    1      waj    by  ble  arrangement  of  supports,  all  bodies  in 

na  J  b  d  same  electric  properties  by  friction. 

T  a  n  f  I  d  rsity  of  character,  bodies  are  supposed  to 
re  hi  fl     i    pon  their  surface  with  different  degrees  of 

po  d    g        1        nature.     When  by  friction  electricity  has 

been  accumulated  upon  the  surface  of  a  glass  rod,  it  being  a  highly 
elastic  fluid,  its  particles  repel  each  other,  and  tend,  consequently, 
to  escape  from  the  limited  space  which  it  occupies,  precisely  as  air 
tends  to  escape  from  a  vessel  into  which  it  has  been  powerfully 
condensed.  Glass,  resin,  sulphur,  amber,  siik,  flannel,  and  such 
bodies,  do  not  allow  of  such  escape  of  the  electricity,  and  it  is  henco 
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retained  in  its  elastic  form  upon  their  surface,  and  produ< 
effects  of  excitation.  They  are  electrics  because  tliey  are  non-con' 
dttctors  of  electricity.  But  such  is  the  molecular  constitution  of  the 
metals,  that  they  allow  of  the  escape  of  all  that  is  set  free  upon 
their  surface,  uoless  its  passage  away  to  other  bodies  is  intercepted 
by  the  interposition  of  some  non-conducting  substance,  A  metal 
is  thus  a  non-deetric  because  it  is  a  conductor  of  electricity;  and 
when,  by  supporting  it  upon  a  non-conductor,  we  oblige  it  to  retain 
its  charge  of  electricity,  it  is  said  to  be  insulated.  Ice  is  a  non-eon-' 
ductor  of  electricity,  and  by  rubbing'  a,  stick  of  ice  it  becomes  ex- 
cited; but  it  must  not  melt  upon  the  surface,  for  liquid  water,  al- 
though inferior  to  the  metals  in  conducting  power,  is  yet  so  e.\ce!- 
lent  a  conductor,  that  it  allows  the  electricity  which  we  might  de-' 
velop  to  pass  totally  away.  Hence  the  necessity  of  drying  care- 
fully the  substances  which  are,  by  their  friction,  to  produce  the 
electricity,  and  also  the  reason  that  insulating  bodies  must  be  kept 
free  from  damp ;  for  if  the  thinnest  layer  of  moisture  be  deposited 
upon  their  surface,  the  electricity  will  instantly  escape  by  the  path 
so  opened  fjgr  it. 

The  conducting  powers  of  bodies  have  as  yet  been  scarcely  as- 
certained with  accuracy  enough  to.jnstify  their  being  expressed  in 
numbers,  at  least  for  the  non-metallic  bodies.  The  general  order 
appears  to  be,  commencing  with  the  best  insulators  or  worst  con- 
ductors ; 


Dryai 


Glass. 
Spermaceti. 

Water. 


Strong  acids. 
Fused  saline  bodies 
Charcoal, 
Metals. 


The  worst  metallic  conductor  is  many  thousand  times  better  than 


water,  and  by  the  following  method 
may  be  formed.  A  wire,  across  which 
becomes  heated  in  proportiou  to  the 
of  the  electricity,  and  therefore  the 
proportional  to  the  conducting  powc 
found  that,  with 


fthei 

electric  discharge  is  passed, 
jtance  offered  to  the  motion 
■■  of  temperature  is  inversely 
By  such  experiments  Harris 


Silver e 120 

Copper 6 ISO 

Gold 9 80 

Zinc 18 40 

I'iatinum 30 24 

Iron 80 24 

Tin 3a 20 

Lead .  73 12 

These  numbers  are  merely  comparative,  and  can  only  be  looked 
upon  as  approximations. 

The  difference  of  the  conducting  power  explains  the  fact  that, 
when  we  excite  by  friction  the  surface  of  a  glass  plate  or  rod,  it  is 
only  at  the  points  actually  rubbed  that  electricity  at  first  apfiears, 
and  it  requires  considerable  time  to  creep  over  thp  other  portions; 
but  on  exciting  an  insulated  metallic  rod  or  plate,  no  matter  how  ex- 
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tensive  or  how  long,  the  electricity,  when  evolved  by  friction  at  a 
single  spot,  appears  uniformly  distributed  over  the  entire.  Hence, 
also,  a  spark  may  be  obtained  by  electricity  passing  instantly  along 
a  great  extent  of  metal  surface,  but  is  interrupted  by  a  narrow  inter- 
val filled  by  any  non-conducting  matter. 

The  rapidity  with  which  the  electric  impulse  is  propagated  has 
been  examined  by  Wheatstone  in  a  very  ingenious  manner,  the  de- 
tails of  which  could  not  be  well  introduced  here,  but  which  enabled 
him  to  determine  an  interval  of  the  tj^Vitt  "f  a  second ;  he  found 
that  the  impulse  of  the  shock  of  a  Leyden  jar  is  transmitted  from 
each  end  of  an  interposed  wire,  and  arrives  latest  at  the  centre,  so 
far  appearing  favourable  to  the  idea  of  the  existence  of  two  fluids 
rather  than  of  only  one,  and  that  the  velocity  of  transmission  of  this 
impulse  is  greater  than  that  with  which  light  passes  through  the 
planetary  space,  that  is,  at  the  rate  of  more  than  195,000  miles  in  a 
second  of  time. 

The  electricity,  when  thus  evolved,  accumulates  upon  the  surface 
of  the  body,  not  penetrating  to  any  appreciable  depth,  but  forming  a 
layer  of  fluid,  which  by  its  elasticity,  and  hence  expansive  power, 
tends  constantly  to  break  away  and  pass  to  other  bodies  which 
are  not  excited.  It  thus  passing  through  air  produces  the  electric 
spark,  and  is  accompanied  by  a  snapping  report.  The  te  de  cy  to 
escape  under  the  form  of  the  spark  depends  upon  tl  e  th  ckness  of 
the  layer  of  electricity,  and  is  accurately  proportional  to  ts  squire 
so  that  if  we  eicite  a  brass  ball  Viiih  double  or  trelle  the  q  ant  ty 
of  electricity  the  foice  ol  the  ele  tricity  to  pass  anaj  v  11  be  q  ad 
nipled,  or  mcreated  nmefold  Henee  it  requires  excee  1  \  glj  woo  1 
insulation  to  retam  electiioitj  ol  great  mtensitj 


These  principles  may  be  easily  demonstrated  by  means  of  the  appa- 
ratus in  the  figure.  A  is  a  hollow  sphere  of  some  conducting  sub- 
stance, and  B  B  are  hemispheres  of  gilt  paper  or  thin  metallic  foil, 
which,  when  closed  upon  the  globe,  cover  its  surface  accurately. 
They  are  provided  with  insulating  handles,  C  C,  The  hemispheres 
being  placed  on  the  globe,  if  the  whole  be  excited  by  friction  or  by  a 
spark  from  the  machine,  the  electricity  will  be  found  uniformly  diffu- 
sed over  the  whole  external  surface ;  and  if  the  hemispheres  be  sud- 
denly removed  by  means  of  the  handles,-  the  globe  A  will  remain  total- 
ly deprived  of  its  electricity,  which  will  be  found  all  collected  on  the 
Burfrtces  of  B  and  B  ;  but  it  will  be  no  longer  uniformly  spread  ;  its 
intensity  will  be  found  much  greater  on  and  near  the  edges  of  the 
hemispheres,  and  towards  the  centres  of  the  surfaces  the  signs  of 
excitation  will  be  extremely  feeble. 

The  form  of  a  body  has  a  remarkable  influence  upon  the  manner 
in  which  the  electricity  is  distributed  upon  its  surface.  In  a  sphere 
the  layer  is  everywhere  of  equal  thickness,  but  in  an  elongated  body 
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it  accumulates  more  at  the  extremities  of  the  longest  axis.  Hf  nee 
on  8  wire  or  a  needle,  the  electricity  is  accumulated  almost  exclu- 
sively on  the  ends  ;  and  even  though  the  total  quantity  of  electricity 
may  not  be  large,  it  is  there  so  thickly  heaped  that  it  breaks  off  and 
lapidly  escapes.  Hence  electrical  apparatus  should  be  completely 
smooth  except  where  a  point  or  projection  is  intentionally  attached, 
and  many  remarkable  experiments  are  founded  upon  the  escape  of 
electricity  from  points.  Electricity  is  not  merely  prevented  from 
accumulating  upon  a  pointed  body  itself,  but  it  cannot  collect  upon 
any  surface  near  it,  the  point  abstracting  the  electricity.  Thus,  a 
point  held  near  to  the  excited  glass  tube  used  in  the  experiments 
first  described  may  prevent  the  attraction  of  the  light  bodies,  which 
demonstrates  its  excited  state,  by  concentrating  all  the  action  upon  ' 
itself.  The  detaUed  theory  of  this  power  of  points  to  dissipate  their 
own  electricity  and  to  absorb  that  of  other  bodies,  will  be  hereafter 
fully  noticed  ;  at  present  it  is  sufficient  to  refer  it  to  the  thickness 
and  high  elasticity  of  the  layer  of  electric  fluid  which  forms  upon 

It  has  been  already  stated  that,  when  two  slips  of  silk  riband  are 
excited  by  rubbing  against  each  other,  the  electricity  appeared  to  be 
equally  evolved  upon  each.  This  octilrs  in  all  cases  of  excitation 
by  means  of  friction.  Thus,  when  silk  and  glass  are  rubbed  together, 
the  silk  acquires  as  much  electricity  as  the  glass,  but  by  the  silk 
being  held  in  the  hand,  the  electricity  escapes  by  the  dampness  which 
is  always  present,  and  is  lost.  If,  however,  the  silk  be  insulated  i 
if  a  disk  of  dry  wood  covered  with  some  folds  of  silk  be  held  upon 
an  insulating  handle,  and  rubbed  against  a  similar  disk  of  glass,  then 
the  same  phenomena  are  produced  in  an  equal  degree  by  both.  The 
attraction  and  repulsion  of  light  bodies,  the  odour  and  the  phospho- 
rescence belong  to  both,  and  thus  in  every  case  where  bodies  are 
rubbed  together,  the  excitation  is  completely  mutual.  There  ia, 
however,  a  profound  and  curious  difference  between  the  two  condi- 
tions :  separately  they  attract  and  repel  other  bodies  exactly  in  thej 
same  way ;  together  they  produce  neither  attraction  nor  repulsion : 
separately  they  may  manifest  the  most  remarkable  evidence  of  ten- 
sion, giving  sparks  and  shocks  i  but  when  combined,  all  signs  of  free 
electricity  are  lost,  and  the  body  on  which  they  are  collected  appears 
as  destitute  of  excitation  as  if  the  power  had  never  been  called  into 
existence.  The  states  of  the  two  bodies  are  therefore  so  far  op- 
posed that  they  may  interfere  ;  and  as  from  the  action  of  two  lights 
there  may  be  produced  total  darkness,  so  from  the  coalition  of  the 
excitation  of  the  two  bodies  which  had  been  rubbed  together,  abso- 
lute indilTerencB  may  result. 

Thisneutralizingpower  of  the  excitation  of  each  body  for  that  of  the  other  may 
be  shown  by  very  simple  means.  If  a  feallier  be  suspended  by  a  silken  string,  and 
upon  the  one  side  there  be  presented  to  it  the  ilislt  of  glass,  and  npon  the  other  the 
disk  of  silk,  which  had  been  rnhbed  together,  it  may  be  brought  to  remain,  by  man- 
aging the  distance,  perfectly  at  rest.  If  tliera  be  the  glass  alone,  it  instantly  at- 
traoia  the  feather ;  the  silk  alone  acts  in  the  same  way ;  but  no  matter  how  strong 
the  power  of  each  may  be,  when  at  equal  distances  the  feather  rernains  indifferent 
to  both.  In  order,  however,  to  obtain  perfect  demonstration  of  this  principle,  it  is 
useful  to  examine  it  by  means  of  more  exact  instrumenls  than  the  feather  or  other 
light  bodias,  which  hitherto  have  been  sufficient,  and  for  this  purpose  the  giild-lcaf 
lUclrascopt  is  best  adapted  :  deferring  the  description  of  its  principle  lu  aivother 


b,  Google 


112      ELECTKICAL    ATTRACTIONS     AND    REPULSIONS, 

itice  its  construction  anil  tlie  irdicaliona  which  'a  gives 
.     IS  jar,  A,  is  closed  at  the  lop  bj  a  metallic  (brass)  plate, 
,  10  which  are  attached  below,  by  a  wire,  two  siips  ol'goid  leaf, 
lying,  when  unexeited,  flat  on  one  another,  and  reacliiiig  below 
the  middle  of  the  jar.    The  jarreata  on  a  wooden  or  metal  foot, 
with  vMch  are  coDnected  two  slipa  of  tin  foil,  applied  to  tiie  in- 
side of  the  glass,  and  rising  so  far  that  the  gold  leaves,  on  open- 
ing  out,ma7  come  into  contact  with  them.    When  tliis  nceuvs 
|L^  Hiere  is  evidently  a  free  conducting  medinm  from  tlie  upper  me- 
^^^  tallic  jjlate  to  the  p'ound ;  but,exceptwhepthegold  leaves  touch 

—  the  slips  of  tin  full,  the  cap  and  leavea  are  perfectly  insulatad, 

if  the  instrument  be  kept  dry.  When  this  electroscope  Js  brought  near  to  an  exci- 
ted hody,  the  gold  leaves  diverge,  and  remain  bo,  in  the  position  of  the  figure,  as 
long  as  the  escited  body  be  kept  near.  Bnt  if  the  instrument  be  not  touched,  the 
leaves  collapse  on  its  removal,  and  ail  remains  indifferent,  as  it  had  been  before. 
By  the  divergence  of  the  gold  leaves,  therefore,  the  existence  of  free  Electricity  act- 
ing on  the  electroscope  is  made  known. 

No  matter  what  maybe  the  nature  of  the  escited  body  acting  on  this  instrument, 
it  gives  the  same  indication  of  its  presence,  bnt  when  exposed  to  the  action  of  the 
two  bodies  which  had  been  rubbed  togetlier.  the  gold  leaves  remain  quiescent.  If 
they  be  made  to  separate  by  the  inHuence  of  the  glass,  and  the  excited  siik  be  then 
slowly  approximated,  the  divergence  gradually  diminishes,  until  at  last  the  leaves 
lie  close  together.  Ifthesilkbe  then  brought  still  nearer,  there  Is  a  new  divergence, 
but  it  is  due  to  the  excess  of  power  of  the  silk  after  the  neutralization  of  the  ^ass. 
On  removing  either  of  the  excited  bodies  when  tlie  instrument  is  in  the  neutrahzed 
condition,  the  leaves  diverge,  from  that  remaining  being  ftee  to  act.  Not  merely 
is  the  excitation  assumed  by  the  two  bodies  immediately  rnbbed  together,  of  these 
opposite  kinds,  but  it  may  be  shown  that  this  peculiar  power  may  exist  in  the  con- 
ditions of  two  bodies  rubbed  by  a  third,  as  if  a  glass  be  rubbed  with  silk,  and  an  in- 
sulated metal  rod  be  likewise  excited  by  rubbing  with  silk,  the  glass  and  metal  rod 
assume  electricities  which  destroy  each  other,  or  the  silli  is  related  to  the  metal  as 
the  glass  had  been  to  the  silk.  Bodies  rubbed  by  different  other  substances  are  also 
so  circumstanced ;  if  a  stick  of  seaiing-wax  be  rubbed  by  flannel,  it  will  assume  op- 
posite excitation  to  that  of  glass  when  rubbed  with  silk,  and  would  counteract  its 
influence ;  and,  consequently,  the  condition  of  the  flannel  in  the  one  case,  and  the 
silk  in  the  other,  would  be  opposite  also.  This  assumption  of  opposite  states  of  ex- 
citation may  be  caused  by  trilling  mechanical  conditions:  thus,  if  smooth  glass  and 
muffed  glass  be  both  robbed  with  silk,  tliey  become  oppositely  electrifled ;  and  two 
pieces  of  silk,  which  dffiei  markedly  in  colour,  neutralize  each  other  when  electrified 
by  theu'  mutual  friction.  The  peculiar  characters  of  these  two  forms  of  excitation 
extend,  however,  much  farther  ttian  the  principle  of  mutual  destruction.  If  we  hang 
by  a  dry  silk  thread,  varnished  with  sheil-lac  in  order  to  render  it  a  better  insulator, 
a  little  cylinder  of  gilt  paper,  and  bring  near  it  an  excited  body,  the  cylinder  is  at- 
tracted, and  moves  towards  the  body  until  it  touches,  when  Jt  is  immediately  and 
forcibly  repelled.  It  has  by  contact  participated  in  the  state  of  excitation  of  the 
body,  and,  when  that  is  so,  they  mutually  repel  each  other.  In  all  eases,  bodies 
which  are  in  the  same  electrical  condition  repel  each  other ;  and  it  is  thus  that  the 
gold  leaves  of  the  electroscope  become  an  index  of  any  electricity  which  may  be 
present;  for  as  hoth  slips  ofleaf  are  necessarily  excited  in  the  same  way,  they  repel 
each  other,  and,  consenuently,  they  diverge. 

If,  now,  the  insulated  gilt  paper  cylinder  which  has  been,  as  above  described,  re- 
pelled by  the  glass  rod,  ^er  having  shared  its  electricity,  be  brought  near  the  silk 
against  which  the  glass  rod  had  been  rubbed,  or  to  any  body  which  is  in  the  same 
state  of  excitation  as  the  silk,  attraction  will  ensue,  and  this  will  he  found  more 
powerful  than  if  the  body  had  previously  been  neutral.  If  two  such  gilt  paper  cyl- 
inders be  touched,  both  with  the  glass  rod  or  both  with  the  silken  disk,  they  will 
repel  each  other ;  but  if  one  be  touched  with  the  glass  and  the  other  by  the  silk, 
they  win  attract  each  other,  and  move  until  they  touch,  when  the  states  of  excita- 
tion neutralize  each  other,  and  they  become  inactive. 

When  bodies  are  rubbed  together,  therefore,  they  become  elec- 
tric, BEd  with  such  properties,  that  while  each  when  separate  gives 
signs  of  powerful  excitation,  together  they  destroy  each  other's 
power.    Bodies  when  thus  oppositely  elcctiified  attract  each  other  j 
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bodies  which  are  excited  in  the  sai 
and  these  attractions  and  repulsions 
toTf.e  which,  like  that  of  gravitation,  diminishes  in  intensity  ac- 
cording as  the  square  of  the  distance  between  the  bodies  becomes 
greater. 

This  law,  which  is  of  the  greatest  importance  for  the  theory  of  eleclticily,  was 
discovered  by  Coulomb  by  means  of  the  loraioa  elecirometer.  The  gold-l«af  appara- 
tus, though  exceedingly  sensible  as  a  test  of  the  presence  of  free  electricity,  is  yet 
nol  susceptible  of  being  used  to  measure  its  amount.  It  is  an  eUciToscope,  but  not 
sat  electrometer.  The  torsion  balance  of  Caulomb  consists  of  a 
glass  drum,  a,  on  the  centre  of  which  rises  a  glass  tube,  b,  to  the 
height  of  one  or  two  feet.  From  the  top  of  this  tube  is  hung,  by 
a  fine  thread  of  glass  or  of  cocoon  silk,  a  very  light  wooden  beam, 
e,  10  which  is  atiached  at  one  end  a  ball  of  dry  elder  pith,  and  at 
the  other  a  piece  of  gilt  paper,  which  serves. as  a  counterpoise, 
and  hy  its  surface  preveota  irregular  motions  of  the  beam.  The 
pith  ball  is  usually  gilt,  to  give  it  a  more  uniform  surface.  In ''^O 
the  top  of  the  drum  there  is  an  aperture,  by  means  of  which  a 
second  gilt  pith  ball,  i^  may  be  introduced,  and  made  to  touch 
that  of  Uie  balance  ;  and  around  the  centre  of  the  dram  is  fjxe 
a  scale  of  degrees,  by  which  the  angular  distance  to  which  th 
balls  separate  after  repulsion  may  be  measured.  Now  let  u 
suppose  tliat,  by  touching  the  second,  or,  as  it  is  caDed,  the  cai 

Tying  hall,  to  an  excited  body,  we  charge  it  with  electricity,  and,     ,..-^ ....^^^ 

having  inserted  it  in  the  aperture,  it  tooches  the  hall  of  the  bal-  £i^-__^__-i2S 
.  ance,  which  is  immediately  repelled ;  in  moving  away,  this  twists  ^"''^^s-rj-r— -"^^ 
the  thread  by  which  it  )s  suspended,  and  the  amount  of  the  twisting  which  is  ne- 
cessary in  the  opposite  direction  to  bring  it  back  again,  and  maintain  it  at  a  certain 
distance,  measures  the  force  of  repulsion  the  balls  then  exercise.  This  measure- 
ment is  effected  by  the  glass  or  silken  thread  being  attached,  not  to  the  tiitie,  biit  to 
a  stem  carrying  an  index,  which  shows,  on  a  graduated  circle,  the  number  of  de- 
grees through  which  the  thread  is  twisted ;  and  as  the  thread  is  exceedingly  long 
m  prpponion  to  its  thickness,  and  its  elasticity  almost  exact,  the  force  of  torsion  is 
taken  as  proportional  to  the  angle  through  which  the  index:  moves. 

By  this  instrument,  into  the  detail  of  experiments  with  which  it  would  be  improper 
here  to  enter,  Coulomb  established  the  fundamental  law  of  elecirioal  attraction  and 
repulsion ;  and  it  has  been  found,  that  from  this  law  all  the  results  of  the  disttibu- 
tion  of  electricity  on  bodies,  its  accumulation  on  and  escape  from  points,  that  have 
been  noticed,  might  be  deduced. 

The  liindamental  principles  of  electrical  excitation,  the  distribation  of  electricity 
on  bodies,  and  the  manner  in  wbicli  the  electric  states  of  the  excited  bodies  are  re- 
lated to  each  other,  having  been  thus  described,  I  shall  pass  to  the  explanation  of 
the  general  principles  under  which  those  phenomena  and  laws  have  been  arranged, 
and  a  knowledge  of  which  we  shall  find  necessary  to  our  future  progress.  I  shall 
lay  aside  all  consideration  of  the  more  abstract  theories  of  electricity,  which  refer 
it  to  mere  molecular  disturbance  or  to  vibrations,  and  consider  on^  those  views 
which  suppose  the  existenee,  in  the  one  caae,  of  two  electric  fluids,  the  theory  of 
Dufay,  and,  on  the  other,  that  of  a  single  fluid,  the  theory  of  Franklin. 

Theory  of  two  Fluids. — ^It  is  assumed  that  there  exist  in  nature  two 
kinds  of  electricity,  each  a  highly  elastic  fluid,  whose  particles  repel 
each  other  according  to  the  law  of  the  inverse  square,  while  they 
attract  the  particles  of  matter,  and  also  attract  each  other,  accord- 
ing to  the  same  law;  that  every  body  in  nature  contains  usually 
an  exactly  equal  quantity  of  each  fluid  ;  that  bodies  then  are  in  their 
ordinary  state ;  aud  hence,  manifesting  no  unusual  properties,  we 
look  upon  them  as  being  quiescent :  but  if  a  body  contains  more 
of  one  fluid  than  of  another,  it  comes  into  an  extraordinary  state, 
and,  acquiring  new  properties,  we  say  that  it  has  become  excited. 

Upon  this  view,  the  phenomena  of  electricity  are  capable  of  very 
«mple  explanation.     When  two  bodies  are  rubbed  together,  the  re- 


by  Google 


114  THEORIES     OF     ELECTRICITY. 

8uU  is,  that  one  electric  fluid  accumulates  in  excess  upon  the  one, 
and  the  other  upon  the  other  hody.  They  are  thus  hoth  brought 
into  a  state  of  excitation ;  and  as  the  excess  of  the  one  fluid  musi 
be  exactly  ei^ual  to  that  of  the  other,  the  excitation  of  both  is  equal, 
and,  being  opposite,  must  neutralize  each  other  when  they  are 
brought  to  reunite.  Of  these  electricities,  that  which  passes  to 
glass  when  it  is  rubbed  with  silk  is  termed,  in  the  language  of  Du- 
fay,  vitreous  electricity,  and  that  which  accumulates  on  reain  when 
rubbed  with  flannel  is  called  resinous,  There  are  few  bodies  which 
may  not  assume  vitreous  or  resioous  excitation,  according  to  the 
substance  by  which  the  friction  is  produced,  and  hence  these  names 
are  liable  to  some  objection,  and  are  not  much  employed. 

Since  the  electric  fluids  and  matter  attract  each  other,  the  bodies 
upon  which  the  electricities  become  free  appear  to  attract  or  repel 
each  other  according  as  they  are  invested  by  the  same  or  opposite 
fluids,  ia  consequence  of  the  necessity  of  accompanying  these  flu- 
ids in  their  action  on  each  other.  Hence  the  electric  attractions 
and  repulsions  which  manifest  themselves  in  all  cases  of  excitation, 
and  hence  the  bodies  return  to  their  indifferent  condition  as  soon 
as  the  excess  of  electricity  they  contain  ia  neutralized.  It  was  for 
a  long  time  supposed  that  the  atmosphere,  by  its  mechanical  press- 
ure, assisted  in  retaining  the  free  electricities  upon  the  surface  of 
the  excited  bodies  ;  but  this  is  not  the  case.  The  air  acts  as  an  in- 
sulator of  the  excited  body,  without  which  no  accumulation  of  free 
electricity  could  occur  ;  but  the  mechanical  pressure  of  the  air  may 
be  removed  without  afiecting  the  electrical  conditions. 

Theory  of  one  Fluid. — In  the  hypothesis  of  Franklin  there  ia  as- 
sumed to  exist  but  one  electric  fluid,  of  which,  in  its  ordinary  state, 
every  substance  contains  a  certain  quantity.  This  fluid  is  consid- 
ered to  be  highly  elastic,  to  repel  its  own  particles  with  a  force 
varying  as  the  inverse  square  of  the  distance,  and  to  attract  the  par- 
ticles of  matter  according  to  the  same  law.  A  substance  with  its 
proper  share  of  electricity  is  therefore  in  its  indifferent  condition, 
possessing  no  properties  beyond  what  we  ordinarily  attribute  to  it. 
But  when  two  such  bodies  are  rubbed  together,  a  quantity  of  elec- 
tricity abandons  one  and  collects  upon  the  other,  and  thus  both  are 
brought  into  an  abnormal  state,  and  assume  the  unusual  properties 
which  constitute  excitation.  The  excitation  is  equal,  for  the  one 
has  gained  precisely  what  the  other  lost ;  and  by  recombination 
.  they  destroy  each  other's  action,  for  they  are  brought  to  their  ori- 
ginal ordinary  state.  The  excitation  being  produced,  according  to 
this  view,  by  one  body  having  electricity  in  excess,  while  that  of 
the  other  is  deficient,  one  is  said  to  ^m' plus  and  the  other  minus 
electrified ;  or,  more  generally,  the  one  to  be  positively,  the  other 
negatively  excited,  and  the  signs  -\-  and  —  are  often  used  as  abbre- 
viations for  these  words. 

The  particles  of  the  .electric  fluid  being  mutually  repulsive,  and  at- 
tracting those  of  matter,  it  is  natural  that  two  bodies  having  elec- 
tricity in  excess  shall  mutually  repel,  and  that  a  body  having  an 
excess  of  electricity  shall  attract  one  having  an  excess  of  matter. 
IJodies  both  ■\-  therefore  repel,  a  -f-  and  a —  body  attract  each  other. 
But,  to  explain  the  mutual  repulsion  of  bodies  both  in  the  negative 
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imption  is  required  whicfi  at  first  sight  appears  to 
inst  our  reason ;  for  as  it  is  matter  which 
is  in  excess  in  that  condition,  we  must  consider  that  the  particles 
of  matter  mutually  repel  each  other,  according  to  precisely  the  same 
law,  as  it  is  demonstrated  by  the  whole  construction  of  the  universe, 
that  the  particles  of  matter  mutually  attract  each  other.  There  is 
not,  however,  any  real  contcadiction  in  these  principles ;  the  law  of 
gravitation  applies  to  matter  in  its  ordinary  state,  in  which  it  con- 
tains its  natural  quantity  of  eieclricity ;  and  it  affords  no  grounds 
for  supposing  that,  if  matter  were  deprived  of  that  natural  electri- 
city, it  would  continue  to  attract.  There  is,  consequently,  nothing 
illegitimate  in  that  assumption  ;  and  the  theory  of  a  single  fluid  may 
be  as  easily  and  successfully  applied  to  the  explanation  of  phenom- 
ena as  that  of  the  two  fluids  before  described. 

Alteady,  indeed,  cunsiderable  progress  lias  l>een  made  towards  a  tlieory  of  elec- 
tricity upon  lliid  iiiea.  In  order  to  account  for  the  ordinary  molecular  constitution 
of  matter,  it  ts  oeceseary  to  suppose  that  the  forces  wbich  act  upon  its  particles 
may  cli&age  from  altractive  to  repulsive,  and  again  from  repulsive  to  attractive,  ac- 
cording as  the  distance  between  the  particles  is  made  to  vary;  and  MosottI  has 
shown  that  it  is  only  necessary  to  assume  that  the  mutual  repulsion  of  matter, 
wlien  destitute  of  electricity,  is  inferior  to  its  attraction  for  electricity,  and  to  the 
mutual  repulsion  of  the  etectrictty  itself,  andthe  law  of  gravitation  liecomes  a  neces- 
sary cunsecjuenee  of  the  conditions  under  which  alone  electrical  equilibrium  can  be 
estahli-jhed. 

Such  we  the  theories  of  electricity  that  have  hitherto  met  with  most  general  ac- 
ceptiitioD.  In  tiie  succeeding  portions  of  this  work,  I  shall  adopt  the  language  of 
the  tiieoiy  ofllie  two  ftuids,  except  that  I  shall  use  the  words  positive  and  negative 
fluids  in  place  of  vitreous  and  resinous ;  but  I  do  so  merely  from  convenience,  and 
seek  not  to  connect  the  idea  of  a  I^uid  in  any  way  more  intimately  with  the  trun 
causes  ol'  the  electrical  properties  of  bodies. 

Before  passing  to  the  description  of  the  phenomena,  and  the  dis- 
1  of  the  principles  of  electricity  which  yet  remain,  it  is  ne- 
\f  to  notice  the  construction  of  some  electrical  apparatus,  which 
in  all  ca- 
whete  it  is  desira- 
ble to  operate  upon 
this  agent  in  a  state 
of  high  intensity  aii(^ 
power.    Of  these  the 
most  important  is  the 
electrical  machine. 

The  machine  is  in 
principle  only  a  mod- 
ification of  the  glass 
tube  which,  by  fric- 
tion with  a  piece  of 
silk,evo]ved  the  elec- 
tricity in  the  first  ex- 
periments described. 
It  consists  of  ft  glass  ( 
having  such  a  form 
as  to  expose  a  great 
extent  of  surface,  and 
generally  being  used 
in  the  shape  of  a  cyl- 
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inder,  A,  or  of  a  plate.  There  are  hence  the  cylinder  and  the  plate 
machines.  To  pvoduco  the  friction,  nn  elastic  rubber,  13,  is  covered 
with  silk,  and  made  to  press  against  the  surface  of  the  glass  accord- 
ing as  the  plate  or  cylinder  is  turned  round  by  means  of  the  handle, 
"^he  rubber  being  generally  insulated,  the  electricity  evolved  upon 
it  is  at  once  collected,  and  may  be  transferred  along  conductors,  or 
drawn  as  sparks  from  the  knob  of  brass  attached  to  it  at  the  back. 
The  electricity  which  is  diffused  upon  the  glass  passes  from  its  sur- 
face to  that  of  a  brass  cylin- 
der, termed  the  prime  con- 
ductor, C,  being  collected  by 
of  a  series  of  pointed 
which  graze  the  sur- 
face of  the  cylinder  accord- 
ing as  it  is  turned  round.  The 
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r  machine,  the 
often  supported  upon 
ng  pillars,  by  which 
the  loss  of  electricity  is  pre- 
vented.    To  increase  the  en- 
ergy of  the  machine,  the  silk 
of  the   rubber  is   generally 
er  with  a  mixture 
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d  zinc,  and  a  silken 

the  cylinder  or  plate  to  coii- 

cartied  away 


apron  extends  from  the  rubber  half 

duct  the  electricity  to  the  points,  and  prevent 

by  the  air. 

ASthoijgh  I  shall  have  occasion,  when  we  have  examined  the  rel- 
ative action  of  excited  bodies  and  conductors  somewhat  better,  to 
notice  the  true  theory  of  the  prime  conductor,  yet  for  the  present  it 
may  be  considered  as  simply,  from  its  proximity,  collecting  the  free 
electricity  on  its  points  from  the  surface  of  the  gl|ss  cylinder  or  plate, 
and  by  thus  accumulating  it  upon  a  confined  sniface,  enabling  the 
experimenter  to  apply  it  or  carry  it  to  other  bodies  at  his  pleasure. 
When  the  machine  is  worked,  the  two  portions  of  electricity  become 
developed,  as  in  the  rubbing  of  the  tube  and  hand  Iter  chief,  upon  the 
silk  and  glass ;  and  if  all  be  insulated,  they  attract  each  other  so  in- 
tensely  that  they  break  through  the  intervening  air,  and  recombine 
across  the  surface  of  the  cylinder,  or  round  the  edges  of  the  plate, 
presenting  the  appearance  of  a  brilliant  spark,  and  accompanied  by 
a  snapping  noise  and  a  peculiar  phosphorescent  odour.  To  prevent 
this  recombination,  which  would,  of  course,  render  accumulation  up- 
on the  prime  conductor  impossible,  the  rubber,  when  the  machine  is 
required  for  active  work,  is  connected  wilh  the  ground  by  a  wire 
or  chain,  through  which  the  electricity  which  forms  upon  the  silk 
makes  its  escape  ;  and  as  new  quantities  are  then  liberated  at  each 
moment,  those  passing  from  the  glass  to  the  prime  conductor,  by 
the  projectii^  points  with  which  it  is  always  furnished,  collect  upon 
it,  and,  acquiring  a  high  degree  of  tension,  pass  under  the  form  of 
sparks  to  any  conducting  body  which  may  be  brought  near. 
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By  means  of  a  machine  of  such  construction,  the  opposing  prop- 
erties of  the  electricities  of  the  hodies  rubbed  together  may  be  sim- 
ply and  completely  shown. 

The  degree  of  excitation  of  the  prime  conductor  is  generally, 
though  not  very,  accurately,  shown  by  means  of  the  quad- 
rant electrometer.  This  consists  of  a  stem  of  brass,  which 
rests  in  a  socket  in  the  prime  conductor,  or,  when  noi 
use,  in  a  wooden  foot,  as  in  the  figure.  To  this  is  attached  \ 
an  ivory  semicircular  scale,  of  which  a  portion  is  graduated, 
from  whence  the  name  ;  on  an  axis  at  the  centre  of  the 
ivory  scale  there  is  hung,  by  a  light'  arm  of  whalebone,  a 
pith  ball,  which,  when  the  apparatus  is  unexcited,  lies  in 
contact  with  the  brass  stem,  and  thus  assumes  the  same  elec- 
trical condition  with  it  when  the  instrument  is  placed  on  the 
prime  conductor  and  the  machine  worked.  The  stem  and  the  pith 
ball  then  repel  each,  other,  and  the  ball  being  consequently  set  in  mo- 
tion by  the  united  repulsion,  its  radius  moves  through  an  angular 
space  on  the  graduated  scale,  which  serves  in  rough  experiments  aa 
an  index  of  the  intensity  of  the  excitation.  Nowif,  when  this  instru- 
ment is  fixed  on  the  prime  conductor,  the  latter  be  connected  with 
the  insulated  rubbef  by  a  chain  or  wire,  no  matter  how  vigorously 
the  machine  may  be  worked,  no  signs  of  excitation  can  be  produced ; 
the  electricity  collected  from  the  glass  by  the  prime  conductor 
passing  along  the  chain  or  wire  to  unite  with  that  which  is  devel- 
oped on  the  rubber,  and  the  two  being  evolved  in  equal  quantities, 
complete  neutralization  is  produced.  That  bodies  similarly  electri- 
fied repel  each  other,  is  shown  by  the  principle  of  this  instrument, 
as  its  indications  of  free  electricity  depend  upon  the  stem  and  ball 
being  both  excited  in  the  same  way,  and  the  repulsion  being  the 
fiame,  whether  it  be  fixed  (ipon  the  rubber  or  the  prime  conductor. 

To  prove  on  a  large  scale,  by  means  of  the  machine,  that  the  op- 
posite electricities  attract  each  other,  it  is  only  necessary  to  place 
in  connexion  with  the  conductor  on  each  side  a  metallic  wire,  tc 
which  is  hung,  by  a  wetted  thread,  a  ball  of  pith,  or  a  cylinder  of 
gilt  paper.  When  the  machine  is  turned,  the  balls  attract  each  oth 
er  across  the  cylinder,  and  touching,  interchange  the  electricities 
by  which  they  are  excited,  and  thus  the  fluids,  separated  by  the 
friction,  are  continually  recomposed,  being  brought  together  by 
their  mutual  attractions.  If  to  each  wire  there  be  hung  two  such 
balls,  those  of  each  side  will  be  seen  to  repel  each  other,  'ivhile 
they  move  towards  those  oppositely  excited.  Numerous  experi- 
ments of  an  amusing  kind,  which  it  would  be  foreign  to  my  purpose 
to  inSroduce,  are  founded  on  these  principles. 

There  have  been  now  noticed  four  methods  by  which  bodies  may 
be  electrically  excited.  1st,  hy  friction,  which  is,  indeed,  the  only 
true  direct  excitation.  2d,  by  contact ;  as  when  an  insulatea 
brass  disk  excited  by  friction  is  touched  to  another,  also  insulated 
and  neutral,  a  spark  passes  between  them  at  the  moment  previous 
to  actual  contact,  and  the  first  is  found  to  have  divided  its  electri- 
city with  the  second  in  proportion  to  its  surface.  In  this  case  the 
two  bodies,  after  contact,  are  in  the  same  state  of  excitation.  3d, 
ns  where  the  prime  conductor,  which  is  neither  itself  rubbed,  nor 
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docs  it  touch  the  cylinder  of  the  machine,  yet  gathers  from  it  the 
electricity  which  is  evolved  thereon,  and  allows  it  to  be  transferred, 
under  the  form  of  the  spark,  to  other  bodies  ;  and,  finally,  all  the 
attractions  and  repulsions  which  hnve  been  observed  indicate  a  pow- 
,er  of  action  and  excitation  riven  at  considerable  distances  ;  and  this 
mode,  which  results  from  the  attraction  and  repulsion  of  ihe  elec- 
tric fluids  for  each  other,  is,  when  examined,  found  really  to  com- 
prehend the  second  and  third  modes  of  excitation,  by  contact  and 
by  gathering  with  points.  There  are,  therefore,  truly,  oniy  two 
means  of  excitation,  this  at  a  distance,  which  is  termed  induction, 
and  that  hy  friction. 

It  is  not  difficult  to  understand  how  bodies  come  to  be  excited  by 
induction.  Let  us  consider  the  insulated  cylinders,  E  C,  as  being 
neutral,  and  having 
their  natural  electri- 
cities combined,  and 
9  distributed  uniform- 
ly over  their  surface. 
^^  If  a  globe.  A,  exci- 
"^  ted,  say  with  posi- 
tive electricity,  be  brought  near,  it  will  attract  the  opposite  electri- 
city of  B  to  the  end  which  is  nearest  it,  and  repel  the  electricity 
of  the  same  name  to  the  farthest  extremity  ;  both  electricities  of 
B  will  thus  become  free,  and  B  will  be  excited  by  the  influence  of 
the  electricity  of  the  body.  A,  at  a  distance  ;  and  the  condition  of 
B  is  cliaracterized  by  its  two  extremities  being  in  opposite  states, 
and  hence,  at  a  certain  point  between  them,  perfect  neutrality  re- 
maining. The  positively  excited  end  of  B  influencing  C  in  a  cor- 
responding way,  brings  it  also  into  an  excited  state,  and  this  com- 
munication of  action  would  go  on  through  any  number  of  bodies, 
the  force  set  free  being  regulated  by  the  law  of  the  inverse  square 
of  the  distance  from  the  original  disturbing  cause  at  A.  As  long 
as  A  remains  in  its  place,  the  state  of  electrical  excitation  is  kept 
up  ;  if  A  be  totally  removed,  the  natural  electricities  of  each  body 
recombine,  and  all  become  neutral ;  if  A  bo  brought  very  close  to 
B,  or  B  to  C,  the  attractions  between  the  opposite  electricities  be- 
come BO  great  that  they  unite  across  the  intervening  space  of  air, 
and  a  spark  passes.  The  bodies  are  then  found  to  be  in  the  same 
state,  and  the  communication  by  contact,  or  the  excitation  which 
occurs,  is  shoivn  to  be  only  the  termination  of  the  inductive  action. 
For  suppose  that  A  had  10  parts  of  -\-  electricity,  and  that,  by  in- 
duction, it  set  free  5  of  the  —  and  5  of  the  +  fluid  on  the  surface 
of  the  body  B  ;  then,  when  the  spark  had  passed,  the  ■ — 5  destroy- 
ing -f  5  of  the  body  A,  the  two  bodies  should  remain  each  with 
4-5,  and  thus  ihe  results  of  contact  described  already  should  be 
produced. 

The  distance  at  which  the  combination  of  the  electricities  of  the 
inducing  and  the  induced  body  may  occur,  depends  upon  the  inten- 
sity of  the  fluids  collected  on  the  parts  of  the  surface  nearest  to 
each  other  ;  and  hence,  when  there  is  on  the  body  a  point  on  which 
the  great  proportion  of  the  liberated  fluid,  as  has  been  already  de- 
scribed, becomes  accumulated,  the  fluid  escapes  from  thence  before 
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it  is  in  sufficient  mass  to  break  its  way  under  the  form  of  a  spark, 
and  thiis  the  permanent  and  similar  excitation  of  the  body  silently 
occurs.  This  is  the  true  theory  of  what  has  hitherto  been  de- 
scribed as  the  power  of  points  to  gather  and  to  disperse  the  elec- 
tric fluid.  If  a  pointed  body  be  excited  by  friction,  it  induces  an 
opposite  state  in  the  particles  of  air  by  which  it  is  surrounded,  and 
communicates  to  them,  with  great  rapidity,  the  charge  which  it  had 
received.  The  prime  conductor  of  the  machine,  being  insulated, 
has  its  electricities  separated  by  the  inductive  action  of  the  excited 
glass  cylinder  or  plate  ;  the  negative  electricity  collected  on  the 
points  turned  towards  the  glass  escapes  from  thence,  and  unites 
with  the  positive  fluid  which  had  been  set  loose  by  friction,  and 
proportional  quantities  of  the  positive  fluid  of  the  prime  conductor 
being  left  free  upon  its  surface,  it  serves  the  same  purpose  as  a 
source  of  electricity  as  if  it  had  come  directly  from  the  glass.  A 
point  placed  on  the  prime  conductor  prevents  the  accumulation  of 
the  electricity,  because  it  gives  the  +  to  the  air  as  fast  as  the  oth- 
er points  give  the  —  to  the  glass  ;  a  point  held  near  the  prime  con- 
ductor also  prevents  its  excitation,  by  giving  to  it  by  induction  — 
electricity  as  fast  as  it  obtains  +  electricity  from  the  glass  of  the 

In  all  these  cases  of  induction  where  the  electricities  attract  and 
repel  each  other,  the  bodies  on  which  the  electricities  are  collected 
will  accompany  them  in  their  motions  if  they  be  not  too  heavy. 
Hence  all  the  singular  motions  of  bodies,  when  excited,  are  ex- 
plained upon  this  principle.  The  variety  of  dancing  figures,  ring- 
ing bells,  revolving  wheels,  affrighted  heads,  and  so  on,  that  are  ex- 
hibited in  popular  lectures  on  this  subject,  will  serve  to  practise  the 
ingenuity  of  the  student  in  tracing  out  their  theory  in  the  detail, 
with  which  it  would  be  quite  improper  to  occupy  this  work. 

The  theory  of  the  Bennet's  gold  leaf  eleecromeier,  with  which  some  of  tlie  most 
important  priueiples  of  statical  electricity  are  damonstrated,  must  not,  however,  bo 
omitted.  When  an  excited  rod  is  brought  over  the  electroscope,  it  separates  the 
electricities  of  the  metallic  portions  of  the  instrument,  attracting  the  opposite  to  the 
upper  surface  of  the  cap,  and  repelling  that  of  the  same  name  into  the  gold  leares, 
which,  being  thus  excited  with  the  same  electricity,  repel  each  other,  and  hence 
diverge.  If  the  exciting  body  be  -\-,  it  is  the  -j-  fluid  by  which  the  instrumentap- 
pears  affected ;  if  it  be  — ,  the  leaves  diverge  from  the  presence  of  —  electricity. 
Hence  if,  when  it  is  under  the  influence  of  a  glass  rod  rubbed  with  silk,  a  stick  of 
sealing-wax  which  had  been  rubbed  with  flannel  be  brought  near,  the  divergence 
diminishes,  until  at  lasttheleavescollapsecompletely,  the  resin  having  driven  down 
as  much  negative  electricity  as  there  had  been  positive  brought  into  action  by  the 
glasH,  Bud  hence  the  gold  leaves  coming  into  their  natural  and  indifferent  condition. 
That  it  ia  by  this  induotiveprooess  that  the  gold  leaves  act,  may  be  thusshowQ.  H 
tbe  cap  of  tlie  electroscope  be  rubbed  with  a  dry  silk  handlierchief,  it  becomes  excited, 
and  the  leaves  diverge  with  negative  electricity ;  if  then  an  excited  glass  rod  be 
brought  near,  the  divergence  ia  neutralised,  showing  that  positive  electricity  had  been 
sent  down  by  the  glass  ;  but  if  an  excited  resinous  body  be  approached,  tlie  diver- 
gence inci'easeB,  indicating  the  superaddition  of  electricity  of  the  entoe  name  from 
Uie  inducing  power  of  the  resin. 

If,  as  in  the  figure  (page  118),  the  cylinder  C  be  connected  with  the  ground  by 
means  of  a  wire  or  a  wetted  thread,  D,  the  positive  electricity  passes  from  that  body 
througli  tlie  wire  into  the  earth,  wliere,  from  the  enormous  surface  of  the  globe,  it 
may  be  looked  upon  as  lost,  and  the  surface  of  C  ia  altogether  in  a  state  of  negative 
excitation.  If,  now,  the  exciting  body  A  be  taken  away,  the  quantity  of  pusitive  fluid 
returns  along  the  wire,  and  brings  the  body  C  into  its  neutral  state  ;  but  if  before  the 
body  A  be  taken  away,  the  conducting  communication  with  the  ground  becat  ofl"by 
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the  removal  of  tlio  wire  or  tliread,  Hie  body  C  cannot  get  its  positive  electricity  back, 
and  hence  remains  ia  a  state  of  negative  excitation.  In  this  manner  a  substance 
may,  by  induction,  be  made  lo  receive  a  permanent  charge.  This  is  often  useful  in 
esperiraents  with  the  electroscope,  and  the  manipulation  to  charge  it  permanently  is 
as  follows  :  If  it  be  desired  to  charge  it  positively,  an  excited  sUclt  of  resin  is  held 
near,  and  the  cap  of  the  electroscope  is  touched  with  the  finger.  The  negative  elec- 
tricity then  esc^es  by  the  band  into  the  gtound,  and  the  positive  electricity,  accu- 
mulating over  the  cap  and  leaves,  these  to  diverge.  Ob  then  removing  the  finger, 
the  leaves  are  insulated ;  and  when  the  stick  of  resin  is  tahon  away,  the  permanent 
charge  remains.  To  charge  with  negative  electricity,  an  excited  glass  rod  is  to  be 
used ;  and  it  will  be  recollected,  that  where  the  charge  of  the  leaves  is  temporary, 
its  electricity  is  the  same  as  that  of  the  exciting  body ;  but  where  the  charge  is  per- 
manent, the  electricity  is  of  an  opposite  kind. 

After  the  exciting  body,  in  the  latter  Instance,  has  been  withdrawn,  the  divergence 
of  the  gold  leaves  becomes  much  greater  than  it  had  been  before.  This  arises  from 
the  charge  being  increased  by  its  action  on  the  surrounding  bodies,  particularly  on 
the  glass  by  which  the  leaves  are  enclosed.  By  taking  advantage  of  the  increase 
of  charge,  by  secondary  inductive  action,  various  forms  of  the  electroscope  have  been 
contrived  for  rendermg  it  more  sensible,  and  are  described  in  special  treatises  on 
electricity  under  the  name  of  Doubters  and  Condensers.  As  they  do  not  add  anything 
lo  our  knowledge  of  principles,  and  have  no  pecuhar  chemical  relations,  I  shall  not 
enter  on  their  farther  consideration. 

One  of  the  most  interesting  instruments  in  statical  electricity, 
founded  on  the  principle  of  induction,  is  the  Let/den  Jar,  eo  called 

A  from  the  city  where  its  construction  was  discovered. 
It  consists  of  a  glass  hottle,  which  is  coated  inside  and 
outside,  to  a  smaH  distance  from  the  top,  with  tin  foil, 
and  has  fitted  to  the  orifice  a  wooden  or  cork  stopper, 
through  which  passes  a  stout  wire,  touching  at  the  bot- 
tom the  internal  coating,  and  terminated  outside  by  a 
metallic  knob.  When  this  jar  is  insulated,  and  the  knob 
is  touched  to  the  prime  conductor  of  the  machine,  and 
-.c i— _^=.^  the  handle  turned,  the  positive  electricity  passes  to  the 

internal  coating  of  the  jar,  and  excites  it  to  an  equally  powerful  de- 
gree. This,  then,  reacting  by  induction  upon  the  electricities  of  the 
external  coating,  separates  them,  attracting  the  negative  to  the  side 
next  the  glass,  repelling  the  positive  to  the  outer  side.  The  posi- 
tion becomes,  therefore,  +  —  +  ;  and  when  the  +  fluid  inside 
makes  up  hy  its  greater  quantity  for  the  thickness  of  the  glass  by 
which  it  is  separated  from  the  —  fluid,  no  more  can  enter  into  the 
jar.  In  this  case  the  inside  of  the  jar  may  be  considered  as  being 
merely  an  extension  of  the  prime  conductor;  and  the  electricities 
of  the  external  coating,  although  separated  from  each  other,  are 
only  in  the  quantities  which  had  been  always  present.  But  if  the 
external  coating  be  connected  with  the  ground,  the  +  fluid,  being 
repelled  by  that  inside,  passes  away,  and  another  quantity,  entering 
from  the  prime  conductor  into  the  jar,  decomposes  a  new  quantity 
of  the  natural  fluids  of  the  external  coating,  of  which  also  the  posi- 
tive escapes  and  the  negative  remains  behind,  held  by  the  attraction 
across  the  glass  to  the  positive  fluid  inside.  New  quantities  of  pos- 
itive electricity  entering  continually  from  the  machine,  the  accu- 
mulation of  negative  electricity  on  the  outer  coating  proceeds,  un- 
til the  tendency  of  the  two  to  combine  is  so  intense  as  to  break 
their  way  across  the  glass,  cracking  the  jar,  or  to  creep  over  the 
mouth  from  the  edge  of  one  coating  to  that  of  the  other,  and  thus 
the  jar  discharges  itself.     To  discharge  a  jar  in  which  the  elec- 
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tncities  are  so  accumulated,  it  is  only  necessary  to  connect  by  ti 
wire  the  internal  and  external  coatings ;  when  the  extremities  of 
the  wire,  whicli  are  generally  terminated  by  brass  balls,  approach, 
a  large  brilliant  spark  passes,  accompanied  by  a  loud  report,  and  the 
jar  returns  to  its  original  nentral  state. 

By  thus  collecting  great  quantities  of  electricity  in  large  jars  or 
in  sets  of  jars  (electrical  batteries),  the  most  beantifnl  and  remark- 
able phenomena  of  electrical  force  may  be  exhibited. 

The  principle  of  the  construction  of  the  Leyden  jar  may  be  ex- 
perimentally demonstrated  as  follows :  First,  it  has  been  already 
explained  that  the  jar,  when  insulated,  is  incapable  of  receiving  any 
other  charge  from  the  machine  than  what  its  internal  coaling  obtains 
by  forming  part  of  the  surface  of  the  prime  condactor ;  the  principle 
of  induction  requiring,  in  order  that  one  electricity  may  accumu- 
late upon  its  outer  surface,  the  other  shall  be  dissipated  on  the  ground. 
Second,  a  light  body  placed  between  two  balls,  connected,  one  with 
th{!  internal,  and  one  with  the  external  coating,  is  alternately  attract- 
ed and  repelled  by  each,  and  thus  the  accumulation  on  the  two 
coatings  is  shown  to  be  of  opposite  kinds.  Third,  the  quantity  of 
electricity  which  passes  from  the  external  coaling  may  be  showa 
to  be  equal  to  that  which  passes  into  the  interna!  coating  from  the 
machine,  hy  insulating  the  jar,  and  applying  the  knob  of  a  second 
jar  which  is  not  insulated  to  its  outer  surface ;  this  second  jar  will 
be  found  charged  to  the  same  degree  as  the  first,  and  the  inner  and 
outer  coatings  will  be  respectively  in  the  same  state. 

Statical  electricity,  thus  accumulated  in  the  Leyden  jar,  is  capa- 
ble of  giving  violent  shocks  to  the  animal  frame,  of  evolving  light 
and  heat,  and  producing  also  powerful  mechanical  effects. 

An  instrument  founded  on  the  principle  of  induction,  and  which 
is  of  frequent  use  in  chemical  experimeuls,  when  an  electric  spark 
of  moderate  power  is  required,  is  the  eleclrop/torus  of  Volta.  It  con- 
sists of  a  flat  cake  of  resin,  b,  which  is  generally  spread  on  a  circu- 
lar bp^aird  of  eight  or  ten  inches  diameter.  There  is  laid  on  this 
another  circular  plate,  a,  somewhat  smaller,  and  which  may  be  either 
of  brass  or  tinned  iron,  with  the  edges  turned  up  over  a  thick  wire, 
so  as  to  round  it,  or  a  board  covered  with  tin  foil.  To  this  upper 
plate  is  attached  an  insulating  handle  of  glass,  c,  and  from  its  edge 
projects  a  wire  terminated  by  a  knob.  The 
ous  plate,  being  warmed,  is  to  be  strongly  e 
by  friction  with  a  warm  flannel  cloth  or  a 
skin,  and  then  the  upper  plate  is  to  be  laid  on 
is  touched  with  the  finger.  The  negative  electricity  [  i 
of  this  passes,  then,  into  the  ground,  and  the  positive  \ 
accumulates  on  the  surface  next  the  resin,  of  which 
it,  by  induction,  increases  the  negative  charge.  This  new  portion 
of  negative  fluid  decomposes  a  new  quantity  of  the  electricities  of 
the  upper  plate,  which  again  reacts,  and  thus  the  plates  are  mutually 
brought  into  a  stale  of  very  intense  excitement.  If,  then,  the  finger 
be  removed,  the  upper  plate  is  insulated,  and  its  charge  of  positive 
electricity  retained  upon  it ;  and  on  applying  the  kftob  of  the  wire 
to  any  conductor  or  to  the  knuckle,  a  strong  spark  may  be  obtain- 
ed from  it ;  the  instrument  may  be  repeatedly  charged  and  dischar- 
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ged  in  a  few  minutes,  and  retains  its  charge  belter  thiin  the  electrify- 
ing^ machine. 

This  inductive  action  of  electricity  would  at  first  appear  to  be 
exercised  at  a  distance,  altogether  independent  of  the  interposed 
substances,  and  to  produce  the  motions  to  which  it  gives  rise,  as 
gravity  causes  the  revolutions  of  the  planets  and  their  satellites, 
without  the  existence  of  any  interposed  medium  ;  hut  a  more  exact 
examination  shows  that  this  is  not  the  case.  The  substaoces  inter 
posed  in  the  path  of  the  inductive  action  are  necessary  to  its  trans- 
mission, and  modify,  by  their  nature,  its  direction  and  amount ;  and 
it  is,  indeed,  only  from  molecule  to  molecule  of  any  auhstanee,  gas- 
eous or  solid,  that  the  decomposition  of  the  natural  electricities  can 
take  place. 

This  may  he  beautifully  shown  by  plunging  in  a  vessel  of  oil  of 
tuj-pentine,  which  is  an  excellent  fluid  insulator,  two  brass  balls,  of 
which  one  is  in  connexion  with  the  electrical  machine,  aad  the 
other  with  the  ground.  On  turning  the  machine,  the  latter  be- 
comes excited  by  induction.  If,  now,  a  number  of  short  shreds  of 
sewing  silk  be  mixed  with  the  oil  of  turpentine,  the  mechanism  of 
the  inductive  action  is  shown  by  each  little  bit  of  silk  acting  like 
the  bodies  B  and  C  in  the  figure  (p.  118)  i  and  attaching  themselves 
mutually  by  their  extremities,  they  transmit  the  electricity  of  the 
machine,  by  a  series  of  decompositions,  to  the  ball  which  is  con- 
nected with  the  ground.  If  the  excitation  be  very  violent,  the  at- 
tractions and  repulsions  become  too  strong  to  be  regularly  trans- 
mitted ;  and  this  induction  is  accompanied  by  a  powerful  current 
of  the  particles  of  the  oil  from  the  first  ball  to  the  second.  The 
particles  immediately  in  contact  with  the  directly  excited  ball  ac- 
quire its  state,  and,  being  repelled,  immediately  pass  off  to  that  which 
has  obtained,  by  induction,  the  opposite  condition,  and  there  become 
neutralized.  Now  what  here  occurs  with  the  oil  of  turpentine  takes 
place  in  ordinary  induction  with  the  ait ;  every  molecule  of  it  inter- 
posed between  the  solid  bodies  becomes  itself  subjected  to  the  in- 
ductive action,  and  forms  a  chain  of  alternate  positive  and  negative 
poles,  hy  which  the  effect  (nay  be  transmitted  to  any  distance.  If 
the  excitation  be  very  great,  the  neutralization  may  occur  with  vi- 
olence and  rapidity,  and  generate  currents,  as  in  the  oil  of  turpen- 
tine. It  is  these  currents  which,  being  produced  by  the  repulsion 
of  the  particles  of  air  from  excited  points,  are  rendered  sensible  in 
the  effect  termed  the  electrical  aura,  and  are  shown  by  the  experi- 
ments of  revolving  flies.  A  still  more  violent  and  rapid  recomposi- 
tion  of  tht!  electricities  of  the  air  molecules,  which  had  been  sep- 
arated by  induction,  gives  the  electric  spark  in  its  various  forms, 
such  as  the  star,  the  brush,  &c.,  according  to  the  manner  in  which . 
it  is  received  and  generated. 

That  the  excitation  by  induction  of  a  body  at  a  distance  ji^  eflect- 
ed  in  this  manner,  from  particle  to  particle  of  the  interposed  sub- 
stance, is  beautifully  shown  in  the  results  obtained  by  Faraday  con- 
cerning the  influence  of  the  nature  of  the  medium  on  the  amount 
of  inductive  charge  transmitted.  The  instrument,  which  he  has 
termed  an  inductomeler,  consists  of  a  hollow  sphere  of  brass,  a  a  b, 
and  a  sphere  of  smaller  size,  A,  also  .of  brass,  which  is  placed  exact- 
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ly  concentric   with  it.     The    interval  between 

these,  o  o,  may  be  occupied  by  any  substance, 

as  air,  or  glass,  or  sulphur  ;  and  then  the  central 

sphere  being  insulated  from   the  outer  by  the 

shell-lac  column  h,  and  having  been  excited  from 

the  machine  through  the  ball  and  wire  B,  the 

outer  one  is  uninsulated,  and  the  whole  becomes 

a  Leyden  jar,  in  which  the  material  may  be  va- 
ried at  the  will  of  the  experimenter.     By  means 

of  the  tube  and  stopcock /li,  the  air  in  o  o  may 

be  removed,  and  any  other  gas  substituted  for  it.  ^ 

The   outer   sphere  opens  at  b  in  two,  so  that  ' 

melted  sulphur  or  shell-lac  may  be  poured  ir 

form  the  inductive  medium. 

When  the  internal  sphere  is  excited  always 

to  the  same  degree,  the  charge  of  the  external 

coating  should  be  the   same,  no  matter  what 

might  be  the  nature  of  the  intervening  substance, 

if  the  action  took  place  simply  at  a  distance,  after 

the  manner  of  gravitation.     But  this  is  not  the 

case.     With  the  same  internal  charge,  the  exci- 
tation of  the  external  sphere  was  found  to 

that  with  air  being  100,  with  shell-lae  150,  with  '^ 

flint  glass  176,  and  with  sulphur  224.     In  these 

the  molecular  excitation  was  transmitted  in  proportion  t 

numbers,  which  express,  therefore,  the  degree  of  excitation  that  a 

common  amount  of  inductive  influence  is  able  to  produce  in  masses 

of  these  bodies.  All  gases,  no  matter  how  different  in  chemical 
1  though  the  temperature  and  press- 
ssessed  the  same  specific  inductive 


\  mterestm; 
I  only 


capacity  as  air. 

This  principle  is  farther  shown  i, 
fact  that  the  induction  is  not  exerc 
the  straight  line  connecting  the  solid  inducing 
and  induced  bodies,  but  that  at  every  intervening 
point  there  is  a  lateral  action  exercised  by  the 
mterposed  molecules  of  air,  which  may  be  them-  ). 
selves    considered   centres   of  inductive  force. 
Thus,  if  a  cylinder,  a,  of  shell-lac  be  excited  by 
friction,  and  a  brass  hemisphere.  A,  placed  on  top 
of  it,  the  intensity  of  the  induced  electricity  will 
he  found  to  depend  not  merely  on  the  distance    ci  '^^^a 
from  the  excited  source  and  the  nature  of  the 
interposed  material,  but  to  be  more   energetic 
'as  when  the  car- 
electrometer  V 
ower  or  highoi 
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1  certain  positions  in  thi 
rier  ball  of  Coulomb' 


placed  at  o,  than  when  it  n 
n  mf. 

Faraday  has  been  led  by  his  experiments  to  conclude  that  the 
tiiffbrence  between  conducting  and  non-conducting  bodies  is,  that 
the  former  assume  with  exceeding  rapidity,  under  an  inductive  in- 
fluence, this  condition  of  molecular  excitation,  and  hence  appear  to 
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allow  the  electricity  to  pass  actually  and  jusfantly  through  their 
substance,  whereas,  in  reality,  it  is  only  that  the  separation  and  ce- 
compositioit  of  the  electricities  of  the  chain  of  molecules  has  been 
so  accomplished.  They  lose  also  this  condition  as  soon  as  the  ex- 
citingf  cause  has  been  removed,  whereas  non-conductors,  when  their 
particles  have  acquired  electrical  excitation,  remain  in  that  state  of 
tension  for  a  certain  time.  Thus,  if  the  internal  and  external  coat- 
ings of  a  Leyden  jar  were  connected  by  a  metallic  wire,  the  induct- 
ive action  would  be  propagated  immediately  across  it ;  but  the  in- 
stant that  the  source  of  the  excitation  was  removed,  the  electrici- 
ties of  the  two  coatings  would  recombire,  from  the  facility  with 
which  the  molecules  of  the  wire  can  assume  the  inverse  condition. 
But  with  an  interposed  pJate  of  glass  the  result  is  different;  the  in- 
ductive action  is  propagated  equally,  but  more  slowly ;  and  liiat  it 
is  the  particles  of  the  glass  that  really  produce  the  charge  by  their 
excitation,  is  demonstrated  by  the  fact  that  the  metallic  coatings 
may  be  removed,  and  yet  the  accumulated  electricities  be  not  dis- 
turbed i  the  tin  foil  serving  only  to  discharge  at  the  same  moment 
every  particle  of  the  glass,  as  if  a  wire  had  been  individually  applied 
to  each.  That  the  induction  has  acted  on  the  substance  of  the 
glass  explains  also  the  peculiarity  of  what  is  called  the  secondary 
or  residual  chavge.  When  the  particles  at  the  surface  have  been 
discharged,  they  are  acted  on  by  the  deeper  molecules  which  are 
still  escited,  and  hence  acquire  a  second  inductive  charge  ;  and  with 
thick  glass,  and  particularly  with  bodies  which  do  not  insulate  quite 
so  well  as  glass,  there  may  be  even  a  third  or  a  fourth  charge  of 
this  kind. 

Conduction  is  therefore  only  the  highest,  most  intense,  and  most 
rapid  form  of  induction  j  and  it  appears  from  Faraday's  investiga- 
tions that  the  permanent  escitation  of  an  electrified  body  has  its 
origin  also  in  the  inductive  influence  of  the  bodies  that  are  around. 

The  somce  of  the  electricity  evolved  by  the  electrical  machine 
cannot  be  considered  as  being  positively  known.  Wollaston  in- 
stituted a  series  of'  experiments,  by  which  it  appeared  to  be  demon- 
strated that  there  was  no  electricity  evolved  except  where  chemical 
combmation  took  place,  and  the  superior  power  given  to  the.  ma- 
chine by  the  amalgam  of  tin  and  zinc  being  spread  upon  the  rubber 
was  supposed  to  verify  this  idea.  These  experiments  of  Wollaston 
have  been  latterly  repeated  with  great  care  by  Peltier,  and  with 
different  results ;  he  found  that  the  electricity  evolved  was  propor- 
tional only  to  the  amount  of  friction,  and  was  the  same  under  va 
rious  circumstances  of  liability  to  the  presence  or  absence  of  chem 
ical  action  of  the  materials  rubbed.  It  is  therefore  likely  that,  at 
least,  the  electricity  of  the  machine  may  be  generated  by  the  sim- 
ple molecular  derangemeiit  and  vibration  which  friction  necessarily 
produces  ;  and  this  view  is  very  much  supported  by  the  undeniable 
fact,  that  by  other  agencies  purely  molecular,  where  no  trace  of 
chemical  action  can  be  pretended,  the  same  form  of  statical  elec- 
tricity may  be  produced. 

In  almost  all  cases  where  Ihe  particles  of  bodies  are  suddenly  and  violently  ilis- 
arraoged,  the  separaleil  surfaces  are  found  to  be  electrically  esoited ;  for  instance, 
if  a  piece  of  mica  he  torn  into  thin  leaves,  these  are  powerfully  electric.  In  many 
mineral  substances  a  change  of  temperature  causes  a  manifestation  of  electrical 
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polarity  in  a  very  remarkable  degree ;  thus,  if  a  long  prism  of  tourmaline  be  heated, 
one  extremity  becomes  positive  and  the  other  negative  ;  when  the  temperature  at^ 
taina  ita  highest  point  and  becomes  stationary,  ali  symplonia  of  electricity  disappear, 
but  on  cooling  they  return ;  in  the  inverse  order,  llowever,  the  end  which  had 
been  positive  becoming  negative,  and  so  on.  In  this  case  it  appears  as  if  the  par- 
ticles, in  the  internal  motion  which  ttie  expanding  force  of  lieat  produces  in  them, 
acquired  the  same  condition  of  polarity  as  they  would  have  done  by  an  external 
friction.  If  the  expansive  effect  of  heat  and  tlie  consequent  change  of  position 
among  the  particles  of  tlie  tourmaline  had  been  tlie  SBine  tbroiigliout,  there  would 
have  been  no  reason  for  electrica!  dtstmbance ;  but  this  mineral,  and  some  others 
which  likewise  become  electrie  on  being  heated,  as  boracite,  are  exceptions  Co  the 
general  law  of  crystalline  symmetry,  and  in  other  respects,  as  with  regard  to  light, 
indicate  a  kind  of  aCmctnre  which  is  very  complex  and  peculiar.  In  siicii  cases,  an 
internal  friction  by  the  aElLon  of  expansion  on  the  unsymmetrically  situated  mole 
cttles  of  the  crystal  is  the  origin  of  the  electrical  excitation. 

The  source  of  statical  electricity,  which  is  of  the  greatest  importance  in  nature 
from  tlie  universality  of  its  action,  is  that  of  eliange  of  stale  of  aggregation.  When 
any  body  passes  from  the  liquid  to  the  solid,  or  from  the  liquid  lo  the  vaporous  eon 
ditioR,  or  in  the  reverse  order,  from  being  sohd  or  being  ^seous  becomes  liquid,  dis- 
turbance of  the  previous  electrica]  equihbrium  results.  Thus,  if  a  little  melted  sul- 
phur be  poured  into  a  glass,  or  if  melted  tallow  or  resin  be  poured  out  on  a  me- 
tallic plate,  the  bodies  after  solidlGcation  wdl  be  found  excited.  If  a  cup  of  watei 
he  placed  on  the  plate  of  the  electroscope,  and  a  red-hot  ball  of  metal,  or  even  a 
red-hot  cinder,  he  dropped  into  it,  the  gold  leaves  immediately  diverge  by  the  influ- 
ence of  the  negative  excitement  which  is  assumed  by  the  water  which  remains, 
and  which  communicates  itself  to  the  metallic  cup  and  to  the  instrument ;  if  the 
gush  of  vapour  had  been  allowed  to  impinge  on  the  plate  of  another  instrument,  it 
would  have  shown  excitation  by  positive  electricity.  This  last  is  one  of  the  Jii»st 
abundiut  sources  of  electricity;  for  aa  at  all  oi'dinary  temperatures  evapniation 
takes  place  from  the  surface  of  al!  the  water  of  the  globe,  and  the  vapour  produced, 
carrying  with  it  theprodlgiousquantity  of  positive  electricity  which  is  thus  set  free, 
mixes  with  the  air,  our  atmospliere  is  alntost  coiitinually  in  an  electrical  condition, 
generally  positive,  but  at  some  times,  from  interfering  causes,  negjitive.  The  great 
body  of  vapour,  when  condensed  by  the  more  elevated  and  colder  regions  of  the 
air,  collects  into  the  peculiar  condition  which  constitutes  a  mass  of  cioud,  and 
therein  is  thus  concentrated  all  the  electricity  evolved  by  evaporation  at  the  sur- 
fece.  The  clouds  are,  therefore,  intensely  electric ;  and  when  attracted  by  indue 
tion  to  each  other,  or  to  some  prominent  object  on  the  earth,  as  a  mountain-peak 
or  an  elevated  building,  the  discliarge  and  neutralization  of  the  electricities  take 
place  with  the  brilliancy  and  destraotive  agency  of  the  lightning,  while  the  reprat, 
re-echoed  Irom  the  surfaces  of  the  remaining  clouds,  or  by  the  sides  of  the  adja- 
cent mountains,  produces  the  efTeet  upon  the  ear  of  the  continuous  rattle  of  the 
thunder. 

There  is  no  doubt,  however,  but  that  in  many  cases  of  chemical  combination 
and  deconqiosition  electricity  in  its  statical  form  may  be  evolved ;  thus  Pouillet 
proved  decisively,  that  when  charcoal  is  burned,  the  carbonic  acid  which  passes  off 
is  in  a  state  of  positive  excitement,  and  the  residual  mass  of  charcoal  becomes  neg- 
atively charged.  When  hydrogen  burns  in  air,  the  vapour  of  water  carries  off  the 
positive  electricity,  while  t!ie  negative  fluid  distributes  itself  on  the  hydrogen  re- 
maining, and  the  vessel  from  which  it  issues.  There  is  thus,  in  the  combustion 
of  our  ordinary  fuel,  a  vast  source  of  the  electricity  of  our  atmosphere,  in  addition 
to  that  evolved  by  water  in  evaporating ;  and  it  has  been  found  that  the  evaporation 
of  a  saline  solution,  as  sea-water,  produces  a  much  greater  degree  of  esciteraent 
than  when  the  water  is  completely  pure,  owing,  perhaps,  to  the  destruction  of  the 
condition  in  which  the  salt  and  water  liad  been  united.  The  evolution  of  statical 
electricity  occurs,  also,  when  the  chemical  action  is  of  a  much  more  complex  and 
obscure  kind  ;  thus,  in  the  growth  of  a  seedling  plant,  the  carbonic  acid  which  il 
evolves  is  in  a  positively  excited  state,  and  the  substance  in  which  the  seed  is  im- 
bedded becomes  negative.  It  would  appear,  however,  that  fretjnently  electricity 
thai  liad  been  imagined  to  arise  fTom  the  chemiciil  relation  of  the  bodies  brought 
into  coQtact,  arose  Irom  their  merely  mechanical  action  on  each  other ;  lime  the 
electricities  produced  by  sifting  lime  and  oxalic  acid  togeliier  on  the  plate  of  the 
electrometer  are  produced. 

The  mere  contact  of  bodies  has  been  supposed  sufficient  to  evolve  electricity  upon 
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tlieir  suffaee.  The  trace  of  escitalion  in  such  experiments  is  so  small,  anil  dimin- 
ishes so  much  in  proportion  as  care  is  taken  to  avoid  friction  and  other  causes, 
that  we  may  consider  contact  as  being  in  itsell  wittiout  power,  , 

The  rem^kabte  characteristic  of  statical  electricity  developed  by  any  of  these 
methods,  is  llie  amazing  energy  of  its  action  on  bad  conductors,  and  on  the  heat 
cdiiducCors  if  tlieir  substance  be  not  of  sufficient  mass  to  give  it  ffee  passage  from 
one  point  to  another ;  while  it  is  only  with  difilcuity  that  we  can  obtain,  by  means 
of  it,  the  slightest  chemical  decomposition.  In  the  language  of  the  theory  of  elec- 
trical fitlids,  the  electricity  is  developed  in  excee<lingly  small  quantities  by  friction 
cr  change  of  aggregation,  and  hence  can  perform  but  feebly  such  offices  as  chemi- 
cal decomposition,  which  depend  on  the  quantity  that  passes  in  a  given  time ;  but 
this  small  quantity  is  gilled  with  immense  tension ;  the  few  molecules  which  be- 
come i«lariaed  are  so  to  an  intense  degree,  and  the  attractive  and  repulsive  forces 
which  they  exert  are  then  sufficient  to  cause  tlte  greatest  mechanical  e/Tects 

SECTION  11. 


The  sources  from  which  electricity  is  derived  in  a  continually 
circulating  form,  so  that  its  properties  shall  result  from  its  uninter- 
rupted motion,  must  necessarily  consist  in  arrangements  from  which 
all  insulating:  substances  are  to  be  carefully  excluded.  la  statical 
electricity,  the  connexioa,  by  a  conducting  medium,  of  the  opposite 
extremities  of  an  inductively  excited  body,  caused  all  electrical  in- 
dications instantly  to  disappear,  while  that  kind  of  connexion  is  ab- 
solutely necessary  to  the  continuous  flowing  of  the  electricity  which 
constitutes  its  dynamical  condition  ;  and  when  the  conducting  circle 
is  broken  by  the  intervention  of  the  smallest  portion  of  insulating 
matter,  either  all  electrical  excitation  ceases,  or  at  most  a  feeble 
trace  of  it  remains,  with  the  properties  which  characterize  its  stat- 
ist. Electricity  thus  circulating  through  conductors  is  found 
naturally  existing'  in  those  substances  which  thereby  possess  mag;- 
netic  properties.  There  is  every  reason  to  believe  that  the  native 
loadstone,  as  well  as  all  our  artificial  steel  and  iron  magnets,  are 
closed  circles  of  dynamical  electricity,  set  in  motion  Dy  forces 
which  depend  on  the  chemical  and  mechanical  constitution  of  these 
bodies.  2d.  When  any  closed  conducting  circuit  ia  at  the  same 
time  unequal  in  mechanical  constitution  and  in  temperature,  so  that 
the  current  may  pass  more  easily  through  one  point  than  another, 
such  a  current  is  generated,  flowing  from  the  portion  where  the  ob- 
stacle is  greatest  to  that  part  where  it  is  least,  3d.  When  sub- 
stances capable  of  mutual  chemical  combination  or  decomposition 
act  on  one  another,  there  is  a  current  of  electricity  produced.  In 
the  case  of  simple  union  or  double  decomposition,  the  circle  is  in- 
ternally closed,  like  that  of  a  steel  magnet ;  but  where  there  is  sim- 
ple decomposition  or  replacement,  the  current  may  be  directed 
through  any  kind  of  circuit ;  and  thus  constituting  the  most  impor- 
tant branch  of  dynamical  electricity,  is  called  Galvanism  or  Voltaism, 
from  the  names  of  its  most  illustrious  investigators. 

4th.  By  means  of  organized  structures,  of  which  it  is  only  lately, 
by  the  researches  of  Matteucci,  that  the  true  nature  and  functions 
have  become  known,  certain  fishes  possess  the  power  of  transmit- 
ting a  current  of  electricity  across  even  imperfect  conductors,  and 
employ,  instinctively,  the  eflect  of  this  current  upon  the  living 
frame  of  smaller  animals  in  order  to  obtain  them  for  food.     The 
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identity  of  tiie  electricity  from  this  animal  origin,  ivhh  the  fluid  of 
ihe  other  dynamic  sources,  has  been  completely  proved,  particalat 
ly  by  Faraday;  and  as  the  question  of  the  anatomical  structure  of 
the  eleutric  organ,  and  of  the  peculiar  part  of  the  brain  from  which 
the  electric  nerves  arise,  interests  the  physiologist  rather  than  the 
chemist,  I  shall  merely  state  that  the  current  so  obtained  possesses 
all  the  properties  that  will  be  described  as  characterizing  galvanic 
electricity  of  very  high  tension,  and  allude  nc  farther  to  Jt. 

To  the  chemist,  the  electricity  of  the  Galvanic  or  Voltaic  battery 
is  the  most  interesting  of  all  the  forms  which  this  agent  may  as- 
s  me  t  0  n  tl  e  itimate  relation  which  exists  between  it  and  the 
force  bj  nl  cl  tl  e  elements  of  bodies  are  bound  together  in  chem- 
ical CO  Tib  at  on  To  it,  therefore,  I  shall  especially  direct  atten- 
tion a  d  CO  ier  the  remaining  sources  only  so  far  as  the  electri- 
c  ty  I  ei  tl  ev  Y'^ld  may  difler  from  it.  I  shall  endeavour,  also, 
to  cons  de  t  o  ly  as  characterizing  bodies  by  their  properties  of 
eJtcitmg  the  euirent,  or  of  conducting  it  when  excited,  deferring 
the  important  topic  of  the  action  of  the  current  upon  compound 
bodies  until  the  nature  of  chemical  affinities  has  been  described. 

Galvanic  Elect^-icity.—Tite  manner  in  which  this  form  of  excita- 
tion occurs  May  be  very  eimply  shown.  If  a  slip  of  perfectly  pure 
zinc  be  partly  immersed  in  a  cup  of  dilute  muriatic  acid, 
this  last  remains  totally  without  action  on  it,  and  there 
is  110  appearance  of  electrical  disturbance  ;  but  if  a  slip 
of  copper  be  introduced,  which  touches  the  zinc  at  0, 
out  of  the  liquid,  active  decomposition  of  the  muriatic 
acid  begins,  the  chlorine  combining  with,  and  dissolving 
the  metallic  zinc,  and  the  hydrogen  making  its  appearance  urtder  the 
form  of  minute  bubbles  on  the  surface  of  the  copper.  At  the  same 
moment  a  remarkable  state  of  electrical  excitation  is  produced,  in 
which  the  zinc  resembles  a  body  to  which  negative  electricity,  in  a 
state  of  exceedingly  low  tension,  is  uninterruptedly  supplied,  while 
an  equal  quantity  of  the  positive  fluid  flows  along  the  copper,  and 
these,  uniting  at  the  point  of  contact,  produce  the  effects  which  are 
spoken  of  as  those  of  the  electric  current,  the  passage  of  which  may 
he  readered  evident  in  a  groat  variety  of  ways. 

The  precise  manner  in  which  the  electrical  excitement  is  here 
produced,  may  be  explained  sufficiently  well  wiihont  involving  any 
consideration  of  the  theory  of  chemical  decomposition,  which  at 
the  present  moment  would  require  a  knowledge  of  principles  that 
have  not  been  as  yet  described.  We  may  suppose,  simply,  that  the 
chemical  relations  of  the  zinc  and  muriatic  acid  are  such,  that  when 
placed  in  contact  they  mutually  induce  on  each  other  a  development 
of  electricity :  that  part  of  the  zinc  which  is  immersed  becoming  -i-, 
and  that  out  of  the  acid  — ,  while  the  molecules  of  the  acid  near  the 
zinc  become— ,  and  the  general  mass  of  the  fluid  obtains  +  excita- 
tion ;  the  +  electricity  oC  the  zinc  being,  however,  balanced  between 
the  fluids  of  its  own  mass  and  of  the  acid,  and  the  —  fluid  of  the 
acid  being  in  equilibiium  between  the  -|-  fluids  of  the  zinc  and  of' 
its  own  particles,  it  results  that  this  condition  of  induced  excitation 
may  remain  for  any  length  of  time  without  increasing  or  diminishing 
in  intensity,  the  apparptus  being  in  the  condition  of  a  very  feebly 
charged  Leyden  jar ;  and  on  applying  the  slip  of  copper  by  which 
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the  excited  surfaces,  the  zinc  and  acid,  are  placed  in 
the  negative  electricity  of  the  zinc  unites  with  ihe  positive  of  the 
copper,  whether  by  direct  transktion  or  by  indnctive  action,  and  the 
positive  electricity  of  the  liquid  unites  with  the  negative  of  the  cop- 
per to  produce  neutralization;  at  the  same  time  tlie  +  of  the  zinc 
and  the  —  of  the  acid  combine.  As,  on  the  theory  of  Franklin,  the 
_j_.^.  single  electric  fluid  is  supposed  to  pass  from  the 
body  which  is  positively  to  the  body  which  is  neg 
atively  excited,  it  is  usual  to  imagine  this  exchange 
of  electricities  to  take  place  by  a  current,  which  in 
'  i  case,  as  shown  by  the  arrows  in  the  figure,  is 
/  from  the  copper  to  the  zinc  at  the  superior  junction, 
but  fi'om  the  zinc  to  the  copper  iu  the  acid  under- 
neath. At  every  moment,  according  as  the  neutral 
ization  of  the  eJectricities  is  effected,  the  system  is 
competent  to  generate  new  quantities,  and  hence  the 
analogy  of  the  we akly-c barged  Leyden  jar,  noticed  above,  does  not 
completely  hold  ;  {or,  to  be  accurate,  it  would  require  the  jar  to  pos- 
sess a  power  of  charging  itself  as  rapidly  as  it  could  be  discharged 
The  passage  of  the  current  is  accompanied  by  the  solution  of  the 
zinc  and  the  liberation  of  the  hydrogen.  This  hydrogen  accompa 
ities  the  positively  electrified  molecules  of  the  acid  across  the  fluid, 
and  is  discharged  under  the  form  of  gas  upon  the  surface  of  the 
copper  plate. 

The  essential  elements  of  an  arrangement  by  which  a  current  of 
electricity  m.iy  be  produced  are,  therefore,  first,  two  bodies,  one 
simple  and  one  compound,  which  act  chemically  upon  one  another 
in  such  a  way  as  that  the  simple  element  shall  be  substituted  for  a 
constituent  of  the  other,  which  shall  be  expelled  ;  and,  second,  a 
conducting  substance,  which  is  indifferent  in  a  chemical  point  of 
view,and  only  furnishes  a  route  forthe  fluids  of  the 
I  actual  elements  to  recombine  continually  with  each 
I  other.  In  the  example  given  just  now,  this  conduct- 
as  a  slip  of  copper ;  but  it  may  be  of  any  form,  or 
)st  any  substance ;  thus,  as  in  the  figure,  a  wire 
may  be  soldered  to  the  end  of  each  s!ip,  and  on  bring- 
ing these  wires  into  contact  at  X,  the  curreat  passes 
precisely  as  if  the  contact  of  Z  with  C  had  been  direct. 
Such  an  arrangement  is  termed  a  simple  circle, 
a  necessary  that  the  conductor  should  be  solid  or  me- 
indeed,  only  for  convenience  that  the  ordinary  conduct- 
ing plates  and  wires  are  metallic.  Thus,  in  the  figure, 
A  Z  W,  a  plate  of  zinc  is  in  contact  on  the  one  side  with 
\  muriatic  acid.  A,  and  on  the  other  with  water,  W,  to 
which  a  better  conducting  power  has  been  given  by  dis- 
solving in  it  a  little  common  salt.  The  current  is  then  es- 
tablished, being  from  the  conductor  to  the  zinc,  and  from 
the  zinc  to  the  acid,  precisely  as  in  the  former  instances. 
The  passage  of  the  current  under  these  various  circumstances 
may  be  shown,  and  also  that,  for  its^ origin  and  transfer,  metallic 


communication  between  the  plates  Z  and  C  i 

a  very  simple  experiment.     If  the  slip  of  zinc  be  bent,  a 


n  B,  and 
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a  bit  of  paper  moistened  with  iodide  of  potasaium  be  laid 
upon  it,  and  the  wire  from  A  be  then  brotight  to  touch  the    , 
upper  surface  of  the  moistened  paper,  the  current  passes  iii  A 
the  direction,  of  the  arrow,  and  iodine  is  evolved  at  the     i-vj 
point  of  contact  of  the  wire.     If  the  surface  of  the  paper  ji^^ 
next  the  zinc  plate,  B,  be  examined,  it  wil]  be  found  to  be  \\  \ 
alkaline,  from  free  potash.     Thus  the  chemical  action  of   : 
the  current,  which  will  hereafter  assume  so  important  a  | 
position,  may  here  be  simply  used  as  a  test  of  its  having;   ;',|. 
passed. 

The  direction  of  the  current  depends  upon  the  nature  of  the  chem- 
ical action  which  is  produced  at  the  period  of  its  passage,  and  on 
this  principle  is  founded  one  of  the  most  cogent  and  reasonable  ar- 
guments in  favour  of  the  idea  that  the  current  is  produced  by  the 
chemical  decomposition,  and  not  by  the  contact  of  the  metals,  as 
has  been  maintained.  Thus,  if  a  slip  of  iron  and  a  plate  of  copper 
be  immersed  in  muriatic  acid,  the  action  is  altogether  on  the  iron, 
and  the  current  passes  from  the  copper  to  the  iron  at  the  point  of 
contact.  Bat  if  the  metals  be  immersed  in  a  strong  solution  of  am- 
monia, which  acts  upon  the  copper,  but  not  upon  tne  iron,  Lhecur- 
rent  is  produced  in  the  reverse  direction.  If  persulphuret  of  iime, 
dissolved  in  water,  be  used  as  the  exciting  fluid  with  iron  and  cop- 
per, the  current  is  from  the  copper  to  the  iron  through  the  iluid} 
but  on  using  zinc  and  copper  with  the  same  fluid,  the  direction  of 
the  current  is  reversed ;  in  the  first  case  the  copper,  and  in  the  last 
the  zinc,  ig  acted  on :  with  acid  solutions  the  copper  would  have  es- 
caped action,  and  the  current  would  be  in  both  cases  from  the  iron 
or  zinc  to  it,  through  the  litiuid. 

It  thus  appears  that  the  relation  between  the  current  and  the 
chemical  action  is  of  the  most  intimate  nature  possible  ;  the  one,  as 
Faraday  and  others  have  decisively  shown,  cannot  exist  in  such  ar- 
rangements without  the  other,  and  the  nature  and  tendencies  of  one 
determine  the  power  and  the  direction  of  the  other  ;  for  the  quantity 
of  electricity  which  is  set  in  motion  in  such  an  arrangement  depends 
strictly  on  the  amonnt  of  chemical  decomposition  which  occurs  in 
the  liquid  element,  and  is  simply  proportional  to  it. 

It  i3  usual  to  arrange  the  various  bodies  in  a  list  with  relationtoa  fluid,  in  which, 
if  they  ha  immersed  and  brought  to  touch  outside,  a  current  is  generated  from  that 
of  tjie  two  metals  whieh  stands  higliest  in  Che  scale  to  that  whieli  is  helow ;  tlie 
current  through  the  fldid  is,  of  course,  in  the  opposite  direction.  The  metals  ar- 
range themselves,  liowever,  very  difl'arentij  witli  diBferent  fluids,  acoording  to  their 
liability  to  chemical  action  from  them,  as  may  be  seen  in  the  following  table  ■ 


""S""' 

^Sl,?,'"^ 

MuriUlt   tsM. 

aj^i.mo[- 

pSTrXr:,.. 

Platinum. 

Platinum. 

Platiaom. 

Platinam. 

Platinum. 

SUver. 

NickeL 

Antimony. 

Silver. 

Iron. 

Copper. 

Silver, 

Silver. 

Nickel 

Nickel. 

Antimony 

Antimony. 

Nickel. 

Copper. 

Bismuth. 

Bismuth. 

Copper. 

Bismuth, 

Iron. 

Antimony. 

Nickel. 

Bismuth. 

Copper. 

Bismuth. 

Lead. 

Iron. 

Iron. 

Imu, 

Lead. 

Sliver. 

Tin, 

Tin. 

Lead. 

Antimony 

Tin. 

Lead. 

Lead. 

Tm. 

Cadmium. 

Cadmium. 

Zinc. 

Cadmium. 

Tin. 

Copper. 

Zinc. 

Cadmium, 

Zinc. 

Zinc. 

Zinc 
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At  the  head  of  each  column  is  placed  the  name  of  the  exciting  fluid ;  on  taking 
any  two  of  the  metals  of  the  list  beneath,  and  malcing  tliem  the  solid  elements  of 
the  circle,  the  current  ia,  at  the  point  of  contact,  from  the  upper  to  the  lower,  and 
is  more  powerful  in  proportion  aa  the  metals  are  farther  separated  from  one  another 
in  the  list;  thus,  with  dilute  nitric  acid  and  with  solution  of  caustic  potash,  the 
most  powerful  current  is,  al^er  platinum,  hy  silver  and  zinc ;  with  muriatic  acid  by 
antimony  and  zinc,  and  with  persulphuret  of  potassium  with  iron  find  zine. 

If  the  metals  tn  contact  with  the  escitlng  liquid  be  such  as  that  one  is  totally 
without  chemical  action  on  it,  it  series  only  as  a  means  of  mechanically  transmit- 
ting the  inductive  force,  and  the  current  is  simply  due  and  is  proportional  to  the 
electricity  evolved  hj  the  action  of  the  acid  on  the  other.  But  if  both  metajs  he 
Boeh  that  either  would  act  upon  the  acid  if  by  itself,  and  thus  produce  excitation, 
m!  when  zinc  and  copper  Eure  placed  in.dilate  nitric  acid,  then  the  molecules  of  acid 
are  eabmitted  to  two  polarizing  fbrcea  in  apposite  directions,  which,  if  equal,  would 
exactly  neutralize ;  but  in  practice  thej  are  not  equal,  and  a  current  is  produced 
proportional  to  their  diflference.  Hence,  the  more  nearly  the  metals  reseinble  each 
other  in  their  chemical  relations  to  a  given  liquid,  the  weaker  is  the  current  they 
produce ;  but,  though  acting  similarly  to  one  liquid,  they  may  be  oppositely  related 
to  another,  with  which,  therefore,  they  become  a  source  of  powerful  excitation. 
Thus  copper  and  zinc,  being  both  acted  on  violently  by  sulpburet  of  potassium, 
generate  but  a  feeble  current,  while  with  dilute  acids,  which  act  very  differently 
on  each,  the  current  is  very  powerful ;  and  thus  platinum,  which  is  inattackable  by 
^most  all  liquids,  forms  the  best  possible  element  in  every  instance. 

TTie  metal  which  is  used  as  the  conducting  medium  conducts  by  having  its  natu- 
ral polarity  inverted ;  and  hence,  in  place  of  a  disposition  to  combine  with  the  oxy- 
gen or  chlorine  of  the  liquid,  it' would,  if  already  combined,  abandon  it;  hence  ttus 
metal  remains  clean  and  bright.  On  thisprinciplewasfoundedthe  mode  of  protect- 
ing the  copper  sheathing  of  ships,  by  attaching  small  portions  of  iron  of  about  -^ 
of  the  surface  ^  the  chlorine  of  the  salt  in  the  sea-water  being  thoa  transferred  to 
the  iron,  and  tlie  copper,  in  place  of  becoming  covered  with  the  green  rust  of 
oxychloride  of  copper,  remaining  completely  bright.  This  process  succeeded  in 
practice  somewhat  too  well ;  for  the  negative  elements  of  the  sea-waler  being 
transferred  lo  the  iron,  the  positive  bases  present,  lime  and  magnesia,  were  depos- 
ited upon  the  copper,  and  thus  afibrding  points  of  adhesion  for  marine  plants  and 
shell-fish,  caused  the  bottoms  of  tlie  vessels  to  become  so  foul  as  materially  Ut  in- 
jure their  sailing  powers.  The  process  at  present  so  extensively  employed,  of  fix- 
ing a  layer  of  zinc  upon  iron  surfaces,  acts  in  protecting  them  from  rust  in  the 

This  transier  of  the  elements  of  the  exciting  liquids  has  become  recently,  in  the 
hands  of  Spencer,  the  basis  of  one  of  the  most  beautiful  and  important  of  the  ap- 
plications of  science  to  the  arts.  If , one  of  the  exciting  liquids  be  a  solution  of  sul- 
phate of  copper,  as  in  Daniell's  battery  (page  136),  the  metallic  copper  which  sep- 
arates is  deposited  upon  the  surface  of  tlie  plate  to  which  the  current  passes  in  tiie 
liquid,  and  there  is  formed  a  layer  of  metal,  which  may  be  obtained,  by  slow  arid 
long-contiiiued  action,  as  dense  ai^d  homogeneous  as  the  best  hammered  copper. 
Any  prominences  or  depressions,  even  a  scratch  of  a  pin,  dmwn  on  the  iilate  on 
which  the  deposite  forms,  are  accuracy  represented  on  its  internal  surface :  and  A 
IS  only  necessary  to  use  as  the  negative  metallic  element  a  medal- in  relievo  or  in- 
taglio, to  reproduce,  with  an  accuracy  equalling  the  powers  of  llie  most  finished 
hand  or  machine,  the  finest  works  of  art.  This  principle  has  been  shown  by  Mr. 
Spencer  to  be  applicable  to  the  copying  of  all  varieties  of  des%ns,  and  may  be  looked 
upon  as  the  most  important  means  of  facilitating  tlie  possession  of  works  of  art, 
and  thus  elevating  public  taste,  that  has  been  made  since  the  discovery  of  the  method 
of  transferring  engravings  to  any  number  of  steel  plates. 

The  electricity  which  is  evolved  by  the  chemical  action  of  such 
simple  circles  is  remarkably  different  in  its  characters  from  that 
form  which  has  been  described  as  its  statical  condition.  Although 
present  in  much  greater  quantity  than  can  be  developed  by  friction 
with  the  most  powerful  machines,  yet,  from  its  stale  of  continued 
recombination,  it  cannot  acquire  intensity ;  it  hence  can  pass  only 
through  good  conductors  ;  pure  water,  which,  from  the  facility  with 
which  it  allows  of  the  passage  of  machine  electricitj',  proves  the 
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^rear  source  of  failure  and  uncertainty  in  our  experiments,  inter- 
cepts almost  completely  the  current  from  a  simple  circle,  and  the 
wires  which  are  used  to  effect  communication  may  be  touched  with 
the  fingers  without  any  tendency  to  lateral  shock  becoming  evl 
dent ;  and  yet  the  disproportion  in  quantity  between  the  fluid,  which 
bursts  through  the  strongest  insulating  bonds  of  our  apparatus,  or 
breaks  from  the  clouds,  devastating  forests,  as  the  lightning,  and 
that  which  passes  silently  across  the  wires  of  the  voltaic  circle,  is 
such  as  almost  to  surpass  belief.  By  actual  experiment,  the  im- 
mersion of  two  wires,  one  of  platina  and  the  other  of  zinc,  each 
0'06  inch  in  thickness,  to  a  depth  of  live  eighths  of  an  inch,  in  di- 
lute sulphuric  acid  for  three  seconds,  gave  as  much  electricity  as 
could  be  generated  by  thirty  tiitns  of  the  most  powerful  machine 
of  the  Koyal  Institution.  Indeed,  Faraday  has  shown  that,  in  the 
current  which  passes  during  the  decomposition  of  a  grain  of  water, 
there  is  contained  more  electricity  than  in  the  brightest  flash  of 
lightning, 

If  the  metallic  elements  of  a  simple  circle  be  connected,  not  di- 
rectly by  metallic  contact  or  by  a  wire,  but  by  means  of  one  oi  more 
other  similar  simple  circles,  interposed  in  the  course  of  the  current  of 
its  electricity,  it  is  not  at  all  interfered  with,  but  the  quantity  of  elec- 
tricity which  circulates  is  precisely  equal  to  what  is  generated  by 
the  chemical  action  which  takes  place  in  each  cell.  For,  consider- 
ing the  circle  of  four  cells,  represented  in  the  figure,  consisting  of 


copper  and  /inc  plates,  acted  upon  by  muriatic  acid,  the  copper  of 
eacli  cell  discharges  its  positive  electricity  upon  the  negative  fluid 
of  the  zinc  in  the  adjoining  cell,  and  hence  there  is  neutralization 
of  effect  at  the  points  a,  b,  and  c,  and  it  is  only  the  amount  of  elec- 
tricity liberated  upon  the  copper  and  zinc  plates  in  the  terminal 
cells  that  passes  along  the  wires,  and,  recombining  at  d,  produces 
ihe  phenomenon  of  the  current ;  but  this  is  the  same  quantity  as 
should  be  evolved  by  any  one  of  these  simple  cells  by  itself,  and 
hence  the  remarkable  result,  which  has  been  fully  demonstrated  by 
experiment,  that  no  matter  how  we  may  increase  the  number  of  the 
elements  of  a  galvanic  circle,  the  quantity  of  electricity  passing  in 
the  current  is  equal  only  to  that  evolved  by  a  single  ceil.  If  the 
chemical  action  be  net  of  the  same  energy  in  all  the  cells,  there 
passes  little  more  electricity  than  what  is  generated  where  the  de- 
composition is  least  active  ;  for,  as  the  excess  would  have  to  pen- 
etrate through  the  liquid  conductor  in  all  the  cells,  the  obstacle  af- 
forded to  its  progress  is  so  great  that  it  is  almost  totally  absorbed. 
Although  the  increase  in  number  of  the  elements  of  the  galvanic 
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circuit  is  int  Sicient  towards  augmenting  the  quantity  of  eieclricity 
which  passes,  yet  it  changes  the  character  of  the  current  in  a  very 
remarkable  degree,  and  confers  upon  the  fluid  an  intensity  which, 
in  a  simple  circle  no  .matter  of  what  magnitude,  it  never  can  possess. 
It  has  been  seen,  that  by  the  state  of  mutual  excitation  into  which  the 
zinc  and  acid  are  thrown  before  the  circuit  is  completed,  the  inten- 
-,  sity  of  the  evolved  fluids  is  limited  to  that  whiiih  wiJ! 
suffice  to  enable  the  excited  particles  of  acid  to  dis- 
■ge  themselves  upon  the  oppositely  excited  particles 
of  zinc;  for  if  this  discharge  occurred,  all  should  be 
brought  back  to  the  neutral  condition.  Now,  if  there  be 
interposed  a  second  cell,  containing  an  equal  quantity  of 
e  liquid  as  the  first,  its  particles  must  be  brought  into  an 
equally  excited  state  before  discharge  can  occur;  and  as  the  elec- 
tricity has  then  to  pass  through  a  bad  conductor  of  double  the 
length,  it  will  require  much  greater  intensity  to  penetrate  it.  The 
process,  in  virtue  of  which,  therefore,  the  electric  equilibrium  is  in 
the  first  instance  disturbed,  continues,  even  before  contact  is  made, 
until  the  intensity  accumulated  is  sufficient  to  propel  the  current 
across  the  interposed  retarding  liquid,  and  is  hence  proportional 
to  the  number  of  cells,  or,  as  it  is  usually  stated,  to  the  number  of 
pairs  of  plates.  The  peculiar  character  of  intensity  may  be  suppo- 
sed to  arise,  also,  from  the  electricity  generated  by  the  outside 
plates  obtaining  additional  velocity,  in  passing  across  the  intermedi- 
ate cells,  in  each  of  which  it  meets  an  equal  quantity  of  fluid  moving 
in  the  same  direction,  and  whose  motion  it  absorbs,  restoring  them 
to  rest,  and  being  thereby  hurried  itself  onward  in  proportion. 

The  intensity  of  the  electricity  which  is  thus  excited  is  very  alight,  even  where 
the  namher  of  combinations  is  considerable ;  tbua,  it  requires  a  series  of  at  least 
200  pairs  of  plats;,  four  inches  ^uare,  immersed  in  dilute  sulphuric  acid,  to  cause  a 
sensiijle  divergence  of  the  gold  leaves  of  the  most  delicate  eleeiroscope.  It  is  onlj 
where  the  arrangement  invofTes  some  tliousands  of  cuuples  that  electricity  is 
evolvedof  sufficient  tension  to  produce  a  spark  across  a  nUD-cuuductor,  such  as  that 
given  by  the  eleotvioai  machine,  or  to  cause  any  of  those  attractive  and  repulsive 
motions  hy  which  Uie  feeblest  form  of  statieal.  electricity  is  recognised  ;  to  obtain 
these  effects  also,  the  circuit  must  be  broken,  for  even  with  the  most  powerful  com- 
binations the  eunent  of  electricity  is  without  any  action  of  intensity.  Where,  liow- 
erer,  by  means  of  a  sufficient  number  of  elements,  intensity  has  been  given,  the 
quantity  of  electricity  whicb  accnmnlates,  and  tlie  ijovitity  of  chemical  action  from 
which  it  has  itserigin,  are  exceedingly  minute.  This  is  exemplified  in  the  dry  piles 
of  Zamboni,  theform  in  which  electricity  may  be  considered  as  connecting  its  purely 
dynamical  and  property  statical  conditions.  The  pile  of  Zamboni  contains  no  ap- 
fKirent  liquid  element;  it  consists  of  disks  of  gill  paper,  and  of  exceedingly  thin  zinc 
fnil.laidahematelyoveroneanuther,  to  thenumberof  from  live  to  twenty  thousand, 
care  being  taken  to  turn  all  tl\e  gilt  surl'aoes 
the  same  way.  These  are  enclosed  in  a  glass 
tube,  and  terminated  at  each  end  by  a  brasa 
cap  with  a  pressure  screw.  Tlie  paper  con- 
taining in  its  pores,  when  not  artificially  dried, 
a  small  quantity  of  water,  this  gradually  acts 
upon  the  zinc,  and  electricity  is  evolved,  which 
from  tlie  great  obstacle  presented  to  its  reoom 
hination  through  the  disks  intei*nally,  and  by 
the  atmospheric  air  outside,  attains  a  degree 
of  intensity  so  high  that  it  acts  decidedly  upon 
"  ■■  electroscope,  as  shown  in  the  figiire.  and 
niusingly  applied  to  produce  various  at- 
lii  0  and  repulsive  motions,  such  as  ringing 
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lielb,  &c.. ;  fur  there  being  a  continual  source  of  electricity  in  the  action  of  tl 
moisture  of  the  paper  on.  the  zinc,  these  phenomena  niay  con  ' 
years  without  dimiiiutloo. 

Such  a  dry  pile,  when  insulated,  shows  opposite  electrical  e  _ 

extremities,  these  heing,  however,  of  equal  force,  and  hence  producing  neutr^it; 
when  comhiued.  If,  therefore,  the  two  ends  of  a  dry  pile  be  connected  by  a  wire, 
the  eleetrioitiea  which  had  accumulated  recombine,  and  the  pile  beooraes  inert,  and 
requires  a  certain  time,  before  it  can  recover  a  charge  equal  to  that  which  it  had 
loEt.  When  the  pile  is  examined  at  a  distance  from  its  ends,  the  excitation  is  found 
to  be  less  powerful,  until  at  the  centre  it  is  exactly  neutral.  This  adses  trom  tlie 
action  at  each  point  being  tiie  resultant  of  the  opposing  actions  of  the  two  extrem- 
ities, and  vanishing  at  the  centre  where  these  last  are  equal,  precisely  as  there  ex- 
ists a  neuti^  place  upon  the  surface  of  any  body  induetiTely  excited  by  ordinary 
electricity.  If  tlie  piie  be  held  in  the  hand  by  one  extremity,  the  electricity  of  tlmt 
end  is  dissipated,  and  the  other  end  becomes  capable  of  acttug  more  powerfully 
upon  the  electroscope,  from  the  opposing  iafluence  being  removed. 

No  principle  has  erer  been  discovered  in  science  more  rich  in  consequences  than 
this  of  the  increase  of  tension  given  to  electricity  in  motion  by  the  connexion  of  a 
number  of  simple  galvanic  circles.  Hence,  deservedly,  the  instrument  so  formed 
baa  obtained  the  name  of  the  Voltaic  pile.  It  Iwis  enriched  chemistry  with  a  crowd 
of  impoTtant  substances  discovered  by  its  means,  and  has  led,  by  its  results,  to  the 
suggestion  of  the  most  plausible  theory  of  chemical  combination  that  has  been  as  yet 
proposed.  In  physical  scienre  it  became  the  origin  of  all  subsequent  improvement 
in  the  domain  of  electricity,  for  without  its  agency  it  is  hard  to  see  how  the  steps 
which  followed  could  have  been  made. 

The  forrtt  in  which,  the  Voltaic  piie  was  first  constructed  was  sim- 
ilar to  that  of  the  dry  pile  aoticed  above.  The  disks  were  of  zinc 
and  silver  or  copper.  The  fluid  conductor,  which  was  rendered 
more  capabie  of  acting  on  the  zinc  by  the  addition  to  it  of  some 
acid  or  of  common  salt,  was  imbibed  in  disks  of  common  cloth, 
which  were  interposed  between  every  pair  of  metallic  disks.  There 
were  thus,  copper-zinc,  acid,  copper-zinc,  acid,  copper-zinc,  and  so 
on  to  an  indefinite  extent.  It  is  a  peculiarity  of  this  instrument, 
which,  as  it  extends  to  many  forms  of  it  even  now  in  use,  and  affects 
our  chemical  nomenclature  remarkably,  it  is  necessary  to  notice, 
that  the  current  in  the  connectino;  wires  appears  to  be  in  a.  direction 
opposite  to  that  described  in  the  battery  of  cells  of  page  131 ;  for 
the  outer  copper  plate  at  the  one  end,  and  the  outer  zinc  plate  at 
the  other,  having  no  communication  with  the  exciting  acid,  trans- 
mit the  current  merely  as  portions  of  the  attached  wires,  and  hence 
the  direction  of  the  current  is  in  appearance  from  the  zinc  to  the 
copper  end,  while  it  is  properly  the  copper  from  which  the  positive 
fluid  emanates,  and  it  is  the  negative  which  arises  from  the  zinc. 
This  diversity  had  its  origin  in  the  circumstance  that  the  theory  of 
the  pile  maintained  by  Volta,  and  even  at  the  present  moment  sup- 
ported by  some  illustrious  men,  ascribed  the  origin  of  the  electri- 
city not  to  the  action  of  the  acid  upon  the  zinc,  but  to  the  contact 
of  the  zinc  with  the  copper  ;  the  point  where  the  metals  touched 
being  supposed  to  be  a  continual  source  of  positive  electricity  to 
the  copper.  It  was  even  attempted  to  prove  this  by  soldering  to- 
gether plates  of  zinc  and  copper,  and  testing  their  electrical  condi- 
tion by  the  gold-leaf  condenser,  which  was  supposed  to  indicate  a 
permanent  state  of  excitation,  independent  of  all  fluid  or  chemically 
acting  media.  It  has  been  fully  proved,  however,  that,  according 
as  such  contact  .experiments  are  made  with  increased  care,  the  re- 
sults become  less  evident  in  favour  of  that  theory.  Such  trials  tend 
to  show  the  evolution  of  minute  traces  of  statical  electricity,  where- 
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as  the  simple  galvanic  circle  is  characteriztid  by  the  great  quantity 
of  electricity  it  may  yield,  and  by  its  total  want  of  statical  intensity. 
Even,  therefore,  if  it  were  proved,  which  it  is  not,  that  the  mere 
contact  of  bodies  evolved  electricity  affecting  the  gold-leaf  electro- 
scope, it  wouJd  be  as  far  from  accounting  for  the  tntally  different 
kind  of  electrical  excitement  by  which  the  galvanic  battery  is  cre- 
ated, as  it  wouid  be  from  giving  a  true  or  satisfactory  theory  of  the 
cause  of  magnetism. 

But  the  pretended  excitation  by  contact,  or  the  electromotor  force, 
as  it  was  termed  by  Volta,  must  be  carefully  distinguished  from  the 
Capability  of  inductive  excitement,  which  bodies  capable  of  chemi- 
cal action,  as  a  slip  of  zinc  and  muriatic  acid,  mutually  confer  upon 
each  other. 

This  last  arises  from  the  possible  substitution  of  the  zinc  for  the 
hydrogen  of  the  acid,  which  does  occur  as  soon  as  the  interchange 
of  the  electricities  allows  of  tlie  transfer  of  elements ;  for  on  the 
first  immersion  of  the  zinc,  the  equilibrium  of  the  chlorine  aad  hy- 
drogen, which  had  previously  been  totally  engaged  with  each  other, 
is  interrupted,  and  that  of  the  particles  of  the  zinc,  which  had  be- 
fore been  all  circumstanced  alike,  is  disturbed  by  some  of  them  be- 
ing nearer  the  acting  muriatic  acid  than  the  others,  and  thus  the  in- 
duced condition  of  both  arises.  On  this  positive  and  necessary 
principle,  the  theory  of  the  simple  and  compound  circles  already 
described  has  been  given ;  and  although  it  will  require  to  be  again 
noticed  in  describing  the  phenomena  of  decomposition  which  ac- 
company the  passage  of  the  current,  yet,  for  the  only  purpose  which 
we  here  require,  of  studying  the  manner  in  which  the  current  of 
electricity  of  the  battery  has  its  rise,  the  peculiar  and  important  in- 
fluence exercised  by  the  chemical  reaction  among  the  elements  of 
which  it  consists  has  been  sufficiently  described. 

It  is  now  necessary  to  notice  more  in  detail  the  construction  of 
some  of  the  more  usual  forms  of 
the  Voltaic  or  Galvanic  battery. 
The  first  improvement  on  the  pile 
of  Volta  consisted  in  placing  it 
horizontally  in  awooden  trough, 

-__-__. __^_^ — -  -  ''    and  replacing  by  cells  containing 

id  the  moistened  disks  of  cloth  employed  by  the  original 


mz 


dilute  ac 
inventor, 


It  being  diffici 


3  cleanse  the  surfaces  of  the  plates, 
which  in  that  form  were  per- 
manently cemented  into  the 
trough,  this  was  made  of  delft- 
ware  divided  into  cells,  and  the 
plates,  being  soldered  together 
by  projecting  bands  at  the  top, 
were  hung  upon  a  rod,  as  in  the 
figure,  so  that,  when  wanted, 
they  may  be  immersed  with 
great  rapidity,  and  withdrawn 
as  easily  from  the  liquid  when 
the  battery  is  not  wanted.  The 
power  of  such  troughs  is  in- 
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creased  by  one  half  when  the  copper  slip  is  doubled  over  so  as  to 
oppose  both  surfaces  of  the  zinc.  Batteries  intended  rather  for  in^ 
tensity  than  for  quantity,  and  which  consequently  consist  of  a  great 
number  of  plates  of  moderate  dimensions,  are  generally  employed 
on  this  last  construction :  each  delftware  trough  holding'  ten  pairs  of 
plates,  and  any  number  of  troughs  that  may  be  required  being  rap- 
idly and  easily  arranged  together.  "When  a  current  of  electricity 
of  great  quantity,  but  not  of  intensity,  is  required,  it  is  usual  to  em- 
ploy a  few,  or  even  only  one  pair  of  plates  of  considerable  size.  Thus, 
a  sheet  of  copper  and  a  sheet  of  zinc,  each  of  from  80  to  120  square 
feet  of  surface,  being  kept  separated  by  ropes  of  horsehair,  have 
been  rolled  up  together  and  immersed  into  a  large  tub  of  acid,  form- 
ing thus  a  simple  circle,  giving  a  current  so  feeble  in  intensity  as  to 
pass  with  difficulty  through  a  short  column  of  distilled  water,  and  to 
be  quite  insensible  to  the  feeling,  but  which  fused  down  into  globules 
the  most  refractory  metals,  and  gave  with  charcoal  points  a  light  of 
brUliancy  insupportable  to  the  eye.  The  copper  plate  may  be  very 
conveniently  made  to  aet  as  the  cell  containing  the  acid:  cylindrica. 
batteries  of  moderate  size  are  very  frequently  so  constructed. 

I  have  supposed,  in  the  description  of  the  nature  of  simple  and 
compound  Voltaic  circles,  that  the  zinc  employed  was  completely 
pure,  in  which  state,  when  first  immersed  in  the  acid,  there  is  no  chem- 
ical action,  but  only  the  preparatory  inductive  state  produced,  the 
decomposition  of  the  acid  by  the  zinc  commencing  only  when  the 
circuit  is  completed.  But  such  pure  zinc  is  too  expensive  for  ordinary 
use,  and  the  commercial  zinc  contains  ahvays  traces  of  impurities, 
particularly  iron,  from  which  it  acquires  a  power  of  generating  a 
multitude  of  little  secondary  currents  across  the  fluid,  and  thus  pre- 
venting to  a  great  extent  the  formation  of  the  proper  current.  For 
suppose  that  there  is  on  the  centre  of  a  plate  of  zinc  a  little  piece  of 
iron  or  of  copper,  this  serves  to  return  to  the  zinc  from  the  acid  thef 
positive  electricity,  which  had  passed  away  from  it  precisely  as  if 
It  had  been  a  copper  wire,  which  touched  the  acid  with  the  one  end,; 
and  the  zinc  plate  with  the  other.  Such  a  plate  is  therefore  occu- 
pied almost  solely  with  its  own  self-contained  currents,  and  scarcely . 
assists  in  generating  the  electricity  which  is  brought  into  play  in  the  ' 
battery  at  large.  To  this  cause  must  be  assigned  the  property  which 
ordinary  zinc  possesses  of  dissolving  readily  in  an  acid,  and  of  evolv- 
ing hydrogen  upon  its  own  surface.  It  evolves  the  hydrogen  upon 
those  points  of  its  surface  on  which  foreign  metals  being  deposited, 
serve  to  complete  its  circuits.  This  injurious  property  of  ordinary 
zinc  is  remedied  by  coating  the  surface  of  the  plate  with  mercury, 
or,  as  it  is  termed,  amalgamating  it.  By  this  means  the  whole  sur- 
face of  the  metal  is  brought  into  the  same  state,  and  must  hence  act 
in  the  same  manner  on  the  acid.  Any  secondary  current  which 
might  arise  could  therefore  find  no  means  of  discharge,  and  such 
zinc  is  wot  acted  on  until  the  circuit  is  completed,  and  then  all  hy- 
drogen is  carried  by  the  excited  molecules  of  acid  to  the  copper 
plate,  and  there  evolved  as  gas. 

To  amalgamate  the  zitic  plates  of  a  battery,  a  quantity  of  mercury 
is  to  be  laid  in  a  flat  dish,  sufficient  to  cover  the  bottom  ;  moderately 
dilute  nitric  acid,  to  which  a  small  quantity  of  nitrate  of  mercury 
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has  been  added,  is  to  be  then  poured  on  the  mercury,  so  deep  that 
the  zinc  plate,  when  Boating  on  the  mercury,  shaJl  be  covered  by 
the  acid.  Before  immersing  the  zinc  plate,  it  should  be,  if  not  new, 
cleaned  as  well  as  possible  with  sand-paper  from  adhering  dirt,  and 
then  it  combines  with  the  mercury  very  rapidly,  so  as  to  form  a  sur- 
face which,  by  rubbing  with  a  little  flannel,  may  be  rendered  com- 
pletely uniform.  The  zinc  should  not  be  too  highly  mercurialized, 
for  then  it  becomes  extremely  brittle,  and  requires  considerable  care 
in  using  it.  The  power  of  a  battery  may  often  bo  quadrupled  by 
this  method.  A  source  of  great  inconvenience  in  the  ordinary  bat- 
teries arises  from  the  hydrogen  acting  on  the  oxide  of  zinc  which 
is  dissolved,  and  reducing  it  to  the  metallic  state,  when  it  is  carried, 
with  the  remaining  hydrogen,  to  the  copper  plate,  and  deposited  upon 
it.  In  this  way  there  is  gradually  formed  a  second  zinc  surface 
opposite  to  the  proper  zinc  plate,  and  which,  tending  to  transmit  a 
current  in  the  reversed  direction,  neutralizes  a  certain  proportion  of 
the  power  of  the  circle,  and  may  even  destroy  it  altogether.  Henco 
an  ordinary  battery  is  most  active  when  first  brought  into  play,  and 
diminishes  very  rapidly  in  power  until,  after  the  lapse  of  some  hours, 
even  though  the  acid  be  not  saturated,  its  action  ceases. 

This  disadvantage  has  been  beautifully  removed  by  the  principle 
of  absorbing  the  hydrogen  by  moans  of  a  solution  of  sulphate  of 
copper,  which  it  decomposes,  and  precipitates  upon  the  surface  of 
the  copper  plate  a  layer  of  clean,  new,  metallic  copper,  in  the  best 
possible  condition  for  supporting  the  action  of  the  battery.  The 
simplest  arrangement  of  this  kind  is  that  of  Mullins ;  the  mechani- 
cal construction  is  most  perfect  in  Daniell's  constant  battery.  Mul- 
=  iins'  battery  consists  of  a  delftware  trough,  D,  in 
j%c^ which  the  cylindrical  zinc  plate  B,  of  nearly  the 
^  M^  same  diameter,  is  placed,  and  inside  of  which,  again, 
SL        In  is  the  copper  cylinder  A,  which  is  close,  and  acts 

BS       I    D    only  by  its  e-'cterna)  surface  ;  round  the  upper  edge 
SSX   1  of  the  copper  cylinder  C  is  tied  a  bJ adder,  into  which 

B         I  fluid  may  be  introduced  by  means  of  a  row  of  ap- 

B____  J II II       ei'tures  in  the  rim  to  which  the  bladder  is  attached, 
A  solution  of  sulphate  of  copper  is  poured  into  the 
bladder,  and  its  state  of  concentration  is  kept  up  by 
heaping  some  coarsely-pounded  crystals  on  the  lop  of  the  copper 
cylmdert     Into  the  trough  in  contact  with  the 
zmc  IS  then  poured  dilute  sulphuric  acid.     When 
the  action  commences,  the  hydrogen  is  transfer- 
red through  the  membrane,  and,  meeting  there 
I  the  solution  of  sulphate  of  copper,  is  absorbed 
a  the  production  of  metallic  copper.     The  cop- 
j  per  cyhnder  never  wears  nor  dirties.     The  metal 
i  all  recovered  from  the  sulphate  of  copper, 
nd  the  only  thing  necessary  is  that  the  plates 
of  zinc  shall  be  renewed  from  time  to  time. 
Darnell's  battery  has  the  advantage  that  the  cop- 
is  outside,  and  heSce  ^  capable,  with  cx- 
ure  of  t^e  same  surface  of  zinc,  of  producing 
a  much  more  powerful  current.     The  cell  con- 
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siata  of  a  copper  cylinder,  o,  c,  near  the  top  of  which  is  attached 
a  perforated  plate,  P,  on  which,  when  the  cell  has  been  filled  with, 
the  solution,  of  sulphate  of  copper,  a  quantity  of  crystals  are  laid, 
to  be  dissolved  according  as  they  are  required.  A  solid  zinc  rod, 
m,  supported  at  tlie  top  of  the  copper  cylinder  by  a  wooden  cross- 
piece,  is  contained  in  a  membranous  bag,  formed  of  the  gullet  of  an 
ox,  g,  k,  and  into  this  ia  poured  the  dilute  acid,  which  consists  of 
one  part  of  oil  of  vitriol  and  eight  parts  of  water.  Any  number  of 
these  cells  may  be  arranged  together  so  as  to  give  a  battery,  which, 
if  all  the  coppers  be  connected  upon  the  one  hand,  and  all  the  zinc 
rods  upon  the  other,  will  evolve  large  quantities  of  electricity  of 
low  tension ;  but  when  the  copper  and  zinc  elements  are  alternately 
connected  with  each  other,  the  tension  of  the  electricity  evolved  is 
much  increased,  though  at  the  expense  of  the  quantity  generated, 

The  great  advantage  of  suoh  batteries  is  the  perfect  uniformity 
of  their  action,  by  wbich  they  deserve  fully  the  name  applied  by 
Daniel!  to  his  construction,  of  the  constant  battery ;  with  such  an 
instrument,  the  conditions  of  the  current  may  remain  for  days  per-) 
fectjy  unaltered;  and  thus  the  laws  of  action  of  the  current  have 
been  determined,  particularly  in  its  chemical  relations,  with  com-l 
plete  success,  and  views  of  the  analogies  between  affinity  and  elec- 
tricity, equally  novel  and  important,  which  will  be  discussed  in  an- 
other place,  have  been  arrived  at  by  its  means. 

Latterly,  the  membranous  bags,  originally  used  by  Daniell  and 
others  as  the  diaphragm  between  the  acid  solution  and  that  of  the 
sulphate  of  copper,  have  been  with  great  advantage  replaced  by 
porous  cells  of  biscuit-ware,  such  as  is  represented  in  the  figure  by 

Some  forma  of  battery  have  recently  been  proposed,  in  which, 
under  a  small  compass,  very  great  power  is  obtained,  by,  1st,  bring- 
ing the  plates  very  near  each  other;  2d,  selecting  solid  elements, 
which  differ  as  much  as  possible  in  their  chemical  relations;  and, 
3d,  using  as  the  exciting  fluids  those  of  the  most  intense  action, 
and  of  the  highest  conducting  power.  In  this  way,  the  most  pow- 
erful Voltaic  combination  that  has  been  yet  made  is  that  of  Mr. 
Groves.  Plates  of  zinc  and  platina  are  separated  by  diaphragms  of 
porous  earthenware,  the  nine  being  acted  upon  by  dilute  sulphuric 
acid  mixed  with  some  nitric  acid,  and  the  platina  being  in  contact 
with  tolerably  strong  nitric  acid.  The  hydrogen  evolved  by  the 
zinc  is  completely  absorbed  by  the  nitric  acid  on  which  it  acts, 
forming  nitrous  acid  which  remains  dissolved  ;  and  the  metals,  being 
those  most  opposite  in  their  electrical  relations,  give  the  most  pow- 
erful current  possible. 

The  conducting  powers  of  various  bodies  for  this  form  of  electri- 
city has  been  determined  with  great  care  by  Pouillet,  whose  results 
are,  that  the  relative  conducting  powers  of  the  various  metals  are 
expressed  by  the  following  numbers  : 

Brass  from 

Silver ai53  to 

Gold 3975  Cast  steel  from 

Copper 

Platina 

BisEaath 
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He  ascertained,  also,  the  relative  conducting  powers  of  the  saline 
fiolntions  usnaliy  contained  in  the  cells  of  the  Galvanic  buttery; 
and  it  appears  that  the  conducting  power  of  platina  is  two  million 
and  a  half  times  that  of  a  saturated  solution  of  sulphate  of  copper, 
and  hence  that  of  copper  is  sixteen  million  times  as  great.  The 
conducting  power  of  the  saturated  solution  of  the  sulphate  of  cop- 
per being  taken  as  10-000,  he  found  that  of 

a  saturated  solution  of  sulphate  of  zinc  to  be  .    4-170 

distilled  water 0-025 

distilled  water  with  2  oJa^  of  nitric  acid  ,  .  0-150 
The  great  retardation  which  occurs  when  the  current  has  to  pas» 
through  any  considerable  length  of  liquid,  will  now  be  easily  under- 
stood. Pure  water  may  be  considered,  with  feeble  circles,  as  aa 
absolute  non-conductor  ;  and  even  with  the  most  powerful  combi- 
nations that  have  been  yet  made,  the  current  is  unable  to  force  its 
way  through  the  smallest  measurable  interval  of  air.  It  was  not 
long  ago  believed  that,  even  with  simple  circles,  a  spark  indicating 
the  passage  of  a  current  was  seen  on  making  contact,  and  hence 
that  the  electricity  had  passed  before  the  metals  had  touched,  and, 
consequently,  that  the  chemical  action  should  be  alone  considered 
as  the  source  of  the  electricity.  It  ia,  however,  now  acknowledged, 
that  no  spark  can  pass  until  the  wires  have  touched  and  are  again 
separated,  and  the  passage  of  the  electricity  is  then  accomplished, 
not  by  the  action  of  the  excited  molecules  of  air,  as  occurs  with  the 
machine,  but  by  the  violent  inductive  polarization,  of  the  particles  of 
the  terminal  conductors,  which  are  torn  off  and  pass  from  one  pole 
to  the  other. 

When  the  current  of  electricity  is  retarded  by  means  of  an  in- 
sufficient conducting  medium,  the  centre  of  the  conductor  becomes 
hot,  and  thus  the  most  brilliant  effects  of  heat  and  light  may  be  pro- 
duced ;  even  the  most  refractory  metals,  as  gold  and  platina,  being, 
when  in  thin  foil  or  wire,  dissipated  actually  in  smoke.  By  termi- 
nal points  of  well-burned  charcoal,  this  phenomenon  is  beautifully 
produced,  the  ignition  being  totally  independent  of  combustion,  for 
it  takes  place  in  vacuo  or  in  carbonic  acid  gas  ;  and  when  the  points 
are  separated  from  one  another  to  a  certain  distance,  the  interval 
becomes  occupied  by  a  splendid  arch  of  light,  formed  by  the  induc- 
tively excited  particles  of  charcoal,  which,  in  a  state  of  intense  ig- 
nition, abandon  the  positive  to  attach  themselves  to  the  negative 
extremity  of  the  conductor. 

The  action  of  galvanic  electricity  upon  the  animal  frame  does  not 
properly  fall  within  the  scope  of  the  present  work,  but  in  termina- 
ting the  subject,  the  mode  in  which  the 
first  view  of  this  important  science  was 
obtained  may  with  propriety  he  noticed. 
■  Galvani  was  professor  of  anatomy  at  Bo- 
logna, and,  while  preparing  frogs  for 
some  physiological  experiments,  he  hap- 
pened to  touch,  by  one  extremity  of  a 
metallic  wire,  the  lumbar  nerves  which 
still  remained  attached  to  the  spine,  while 
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the  other  extremity  of  the  wire  was  in  contact  with  the  muscles  of 
the  leg ;  these  last  were  instantly  thrown  into  strong  convulsions. 
To  perform  this  experiment  with  success,  the  legs  of  the  frog  are 
to  be  left  attached  to  the  spine  by  the  crural  nerves  alone,  and  then 
a  copper  wire  and  a  zinc  wire  being  either  twisted  oi-  soldered  to- 
gether at  one  end,  the  nerves  are  to  be  touched  with  one  wire, 
while  the  other  is  to  be  applied  to  the  muscles  of  the  leg. 

Galvani  erred  in  the  explanation  of  this  remarkable  effect ;  he  look- 
ed upon  the  body  as  being  in  the  state  of  a  charged  Leyden  jar,  of 
which  the  nerves  and  muscies  were  the  external  and  internal  coat- 
ings, and  that,  on  connecting  these  by  the  conducting  wire,  the  elec- 
tricities recombined,  and  the  passage  renewed  for  the  instant  the 
phenomena  of  life.  Volta  pointed  out,  however,  that,  in  order  to 
produce  full  effect,  the  presence  of  two  metals  in  the  conductor  was 
required,  and  he  ascribed  the  origin  of  the  electricity  not  to  the 
body,  but  to  the  contact  of  the  two  metals,  and  supposed  the  con- 
vulsive motions  to  be  merely  the  indication  of  the  passage  of  the 
current  across  the  body  of  tlie  frog.  This  view  has  also  been  since 
modified  by  ascribing  the  electricity  to  minute  traces  of  chemical 
action  on  the  wires ;  but  it  was  so  fruitful  in  results,  of  which  the 
.construction  of  the  Voltaic  pile  is  the  most  remarkable,  that  Volta 
is,  with  justice,  looked  upon  as  the  true  originator  of  this  branch  of 
electricity  as  a  science,  although  it  was  Galvani  who  observed  the 
first  fact  belonging  to  it. 

The  frog  so  prepared  is  a  most  delicate  test  of  the  passage  of  a 
Galvanic  current ;  it  is  truly  a  galvanoscope,  corresponding  to  the 
gold-leaf  electroscope  for  ordinary  electricity ;  but  it  does  not  meas- 
ure the  quantity  or  intensity  of  the  electricity  which  passes.  As 
J  1  m  the  intensity  of  Galvanic  electri- 

y     b        1  y        y  be  exactly  determined,  two  of  its 

p  m  J   b       ppl    d      1      first  consists  in  determining  the 

q  ^     %  h  1      b  tance,  as  water,  which  the  current 

d       mp  ,  for  the  quantity  decomposed  is 

p    p  1        h    q  y         1  etricity  which  passes  j  the  second 

b  I     d  g         o  which  the  current  is  able  to  de- 

fl  h  g  dl     f    m    ts  natural  position  of  north  and 

1    f       h        gl         d  fl  is  connected  with  the  quantity  of 

1  J         1  ''y  y  simple  law ;  we  are  not  yet  in  a 

p  d  d  f  lly    1      theory  either  of  the  chemical  or 

h     m  g  g  1  d  hence  I  i  e  ely     nd  cate    lor  tl  e 

P  h  d    h       names. 

Th  I  y  —If  h        b      pplied  to  a  w    e   u    for  n       tex 

d   h    k  h  g,  there  is  no  d    t  rban  e 

1    q    1  b  b       f  bstacle  to  tl  e  t  a  i 

h  h  1  1        he  wire,  e  ist  a  c 

rent  will  be  established,  of  which  the  direction  will  be 
from  the  point  of  the  circuit  to  which  the  heat  is^appl 
towards  the  point  where  the  retarding  cause  exists, 
in  place  of  merely  causing  an  artificial  obstacle  oi 
uniform  wire,  two  metals,  a  b,  be  selected,  which  differ  i( 
in  conducting  power,  and  the  point  at  which  they  touch 
one  another,  c,  be  kept  at  a  diiferent  temperature  from    ■ 
the  rest,  a  current  is  also  produced  from  the  latter  point  towards 
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the  metal  which  is  the  worst  conductor.  The  more  unlike  the  met- 
als are  in  molecular  couatilution,  and  the  greater  the  difference  be- 
tween their  conducting  powers,  the  more  energetic  is  the  current. 
The  best  combinations  are  therefore  of  a  crystalline  and  a  non- 
crystalline metal,  or  of  two  metals  which  crystallize  in  different  sys- 
tems. Bismuth  and  antimony,  which  are  the  worst  conductors  of 
the  metals,  are  also  among  the  most  crystalline  ;  and  while  bismuth 
crystallizes  in  cubes,  the  form  of  antimony  is  a  rhombohedron ;  these 
metals,  therefore,  combine  all  the  essential  qualities  for  generating 
a  current  when  unequally  heated,  and  they  are,  consequently,  the 
most  powerful  sources  of  thermo-electricity  that  have  been  found. 
The  results  obtained  with  other  metals  will  be  understood  by  wri-  . 
ting  them  down  in  the  following  order,  any  two  of  them  being 
capable  of  forming  a  current  when  their  junctions  are  unequally 
heated,  the  current  being  from  the  metal  highest  to  that  which  is 
lowest  in  the  list,  and  the  power  of  the  current  being  greater  in 
proportion  to  the  distance  between  the  metals  in  the  following  or- 
der :  bismuth,  platinum,  lead,  tin,  copper  or  silver,  zinc,  iron,  anti- 
mony. The  molecular  texture  would  appear  from  this  list  to  have 
more  influence  on  the  production  of  the  current  than  the  mere  dif- 
ference of  conducting  power. 

The  intensity  of  the  thermo-electric  current  so  excited  is  exceed- 
ingly small;  it  is  only  capable  of  passing  through  very  good  con- 
ductors, and  it  requites  the  combination  of  a  number  of  exciting 
couples  to  give  sufficient  tension  to  enable  it  to  produce  a  sparlt,  or 
to  show  any  signs  of  chemical  influence.  It  then,  however,  agrees 
in  all  respects  with  the  electricity  of  the  Galvanic  battery  when  in 
an  excessively  feeble  state  of  tension,  and  it  resembles  remarkably 
the  hydro -electric  current,  in  being  able  to  reproduce  at  a  distance 
the  circumstances  in  which  it  originates  ;  for  precisely  as  a  current 
passes  through  a  combination  of  antimony  and  bismuth  when  its 
junctions  are  at  unequal  temperatuves,  so,  when  a  similar  current 
from  any  other  source  is  passed  through  the  metallic  couple,  a  change 
of  temperature  is  produced  at  the  place  where  the  two  unite ;  if  the 
current  pass  from  the  bismuth  to  the  antimony,  the  junction  becomes 
heated ;  but  if  the  electricity  pass  in  the  opposite  direction,  the  junc- 
tion is  cooled  to  a  remarkable  degree,  so  that,  if  a  little  hole  be 
bored  where  the  metals  touch,  and  a  drop  of  water  be  laid  therein, 
it,  is  frozen  after  a  few  moments.  This  result,  which  was  first  ob- 
tained by  Peltier,  and  has  been  confirmed  by  Bottger,  is  one  of  the 
most  remarkable  proofs  of  connexion  between  the  physical  sources 
of  temperature  and  electrical  equilibrium  that  has  been  as  yet  dis- 
covered, and  may  influence  our  theories  of  the  nature  of  heat  in  no 
inconsiderable  degree. 

The  principle  of  strengthening  the  thermo-e'lectnc  current,  by 
combining  together  the  action  of  a 
number  of  metallic  couples,  is  due  to 
Nobili.  If  we  consider  a  number  of 
bars  of  antimony  and  bismuth,  a  h, 
soldered  together  alternately  at  their 
ends,  so  that  every  alternate  soldering 
shall  be  in  the  same  plane,  and  the 
extremities  of  the  terminal  bars  be 
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ecied  by  a  wire,  on  applying  heat  to  the  alternate  solderings, 
■rent  is  generated  at  each,  which,  being  all  in  the  same  direc- 
tion, travel  together  through  the  system,  and  thus  increase  its  en- 
ergy in  proportion  to  the  number  of  combinations.  The  important 
distinction  between  thJs  and  the  combination  of  elements  in  the 
Voltaic  pile  is,  that  in  the  latter  the  increase  of  number  affects  only 
the  tension  of  the  current,  but  leaves  the  quantify  the  same  as  the 
single  couple  ;  but  in  the  thermo-electric  pile,  although  the  intensity 
is  increased,  yet  the  quantity  which  passes  in  the  current  is  aug- 
mented also. 

It  is  this  principle  which  has  been  applied  by  Nobili  to  the  con- 
struction of  the  ther mo- multiplier  or  thermo-electroscope  used  by 
Melloni  and  Forbes  in  their  researches  on  radiant  heat,  of  which  a 
sketch  has  been  given  in  the  last  chapter.  The  fhermoscope  con- 
sists of  fifty  small  bars  of  bismuth  and  antimony,  placed  parallel  be- 
side one  another,  and  forming  a  single  prismatic  bundle,  F,  F',  about 
li  inch  long  and  ^  inch  square  in  section.  The  two  terminal  faces 
are  blackened.  The  bars  of  bismuth,  which  are  arranged  alternately 
with  those  of  antimony,  are  soldered  at  their  extremities,  and  sep- 
arated all  through  their  length  by  an  insulating  substance.     To  the 


first  and  last  bars  are  attached  copper  wires,  which  terminate  in  the 
pins  C  C,  of  the  same  metai,  passing  across  a  piece  of  ivory  fixed 
on  the  ring  A  A.  The  space  between  the  interior  of  this  ring  and 
the  elements  of  the  pile  is  filled  by  insulating  material.  The  free  ex- 
treinities  of  the  two  wires  are  put  in  communication  with  the  ter- 
minal wires  of  a  magnetic  galvanometer,  the  needle  of  which  indi- 
cates by  its  motions  when  the  temperature  of  the  anterior  surface 
of  the  thermo-electric  pile  is  raised  or  lowered,  in  comparison  to  that 
of  the  posterior  surface.     (See  P  in  figure,  page  99.) 

By  means  of  a  jointed  support,  the  axis  of  the  pile  may  be.  turned 
in  any  direction  that  maybe  wished,;  and  to  protect  its  surface  from 
lateral  radiation,  the  metallic  tubes  B  B,  brilliant  externally  and  black 
ened  on  the  inside,  are  attached  to  the  extremities  of  the  ring  A  A. 

If  by  changing  through  one  degree  the  temperature  of  a  single 
soldering,  a  current  of  a  certain  power  be  obtained,  there  should  be 
with  fifty  solderjngs  a  current  fifty  times  as  strong,  or  an  equal 
current  when  the  temperature  of  the  solderings  varies  through  one 
fiftieth  of  a  degree.  It  has  been  ascertained  that  instruments  of 
this  kind  may  be  made  to  indicate  a  variation  of  temperature  of  j^i-'sj- 
of  a  degree  oa  Fahrenheit's  scale. 

The  electricity  which  is  thus  evolved  by  change  of  temperature 
in  conducting  bodies,  although  so  feeble  in  quantity  and  intensity 
as  to  he  utterly  devoid  of  those  brilliant  qualities  which  attach  much 
popularity  to  the  phenomena  of  Galvanism  and  of  machine  electri- 
city, has  thus  been  found  the  means  of  assigning  the  true  laws  of 
some  of  the  most  interesting  and  important  branches  of  the  physical 
,d  it  will  be  hereafter  seen  that  thermo-electric  currents. 
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excited  in  the  superficial  strittirm  of  the  globe  by  the  inequality  of 
temperature  which  arises  from  the  action  of  the  sun,  may  generate 
not  only  the  magnetic  properties  on  which  are  founded  the  com- 
mercial intercourse  of  civilized  nations,  but,  by  influencing  the  affiti- 
itary  powers  of  the  elementary  constituents  of  our  planet,  may  have 
been  the  agent  in  silently,  but  effectively,  regulating  the  constitution 
of  inorganic  nature. 

[From  the  extensive  employmentof  thermo-electrin  currents  as  measurea  of  tem- 
perature, it  is  desirable  to  understand  their  habitudes.  Dr,  Draper  has  shown  that 
eqnal  quantities  of  heat  do  not  set  in  motion  ei]nal  quantities  of  electricity ;  with 
certain  combinations  ofmeiats  the  proportion  increases,  and  ivitli  ottiers  decreiises. 
For  this  reason,  temperatures  estimated  in  this  way  must  always  undergo  correc- 
tion, as  the  following  tahle  shows ; 


«,„u„t.i,. 

i'j    Mercurial  thermometer  . 
S.a  /-Copper  andiron     .     .    . 
S  t    Silver  and  palladium 
gtj  Iron  and  palladium    .    . 
1:^1  Platina  and  copper    .    . 

II  Umn  and  pia'tna     '.     '.     '. 

312 
303 
S35 
311 
Ui 
170 

6G2 
357 

539 
1030 
379 
S39 

Ji 


We  therefore  infer,  that  in  tliese  aixsj^tems  of  metals,  the  developments  of  electn. 
city  do  not  increase  proportionally  with  the  temperatures,  but  in  some  with  greater 
ra™iity,  and  in  others  with  less. 

The  tension  of  these  currents  undergoes  a  sliglit  increase  with  increase  of  tem- 
perature ;  a  phenomenon  due  to  the  increased  resistance  to  conduction  of  metals 
when  their  temperature  rises.  In  hydro-electric  pairs,  the  quantity  of  electricity 
evoWed  depends  on  the  surface  of  the  plates ;  but  in  thermo-dectric  arrangements, 
the  quantity  of  electricity  is  Independent  of  the  amount  of  heated  surlaee,  a  mere 
point  being  just  as  efficacious  as  an  indelinitely  eittended  surface.  And  in  a  com- 
pound series  of  many  pairs,  the  quantity  of  electricity  evolved  is  directly  proportional 
to  the  number  of  pairs. 

Thermo-electric  currents  traverse  metallic  masses  only  on  account  of  differences 
<if  temperature  existing  at  different  points.  When  a  current  flowing  from  the  poles 
of  a  battery  is  made  to  traverse  a  wide  mctaUic  sheet,  the  whole  of  it  does  not 

"  -  straight  tine  from  one  pole  to 

,  but  difihses  itself  through  the 
metal,  diverging  from  one  pole  and  con- 
verging to  the  other.  For  these  reasoiis, 
there  are  certain  forms  of  construction 
which  give  thermo-electric  arrangements 
'  pec uhar  advantages.  For  example,  the  sur- 
faces united  l)y  soldering  must  not  be  too 
massive.  Let  a,  fig.  I,  be  a  bar  of  anti- 
mony, and  b  a  bar  of  bismuth ;  let  them  be 
soldered  together  along  the  line  c  d,  and  at 
the  point  d  let  the  temperature  be  raised, 
a  current  is  immediately  excited :  but  this 
does  not  pass  round  the  bars  a  b,  inasmuch  as  it  finds  a  shorter  and  readier  chan- 
nel through  the  metals  between  e  and  d,  circulating,  therefore,  as  indicated  by  the 
.  arrows.  Nor  will  the  whole  current  pass  round  the  bars  until  the  temperature  of 
the  soidered  surface  has  become  uniform. 

An  obvious  improvement  on  such  a  combination  is  shown  in  fig.  2,  which  con- 
sists of  the  former  arrangement  cut  out  along  the  dotted  lines ;  here  the  whole  cur- 
rent, as  soon  as  it  exists,  is  forced  to  pass  along  the  bars.  And  because  the  mass 
of  metal  has  been  diminished  along  the  line  of  junction,  such  a  pair  will  change  its 
temperature  very  quickly. 

One  of  the  very  best  forms  for  a  thermo-electric  couple  is  given  in  fig.  3.  where  a 
is  a  semi-cylindrical  bar  of  antimony,  bone  of  bismuth,  united  together  by  the  oppo- 
site corners  ot  a  lozenge-shaped  piece  of  copper,  e.  From  its  exposing  so  much 
surface,  ijie  copper  becomes  hot  and  cold  with  the  greatest  promptitude ;  and  from 
its  good  conducting  power,  it  may  be  made  very  thin  without  injury  to  the  current] 
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Magnetic  Ehctriciiy. — The  properties  which  a 
mag'aetic  wer&  first  recognised  in  a  peculiar  c 


f  known  as 

iity  of  the  town  Magnesia,  in  Asia  Minor,  from  which  the 
f  tne  substance  and.  of  the  science  have  been  derived.  The 
native  magnetic  ore  or  loadstone  consists  of  iron  and  oxygen.  This 
mineral,  although  quite  inert  with  regard  to  all  other  bodies,  attracts 
iron  and  steel  with  great  power ;  and  the  pieces  of  iron  and  steel, 
while  in  contact  with  the  loadstone,  participate  in  its  powers,  and 
are  capable  of  attracting  other  pieces  to  themselves.     Iron  a 


11) 


nd  steel, 

1    i 

d 


though  both  attracted  by  the  magne     d  fi"         m    k  b!y 

that  iron,  although  magnetic  while  h    !      I 

loses  all  ils  properties  when  it  is  rem       d       hi  III 

first  attracted  with  inferior  power,  wl  h      b       m         g  by 

contact  with  that  mineral,  retains  th  d  f  p 

and  thus  becomes  a  permanent  artifi      1  m  A  1       g 

thus  formed  may  in  its  turn  be  used       pi  fid 

others;  and  almost  all  the  magnets  \  pi  ! 

thus  obtained  therr  power,  as  native  Id  f       d  f 

ficient  quantity,  or  sufficiently 

The  steel  bars  which  are 

also  bent  in  the  centre,  so  that  the  11  Ij  p 

are  then  called  horseshoe  magnets. 

When  a  magnetic  bar  is  dusted  o  h  fil 

found  that  the  filings  attach  themselv 
the  estretnitiea  of  the  bar,  and  scare  ly 
all  to  the  centre  ;  the  magnetic  po\ 
thus  seen  to  esist  only  near  the  ends    f  I     b 
itself  for  the  time  a  inasTiet,  a 
which  arrange  themselves,  ad  d  fi 

which  is  termed  the  magne  d 

these  curves  it  is  evident  th       h    a       n 
from  a  single  point,  P,  near        1 
extremity ;  these  points  being  h 
centres  of  action  of  the  magn 
are  termed  its  jio/es.    Thus,  in  h 
figure,the  bar  being  a  magnet    h 
points  P  and  E  are  the  poles, 
the  directions  of  attractive  f 
are  indicated  by  the  diver 
lineR,  which,  uniting  on  the  i 
side,  form  the  magnetic  cur 

Tlie  utility  of  the  magnet 
from  the  poles  of  the  magne 
way,  that,  when  free  to  move    h         gti  d 

north  and  south; -the  pole  ol  the  magnet  i^hich  is  ,  ^  .^  ...,, 
north  is  termed  the  north  pole,  the  othei  the  south  pole  If  two 
magnets  be  brought  into  the  neighbourhood  of  one  another,  they  do 
not  attract  indifferently,  as  either  would  attract  a  ma'is  of  iron  ;  but 
the  north  pole  of  one  magnet  attracts  the  south  pole  of  the  other, 
and  is  attracted  by  it,  while  the  north  poles  of  the  two,  or  the  south 
poles,  if  brought  near  each  other,  repel  as  powerfully.  In  magnets, 
therefore,  poles  of  the  same  name  repel,  and  poles  of  opposite  names 
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nttract,  a  condiiioa  precisely  similar  to  that  ■which  holds  beiwei 
electricities  evolved  by  friction.  In  magnelisin,  also,  the 
and  repulsions  follow  the  law  of  the  inverse  square  of  the  distance, 
and  thus  complete  the  superficial  ohalogy  which  led  astray  for  so 
many  j'eara  the  investigators  of  this  branch  of  science. 

The  actLon  of  the  earth  upon  magnets  at  its  surface  can  only  be  explained  by 
supposing  the  earth  itself  lo  pueseas  magnetic  pioperties.  The  northern  portions 
of  the  earth  attract  the  north  pole  of  a  magnet,  and  must  therefore  posse^is  south* 
em  polarity ;  the  southern  portions  of  the  earth  attracting  the  south  pole  of  the 
Biaenet,  must  possess  northern  polarity.  The  action  of  the  earth  cannot  be  ex- 
plained, bowcver,  by  supposing  it  to  be  a  simple  magnet  with  a  pole  at'  each  ex- 
tremity. It  possesses  at  least  two  centres  of  force  or  poles  in  the  north,  one  hi 
Siberia  and  one  in  North  America,  while  the  exact  distribution  Of  the  centres  ot 
magnetic  force  in  the  southern  hemisphere  has  not  been  yet  made  out.  These  ceu 
tres  themselves  are,  however,  not  fixed ;  the  needle  is  continually  changing  in  di- 
rection ;  at  present  it  points  to  24^°  west  of  north ;  hut  in  the  yea/  1664  it  pointed 
to  the  north,  and  it  had  previously  pointed  in  an  easterly  direction,  towards  which 
it  is  now  returning. 

Prior  to  the  discovery,  by  Ampere,  of  the  true  nature  of  magnetic 
phenomena,  a  theory  similar  for  the  most  part  to  that  of  the  two 
electrical  fluids  waa  maintained;  two  magnetisms  were  supposed  to 
exist,  the  particles  of  the  same  tiuid  repelling  each  other,  but  the 
particles  of  one  fluid  attracting  those  of  the  other.  The  assumption 
of  magnetic  properties  hy  a  piece  of  iron  or  steel  in  contact  with  a  , 
magnet  became,  therefore,  a  phenomenon  of  induction  similar  to 
that  described  under  the  head  of  statical  electricity,  the  constitution 
of  iron  being  such  that  the  fluids  reoombined  on  the  disturbing  cause 
being  removed ;  the  constitution  of  steel,  on  the  contrary,  prevent- 
ing their  reunion.  There  existed,  however,  one  great  difference 
between  a  magnetic  bar  and  a  body  excited  by  induction  with  ma- 
^  c  s       chine  electricity.     If  the  bar  A,  C,  B,  excited 

C I J    by  induction,  and  of  which  the  portion  A  is 

'  /\  j\  J\     positive,  and  B  negative,  the  middle  C  being 

neutral,  be  cnt  in  two  at  C,  the  portions  A 

^ 1  *p— — 5..     and  B  retain  their  peculiar  states,  one  posi- 

V — '     ' iT      tive  and  the  other  negative.    But  if  the  mag- 

'', Z'  *e     netic  bar  A,  C,  B  be  broken  across  at  the 

:-'!^^.-  C  .>'^^^-  neutral  portion  C,  then  each  half  becomes 
^^S^  ^^^^^H'  *  perfect  magnet  of  half  the  strength  of  the 

"'^W^  ^^71^"  entire  i  the  points  C'  and  C",  which  had 

^^.■■'>^  -SSfe--;^.  teen  neutral,  acquire  magnetic  power  ;  and 
^^p^^-.^^^^  if  these  portions  be  again  broken,  e^h  frag- 
''W^^iv^  ^'[y'  ''i^  ment  is  a  perfect  magnet.  Magnetism  be- 
longs, in  this  way,  to  the  inmost  particles  of  the  body,  and  in  the 
general  mass. each  magnetic  molecule  is  still  active  and  independ- 
ent; a  magnet  resembles,  therefore,  an  exceedingly  bad  conductor, 
which  has  been  inductively  excited  by  common  electricity,  and  the 
particles  of  which  retain  for  an  indefinite  length  of  time  their  state 
of  polar  excitation. 

In  order  to  understand  the  real  nature  of  magnetic  action,  we 
must  free  ourselves,  however,  from  a!)  these  analogies  to  machine 
electricity,  no  matter  how  well  jrrounded  they  may  appear  to  be 
when  superficially  examined.  The  electricity  of  the  magnet  is 
constantly  circulating,  and  it  possesses  so   little  tension    that  it 
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never  leaves  the  magnetic  clement,  or  molecule  of  iron  or  steel,  in 
which  it  has  its  origin  ;  in  fact,  every  current  of  electricity  possess- 
es magnetic  properties,  and  simulates  the  action  of  a  magnet  situ- 
ated transversely  to  it.  Thus,  if  a  needle  be  held  transversely  on  a 
wire  carrying  an  electric  current,  it  becomes  magnetic  precisely  as 
if  it  had  been  laid  parallel  to  a  magnet ;  and  by  bending  the  wire 
round  so  as  to  form  a  coil,  the  magnetism  which  it  confers  being 
increased  in  proportion  to  the  number  of  turns,  may  be  rendered  so 
intense  as  to  surpass  that  of  the  most  Fig.  i- 

Eowerful  steel  magnets  that  are  made, 
a  fig.  1  a  small  coil  is  represented,  by  J 
which  magnetism  is  conferred  u 

Fis-2.  bar  of  steel  inside.     And 

2,  a  largt 

f  soft  iron,  bybeing  covered  by  a  helix  of  many 

id  turns,  may  become  able  to  raise  a  weight  of 

hundreds  of  pounds  by  the  magnetism  it  ac- 

jl  quires. 

The  coil  of 
shown,  also,  to  possess  magi 
,  attractive  and  repulsive  action 
n  fig.  3,  suspended  so  as 
e  able  to  move  freely,  is 
attracted  and  repelled  by  the 
poles  of  a  magnet  precisely 
as  if  it  also  had  a  magnetic 
pole  at  each.  end.     A  flat  coil,  as  in  fig.  4, 
is  also  found  to  be  magnetic,  the  pole's  be- 
ing indefinitely  near  each  other  at  the  cen- 
tre of  the  coil,     A  beautiful  form  of  the  ex- 

:  FiB.5.  periment     consists  |Oc 

in     a    lon<r    wire  ^ 

which  IS  made  into  a  close  coil  ■\nd  connect- 
ed at  the  ends  with  a  piir  of  httle  plates  of 
^mcandcopper  a  in  fig  5  OnplicmgthiS 
\stem  buoyed  by  apiece  of  cork  in  a  dish 
i  acidulated  water  it  settle  it  elf  at  right 
I  1  le    to  the  direction  of  the  miifnetic  nee- 

~  11     and  bebives  in  all  respect    111  e  a  mag- 
_      t  sit  ated  in  the  centie  of  the  coil    and 
~    p  ipendicular  to  its  plane 
_        _  It  i«  now  necessary  to  e^famme  into  the 

-  =—  jelation  which  the  direction  of  the  current 

3  the  poles  of  the  magnet    which  tt  forms    or  which  might 
repcesei  t  it    action      If  A  B  be  a  wire  in  which  a  current      * 
IS  descending,  a^  Poarked  by  the  ariow,  and  a  needle,  N  S,      1^ 
Is  placed  transverse  to  it,  the  right-hand  end  of  the  needle  r" — I 
1^^       becomes  the  north,  and^left-hand  end  of  the  nee-  S    I    N 
I— T     Vi    die  the  south  pole  ;  if  the  direction  of  the  current       ™ 
B  \^-jiP^  be  reversed,  the  north  pole  is  formed  at  the  left.     In  a 
B  circular  current,  the  position  of  the  pole  may  be,  conse- 

queally,  easily  seen;  the  current  A  B,  which  descends  in  front 


■■  carrying  the  current    may  be 
■"  1  properties  by  its 
a  magnet.     A  coil 
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of,  and  ascends  behind  the  needle,  produces  in  the  bar,  N  S,  i 
northern  polarity  to  the  ri^Ut,  and  a  southern  to  the  left ;  the  ac 
tion  of  magnetic  currents  upon  each  other  supplies  the  explana 
tiou  of  these  phenomena.  If  two  wires  carrying  Galvanic  current 
be  brought  near  each  other,  there  is  attraction  o 


to  the  direction  of  the  currents 
direction,  the  wires  attract ;  if 
repel  each  other.  The 
the  figure :  the  upper  w 
H  currents  in  the  same  dii 
ihould 


if  the  two  currents  be 
opposite  dir 

mspeci 


the 


of  ^ 


ident  on 
being  arrows  i 
in,  they  act  on  each  other, 

fnets  placed  transverse  to  ihcic 
e  magnets  which  are  juxtaposed 
opposite  polarities,  and  attract;  while  in  the  lower 
vs,  where  the  currents  are  in  opposite  directions, 
ffect  is  the  same  as  would  result  from  the  magnets 
hich  the  contiguous  poles  are  of  the  same  name,  and  hence  re- 

lagnet,  it  acts 


sfiSp 


e  carrying  an  electric  current  being  thus  a 
upon  permanent  magnets,  attracting  or  repoliing,  a 
position,  and  generally,  from  t!ie  combination  of  the  two  forces, 
generating  very  complex  and  singular  motions.  These  actions 
have  been  so  minutely  and  so  extensively  studied  as  to  constitute 
a  distinct  branch  of  this  department,  termed  ehctro-ma^net-isin  ;  but 
being  unimportant  in  detail  except  in  physical  relations,  I  shall 
only  notice  the  experiments  by  which  (Ersted  first  created  this 
branch  of  science,  and  which  have  ultimately  led  to  one  of  the  bebl 
II  easures  of  electricity,  the  multiplying  galvanometer. 

If  a  Galvanic  current  be  passed  over  a  magnet  in  the  direction  of 
'  e  arrow  in  the  figure,  and  the 
jedle  be  movable  on  ita  centre, 
endeavours  to  assume  a  position 
I  such  as  will  bring  it  parallel,  and 
with  opposite  poles  presented  to 
the  magnet  which  the  wire  repre- 
sents ;  and  hence,  in  the  figure,  the 
motion  would  be  to  bring  Uie  south 
ind  to  depress  the  north  pole 
til  the  ueedlehad  assumed  a  position  perpendicular  to 
the  conducting  wire,  .f  the  current  had  been  in  the  opposite  di- 
rection, the  action  would  have  been  reversed,  and  the  north  pole 
would  have  been  turned  up  from  the  paper;  but  if  the  current  be 
reversed  at  the  same  time  that  it  is  brought  under  the  needle,  as  in 
the  figure,  it  causes  a  deflection  similar  to  that  of  the  superior  por- 
tion, and  hence  the  angle  through  which  the  needle  moves  is  much 
increased.  .  If  the  needle  were  affected  only  by  the  current  passing 
over  or  under  it,  its  ultimate  position  would  be,  tn  oil  cases,  at  right 
angles  to  the  current ;  but  as  the  magnetic  action  of  the  earth  tends 
constantly  to  bring  it  back  to  its  direction  of  north  and  south,  the 
position  which  it  ultimately  assumes  is  the  resultant   of  the  two 

The  deflection  of  the  needle  being  thus  an  indication  of  the  pas- 
sage of  an  electric  current  through  the  wire,  It  is  desirable  in  piac 


of  the  paper 
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tice  to  g^ive  the  power  of  the  current  as  much  effect  as  possible, 
tind  at  the  game  time  to  dimiaish  as  much  as  can  be  done  the  action 
of  the  terrestrial  magnetism.  The  first  is  effected  easily  by  increas- 
ing to  the  desired  degree  the  number  of  turns  which  the  wire  makes 
round  the  needle ;  for  the  total  effect,  as  will  easily  be  understood 
from  the  description  of  the  figure  above,  is  proportional  to  the  num- 
ber of  coils ;  but  the  diminution  of  the  effect  of  the  earth  upon  the 
needle  requires  some  more  care.  If  the  needle  be  made  but  feebly 
magnetic,  the  power  of  the  current  to  turn  it  diminishes  just  as 
much  as  the  power  of  the  earth  to  prevent  its  turning,  and  there  is 
hence  nothing  gained ;  but  the  object  is  effected  by  using  a  combi- 
nation of  two,  three,  or  four  powerful  needles,  so  arranged  that 
with  regard  to  the  earth  they  are  made  to  represent  one  very  feeble 
needle.  Thus,  in  tlie  figure,  the  three  magnets  N  and  S,  being 
suspended  with  their  opposite  poles  next  or 
another,  act  on  each  other  so  powerfully  that  ^  '^  '^^ : 
the  remote  and  weaker  opposing  action  of  the  ' 

earth  becomes  almost  insensible.  A  current- 
passing  in  the  direction  of  the  arrows,  C,  E, 
D,  will  tend  to  depress  tKe  north  poles  of  ihe 
upper  and  lower,  and  the  south  pole  of  the  middle  needle  below  the 
plane  of  the  paper;  and  when  it  passes  under  the  middle  needle, 
its  action  upon  it  will  he  the  same,  since  its  direction  is  reversed. 
The  Hmount  of  deflection  of  such  a  system  of  needles  will  still  he 
regulated  by  residual  terrestrial  influence  ;  hut  as  this  may  be  ren- 
dered as  small  as  may  he  wished,  the  delicacy  of  the  apparatus  may 
be  increased  without  limit.  It  is  not  desirable  that  the  system  of 
needles  should  be  completely  astatic,  that  is,  indifferent  to  the  earth, 
for  then  the  degree  of  deflection  by  ii  given  current  would  be  af- 
fected by  trivial  and  accidental  causes  ;  but  by  leaving  a  small  resi- 
due of  terrestrial  magnetic  effect,  the  current  acts  against  this,  and 
thus  produces  a  deflection  subject  to  an  assignable  law,  by  which 
the  strength  of  the  current  may  be  determined.  Within  a  certain 
limit,  about  30',  the  angle  of  deflection  is  proportional  to  the  quan- 
tity of  electricity  flowing  along  the  wire,  but  beyond  that  it  follows 
a  more  complicated  law,  which,  as  involving  matherantical  relations, 
I  shall  not  admit  here.  To  obtain  a  greater  degree  of  delicacy  and 
uniformity  of  action,  the  system  of  needles  is  in  all  good  instruments 
hang  by  a  thread  of  glass  or  of  silk,  like  the  beam  of  Coulomb's 
balance  {page  113),  The  deflecting  force  then  acts  against  the  force 
of  torsion,  and  the  resistance  to  be  overcome  is  reduced  to  its  sim 
jdest  possible  conditions. 

The  galvanometer,  such  as,  with  the  thermo-pile,  constitutes  the 
1  lie r mo- multiplier,  is  represented  in  section  and  in  perepectice  in 
the  following  figures  ;  the  same  letters  apply  to  both.  A,  B,  C  is  the 
frame  around  which  the  copper  wire  is  coiled,  the  ends  T  of  which 
terminate  in  the  metallic  tubes  F,  F'.  This  frame  is  fixed  on  a  hor- 
izontal plate  D,  E,  which  can  turn  in  its  own  plane  around  its  cen 
tre  by  means  of  a  toothed  wheel  and  endless  screw,  which  are  put 
in  motion  by  the  button  G.  Q,  M,  N  is  the  support  of  the  astatic 
system  of  two  magnetic  needles,  suspended  to  a  thread  of  cocoon 
silk  V,  L.     K,  S  if  the  glass  cylinder,  secured  by  brass  rings  P,  S, 
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=  the  apparatus,  and  re^tt.  on  the  base  K,  I.  A 
fcle,  accurately  divided,  is  drawn  upon  the  card, 
md  by  means  of  the  supporting  screws,  and  the  movement  of  the 
frame  A,  B,  C,  the  upper  needle  is  brought  to  be  exattly  parallel  to 
the  coils,  and  to  point  to  the  commencement  of  the  scale,  being 
regulated  in  its  height  by  means  of  the  screw  X,  with  which  the 
silk  thread  ia  in  connexion. 

Wheve  the  current  to  be  measured  by  the  galvanometer  is  deri- 
ved from  a  thermorelectric  combination,  it  is  necessary  that  the 
wife  should  be  miich  thicker  than  for  a  similar  current  from  a  hydro- 
electric source,  as  the  low  intensity  of  the  fluid  thrown  into  motion 
by  heat  might  cause  false  indications  of  its  quantity,  unless  an 
pie  path  were  opened  through  the  best  conductors  for  it;  the 
ber  of  coils  for  a  thermo-electric  galvanometer  should  also,  for  the 
same  reason,  be  as  few  as  possible.  It  is,  therefore,  not  iiswal  to 
employ  the  same  instrument  for  these  two  kinds  of  researchi 
The  position  of  the  galvanometer  in  employing  the  thermo-electric 
pile  in  the  researches  on  radiant  heat,  has  been  described,  pag 
and  its  use  in  measuring  the  quantity  of  electricity  flowing  from 
galvanic  sources,  which  has  been  already  partly  noticed,  will  be  far- 
ther described  in  a  future  place. 

The  passage  of  an  electric  current  in  the  vicinity  of  any  subst.ince 
capable  of  assuming  magnetic  properties  is  thus,  by  what  has  pas 
ed,  shown  to  be  sufficient  for  their  excitation,  and  conversely  if 
magnet,  whether  permanent  or  temporarily  produced,  be  broug] 
near  a  substance  through  which  an  electric  current  may  circulate, 
a  current  is  immediately  formed,  the  direction  of  which  is  alway; 
the  same  as  that  of  a  pre-existing  current,  which  would  have  con 
ferred  on  the  magnet  the  properties  which  it  actually  has.     In  like 
manner,  one  current  may  generate  another  in  a  closed  conductor 
near  it,  precisely  as  one  magnet  may  produce  another,  or  that  a 
body  statically  excited  may  induce  the  electric  condition  on  the 
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bodies  in  its  neighbourhood;  but  such  peculiar  influences  are  too 
removed  from  the  proper  domain  of  chemistry  to  justify  any  detail- 
ed description  of  them. 

In  concluding  this  section  of  tlie  subject  of  electricity,  it  ia,  however,  important 
to  prevent  Its  beiug  supposed  that,  by  the  omission  of  such  considerations,  they  are 
to  be  considered  as  of  inferioi  interest  in  the  pheGomcna  of  nature.  It  is  so  much 
fte  reverse,  that  perhaps  one  of  the  moat  active  sources  of  the  electricity  which 
we  shall  find  to  play  a  most  important  part  in  chemical  combination,  is  derived  from 
the  indaction  of  the  magnetic  influence  of  the  earth  itself :  for  the  earth  being  ren- 
dered magnetic  by  means  of  the  thermo-electric  currents  which  circulate  around 
it  spirally  from  the  equator  to  the  poles,  it  is  sufficient  to  bend  a  hit  of  copper  wire 
into  a  ring,  and  whirl  it  round  the  finger  in  the  plane  of  the  magnetic  eijuator,  to 
obtain  a  current  throiEgh  tbe  wire.  A  disk  of  copper  revolving  in  this  plane  is  a 
source  of  eleotricity  derived  from  the  inductive  influence  of  the  earth,  differing,  in- 
deed, amazJQgl;  from  the  brilliant  excitation  of  the  thunder-dond,  but  surpassing 
it  far  in  realpower  of  effect,  and  in  the  quantity  of  the  electric  Huid  actually  brought 
into  play,  we  arrive  here,  indeed,  at  tbe  extreme  modification  of  this  active  and 
omnipresent  force ;  we  found  it  in  the  commencement,  though  existing  in  exceed- 
ingly small  quantity,  preservable  only  by  the  very  best  insulating  means,  and  mani- 
festing its  tendency  to  escape  by  the  attractions,  the  flashes,  tlie  meclianical  vio- 
lence which  charaeteriKe  machine  electricity ;  while,  in  the  form  of  magnetism,  or 
of  a  magneto-electric  current,  though  present  in  a  quantity  many  millions  of  times 
greater,  it  flows  unUbnnly,  and  almost  insensibly,  along  the  perfect  conductors 
BiroHgh  which  alone  it  is  competent  to  pass,  and  it  requires  particular  care  to  suc- 
ceed in  demonstrating  its  heating,  its  luminous,  or  its  mecl^nical  effects  ;  but  we 
recognise  in  il,.neve!^eless,  the  uotiring  agent  by  which  the  inorganic  superstruc- 
ture of  the  habitable  globe  has  been  prodiieed,  by  which  the  depositories  of  the  most 
important  metals  in  the  clefts  of  rocks  have  been  accumulated,  and  which  being 
thus  the  safeguard  of  navigation,  the  source  of  all  metallurgic  industry,  becomes  not 
less  important  to  the  civilization  cf  mankind  at  large,  than  it  is  found,  from  its  par- 
amount influence  on  chemical  affinity,  its  power  to  separate  those  elements  most 
intimately  joined,  and  to  effect  the  union  of  those  which  appear  most  adverse  to 
mutual  combination,  as  well  as  the  facility  with  which  its  principles  may  be  applied 
to  the  exp^nation  of  the  laws  of  chemical  phenomena,  to  be  available  in  the  hands 
(rftheplSosopher  for  the  ad  vancranenl  of  science. 

To  the  chemist,  therefore,  the  most  useful  property  of  electricity  is  the  power 
which  it  possesses  of  modifying,  eniiulting,  or  superseding  chemical  affinity.  I  have 
hitherto  avoided  as  much  as  possible  involving  any  ideas  of  chemical  decomposition 
in  the  account  of  electricity  just  given,  restricting  myself  to  narrate  such  circum- 
stances as  might  serve  for  the  recognition  of  bodies  by  means  of  their  electrical 
properties,  independent  of  their  chemical  constitution.  But  the  question  whether 
electrical  iuHuence  and  affinity  are  identical,  or  what  are  their  exact  relations, 
and  the  discussion  of  the  theory  of  electro-chemical  combination,  still  remain,  and 
.  will  be  examined  when,  first,  the  nature  of  affinity  and  the  distinction  between  it 
and  the  action  of  cohesive  force  have  been  described,  and  the  general  system  of  nom 
«nclatnre  by  which  chemical  substances  are  designated  has  been  hrieily  noticed 


The  general  properties  and  laws  of  tbe  physical  ag;ents,  cohesion, 
light,  heat,  and  electricity,  having  been  now  described  so  far  as  was 
necessary,  that  we  may  avail  ourselves  of  those  properties  in  char- 
acterizing the  substances,  elementary  or  compound,  whose  more  pe- 
culiarly chemical  relations  we  shall  now  proceed  to  study,  it  is  ne- 
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cessary  to  prefix  to  the  description  of  the  forces  by  wliich  chemical 
union  is  effected,  and  of  the  laws  by  which  it  is  controlled,  a  short 
statement  of  the  principles  upon  which  the  names  of  the  substances 
to  which  there  will  be  frequent  occasion  to  refer  have  been  con- 
structed. 

There  are  at  present  known  fifty-five  substances  which  the  chemist 
has  not  been  as  yet  able  to  separate  into  other  elements.     These  are 
1  by  the  following  names : 


Ox;  gen 

__ 

Polaa^ium, 

K 

\iaeme, 

As 

Hydrogen 

H 

Sodmm, 

Na 

\nlimony, 

Sb. 

Nitrogen 

N 

Litliium, 

Li 

fungslen. 

W. 

Carbon 

C 

Barium, 

Molybdenum, 

Mo. 

Boron 

B 

Strontium, 

Tcintdlum, 

Ta. 

Silicon 

Calcium, 

Ca 

Cr. 

Sulphnr 

Mg 

Vanadium, 

V. 

Seleninm 

Se 

Aluminum, 

*l 

Uranium, 

U. 

Phosphorus 

P 

Glocinum, 

G 

Gold, 

Au, 

CUonne 

CL 

Zirconium, 

Zr 

[ndiuni, 

Ir, 

Iodine 

I 

Thonum, 

Th 

Oamuiin, 

Os. 

Brpmine 

Br 

Ytlrium, 

Y 

Platinum, 

Pi. 

FiBoriae 

F  ' 

Cerium, 

Ce 

Tin, 

Sn. 

reUifriuni 

Te 

Ln 

Lead, 

Ph. 

Hg. 

Mn 

Bismuth, 

Bi. 

Zme 

Zn 

Ke 

Silvor, 

Ag- 

Cadmium, 

ca 

Copper, 

Cu 

Palladium, 

Pd. 

Cobalt, 

Co 

Tiia^um, 

Ti 

lUiodium, 

R. 

Nukbl. 

_"'_ 

ich  other,  the 


By  the  combmation  of  these  bodies  among  e 
substances  which  exist  in  nature  are  produced. 

These  simple  bodies  have  been  divided,  from  the  earliest  days  of 
accurate  chemistry,  into  two  classes,  the  metallic  and  the  non-me- 
tallic elements.  The  first  thirteen  in  the  list  are  non-metallic  ;  the 
remaining  bodies  are  metallic.  It  is  found,  however,  that  this  di- 
vision is  only  popularly  correct;  no  matter  bow  we  may  define  a 
metal,  we  cannot  avoid  breaking  through  connexions  of  the  most  in- 
timate and  important  kind  if  we  endeavour  to  retain  the  class  of 
metals  as  one  founded  on  really  existing  chemical  principles.  Thus, 
in  density  and  lustre,  arsenic  and  tellurium  are  in'dubitably  metals ; 
and  yet,  if  we  class  these  bodies  with  copper  or  lead,  we  break  through 
all  laws  of  chemical  analogy,  for  in  their  combinations  they  aesim 
ilate  themselves  most  perfectly,  one  to  sulphur,  and  the  other  to 
phosphorus.  In  selenium,  also,  the  metallic  characters  are  so  feebly 
marked,  that  even  did  we  not  know  that  by  its  properties  it  must  be 
classed  with  sulphur,  we  could  not  place  it  as  a  metal  without  great 

In  describing  the  simple  bodies,  I  shall  retain  as  a  division  the 
chemistry  of  the  metals,  for  the  classification,  like  all  those  which 
have  been  long  in  extensive  use,  has  in  some  respects  much  utility 
and  truth ;  but  in  cases  where  the  study  of  certain  bodies  will  be  fa- 
cilitated by  departing  from  it,  I  shall  not  hesitate  to  do  so.  In  order 
to  avoid  confusion  subsequently,  I  shall  here  describe,  as  succinctly 
as  possible,  the  nomenclature  which  has  been  adopted  in  chemistry  \ 
for  in  a  science  where  the  multiplicity  of  objects  to  be  noticed  is 
so  great,  it  is  of  the  highest  importance  that  the  principles  upon 
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which  the  names  of  these  objects  are  founded  should  be  clearly 
understood. 

la  all  conditions  of  science,  the  nomenclature  has  been  regulated 
by  the  prevalent  theoretical  ideas  of  the  time,  and  it  is  probably  vain 
to  look  for  a  system  of  names  which  shall  tell  what  the  bodies  really 
are,  and  not  pretend  to  tell  more  ;  for  that  would  suppose  that  we 
knew  wbat  the  bodies  are,  whereas,  in  the  most  perfect  state  of 
science,  we  only  know  what  we  believe  them  to  be.  Thus,  at  a  time 
when,  by  a  mal-npplication  to  chemistry  of  the  analogy  of  the  human 
body  and  its  soul,  all  bodies  were  looked  upon  as  having  a  volatile 
and  a  fixed,  an  active  and  an  inert  element,  the  names  of  spirit  of 
wine,  spirit  of  hartshorn,  and  spirit  of  salt  were  invented ;  at  a  later 
period,  when  the  theory  of  phlogiston  prevailed  in  the  minds  of 
chemists,  the  spirit  of  salt  became  depblogisticated  marine  acid  j 
when  the  important  functions  of  oxygen  were  pointed  out  by  Lavoi- 
sier, the  name  was  in  his  theory  changed  to  o.xymuriatic  acid ;  and, 
finally,  when  the  present  view  was  introduced  by  Davy,  the  name 
hydrochloric  acid  became  the  most  correct.  The  cause  of  this  is, 
that  in  a  good  system  of  chemical  nomenclature,  we  require  two  con- 
ditions which  it  is  very  difficult  to  successfully  combine ;  that  the 
name  shall  not  only  tell  us  that  the  substance  is  an  independent  sub- 
stance, but  that  it  shall  give  to  us  an  idea  of  its  most  important  chem- 
ical character,  its  composition ;  thus  the  name  prussic  acid  is  less 
striitly  scientific  than  that  of  hydrocyanic  acid,  which  shows  us  that 
its  elements  are  hydrogen  and  cyanogen ;  and  iron  pyrites  gives  a 
lessperfect  picture  of  the  bodyit  describes  than  the  words  bisulphuret 
of  iron.  The  necessity  for  indicating  by  the  chemical  name  of"a 
body  its  chemical  composition,  is  thus  what  renders  chemical  nom- 
enclature at  once  so  variable  .and  so  complex,  but  it  is  also  that  which 
alone  enables  us  to  connect  distinct  ideas  with  our  words. 

The  benefit  conferred  upon  chemistry  by  the  nomenclature  intro- 
duced by  Lavoisier  and  Guyton  was  scarcely  inferior  in  its  impor- 
tance to  the  accurate  ideas  of  combination  in  which  it  had  its  origin. 
The  removal  of  the  unconnected  and  unfounded  names,  which  had 
been  invented  by  the  older  chemists,  and  the  invention  of  the  idea 
that  every  name  of  a  compound  body  should  e.xpress  its  composition, 
involved  the  increase  of  accuracy  in  the  minds  of  those  chemists  by 
whom  science  was  subaequantty  to  be  prosecuted,  which  may  be 
looked  upon  as  the  most  fertile  source  of  the  discoveries  made  up 
to  the  present  day. 

The  names  most  employed  in  chemistry  are  ctcid,  base,  and  salt. 
The  word  acid  signifying  originally  sour,  was  applied  to  all  bodies 
which  tasted  like  vinegar.  The  word  base  signifies  any  substance 
which,  uniting  with  an  acid,  forms  a  compound,  of  which  it  is  the 
basis  or  foundation ;  and  the  compound  formed  by  their  union,  beinw 
generally  similar  to  Common  salt  in  superficial  characters,  is  termed 
a  salt.  Thus,  oil  of  vitriol  lasting,  when  mixed  with  water,  sour,  ia 
an  acid  i  soda  is  a  base,  and,  when  combined,  they  form  the  well- 
known  salt  called  after  Glauber,  who  discovered  it.  Such  are  the 
names  of  those  classes  of  bodies,  the  discovery  of  which  dates  from 
a  remote  period. 

Acting  on  the  principle  that,  in  naming  a  simple  substance,  the 
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name  should  be  derived  from  its  most  ijharact eristic  property,  La- 
voisier formed  the  word  "osyg'en"  from  o^v^,  acid,  and  yeri'aw,  I 
generate,  to  signify  the  important  substance,  the  functions  of  which 
he  was  the  first  to  show,  and  which  he  imagined  to  have  the  peculiar 
property  of  forming  acids.  In  like  manner,  he  constructed  the  word 
"hydrogen"  from  vdup,  water,  ,ind  ysi>vab>,to  express  its  most  im- 
portant property,  of  being  an  element  of  water.  This  principle  can, 
however,  seldom  be  rigidly  acted  on ;  for  example,  oxygen  is  as 
much  a  water  former  as  hydrogen  ;  and  the  name  of  oxygen  itself  is 
not  without  objection,  as  the  pre-eminence  as  acid  former,  which 
Lavoisier  imagined  it  to  posses8,*has  been  latterly  overthrown.  In 
the  case  of  simple  bodies,  names  derived  from  quite  arbitrary  sources, 
as  tellurium  from  tellns,  the  earth ;  selenium  from  OJjXrjvij,  the  moon  ; 
vanadium  and  thorium  from  Vanadis  and  Thor,  deities  of  Scandi- 
navian mythology  ;  chlorine  from  %/l(jpof,  yellowish  green  (its  col- 
our) ;  and  similarlv  iodine  from  loeidrj^  (like  a  violet),  have  a  great 
superiority  over  those  which,  by  attempting  to  teach  more  when 
first  invented,  have  the  disadvantage  of  teaching  falsely  at  a  future 
period. 

The  simple  bodies,  combining  with  each  other,  form  compound 
bodies  of  the  first  order,  or  binary  compounds.  The  names,  of  those 
binary  compounds  which  contain  oxygen  are  of  tivo  kinds,  according 
as  the  compound  possesses  acid  properties  or  not ;  if  it  be  an  acid, 
the  word  acid  is  added  to  that  of  the  other  body  to  which  the  ter- 
mination ic  is  joined.  Thus  the  acid  compound  of  sulphur  and 
oxygen  is  sulphuric  add;  the  acid  compound  of  phosphorus  and 
oxygen  is  phosphoric  acid.  It  frequently  happens  that  the  same 
body  forms  with  oxygen  two  acids,  in  which  case,  that  containing 
most  oxygen  retains  the  terminal  ic,  while  that  in  which  there  is 
least  oxygen  ends  in  ous.  Thus  there  is  sulphurous  acid,  and  phos- 
phorous acid,  consisting  of  sulphur  united  with  less  oxygen  than 
could  form  the  sulphuric  or  the  phosphoric  acids.  Many  bodies  form, 
however,  with  oxygen  more  than  two  acids,  and  in  this  case  a 
new  principle  of  nomenclature  has  been  introduced  :  the  words 
iino,  hypo,  and  VTrep,  hyper,  under  and  over,  are  prefixed  to  the  de- 
grees terminating  as  before  stated.  Thus  there  is  an  acid  of  sul- 
phur containing  less  oxygen  than  the  sulphurous  acid,  and  it  is  call- 
ed hypo-sulphurous  acid  ;  and  also  aniacid  containing  more  oxygen 
than  the  sulphurous,  but  less  than  the  sulphuric  acid  :  this  might  be 
called  either  hyper-sulphurous  or  hypo-sulphuric  acid  ;  the  latter  name 
has  been  universally  adopted.  Chlorine  forms,  with  oxygen,  four 
acids,  which  are  the  hypo-chlorous  acid,  chlorous  acid,  chloric  add, 
and  hyper-chloric  acid,  or,  as  it  is  often  called,  substituting  the  short- 
er Latin  per  for  the  Greek  vnep,  perchloric  acid. 

In  ca:ses  where  the  compound  formed  with  oxygen  is  not  an  acid, 
it  is  termed  an  oxide  of  the  substance  with  which  the  oxygen  is  uni- 
ted. Thus  oxide  of  lead,  oxide  of  iron,  oxide  of  copper,  are  re- 
spectively the  compounds  of  oxygen  with  lead,  with  iron,  and  with 
copper.  In  many  cases,  where  oxygen  unites  with  bodies  in  more 
than  one  proportion,  one  compound  may  be  an  acid,  and  the  other 
not.  Thus  manganese, uniting\vith  oxygen,gives  ma?^nwic  add  oad 
permanganic  acid,  but  in  a  lower  degree  of  oxidation  it  forms  several 
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u!cidis  of  manganese.  For  as  a  substance  uniting  with  oxygen  may 
form  many  acids,  so  may  it  form  many  oxides  also  ;  and  in  such 
cases  it  becomes  necessary  to  distinguish  them  from  one  another 
This  is  done  by  the  adoption  of  the  Greek  words  npoTo^,  devrepo^^ 
rpnog  (first,  second,  third),  prefixed  to  the  word  oxide.  Thus  wo 
say  protoxide  of  lead,  deutoxide  of  lead,  tritoxide  of  iron  j  the  ox* 
ide  which  contains  most  oxygen  is  often  called  the  peroxide,  and  that 
which  contains  least  the  suboxiiie,  as  peroxide  of  manganese,  suboxide  oj 
copper.  The  word  Msqm  (one  and  a  half)  is  also  used  for  oxides  in- 
termediate between  protoxides  and  deutoxides,  but  the  nomenclature 
then  involves  numerical  proportions,  which  will  req^uire  to.be  de- 
scribed he  rafter. 

Some  other  simple  non-metallic  bodies,  in  combining  with  the  met- 
als, form  compounds,  of  which  the  names  are  constructed  on  the  same 
plan  as  those  of  the  metallic  oxides.     Thus, 

I  Bromine  forms  Bromides. 
I  Fluorine  "  Fluorides. 
The  compounds  of  sulphur  with  the  metdls  ha\ing  been  popularly 
named  before  Lavoisier's  time,  and  it  bemp-  desirable  to  retain,  as 
much  as  possible,  the  names  alieady  m  tommon  use,  a  different 
form  of  termination  is  adopted  lor  that  bod\  and  seme  others. 
Thus, 

Sulphur     gives  Sulphurets.      1     Njtiogen     gives  Nitrurets. 
Selenium      "      Scleniurets.  Phosphorus    "     Phosphureta 

Tellurium    "      Tellurets,  Arsenic  "     Arseniurets. 

Carbon         "     Carburets.        I 

To  distinguish  between  the  different  sulphurets  or  chlorides,  &c., 
of  the  same  metal,  the  Greek  prefixes  are  adopted,  as  in  the  case  of 
oxides.  We  have  thus  pi oto- chloride  and  deuto- chloride  of  manga- 
nese ;  also  perchlorides  and  suhchloHdes.  The  Latin  bis  is  often 
substituted  for  the  Greek  deuto,  as  the  bichloride  of  tin  in  place  of 
the  deuto-chloride.  Among  Continental  chemists,  names  which 
should  be  translated  chloruret  in  place  of  chloride,  and  sulphide  in 
place  of  sulphuret,  are  frequently  employed ;  but  as  these  are  found- 
ed on  certain  theoretical  ideas  that  have  not  yet  been  discussed,  the 
propriety  of  adopting  soeh  additional  terminations  cannot  be  con- 
sidered until  we  have  proceeded  farther. 

Where  two  non-metallic  bodies  are  united,  it  is  a  question  how 
the  name  of  the  compound  should  be  formed.  Thus,  in  a  compound 
of  chlorine  and  phosphorus,  should  it  be  called  chloride  of  phos- 
phorus or  phosphuret  of  chlorine  \  This  is  decided  by  referring  to 
the  classification  of  the  simple  bodies  which  will  be  hereafter  given, 
and  which  is  founded  on  a  view  of  all  their  chemical  properties  taken 
together.  Whichever  element  stands  highest  in  the  scale  gives 
the  characteristic  name  to  the  compound  body.  Thus  chlorine  is 
above  phosphorus,  and  we  say  chloride  of  phosphorus.  Iodine  is  also 
above  phosphorus,  and  we  say  iodide  of  phosphorus  ;  but  iodine  is 
below  chlorine,  and  we  henee  call  tho  compound  which  they  form 
chloride  of  iodine. 

The  combination  of  tho  metals  with  each  other,  except  in  some 
U 
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peculiar  instances,  are  termed  alloys.  Thus  we  say  brass  is  an  alloy 
of  copper  and  zinc  j  fuaible  metal  is  an  alloy  of  bismuth,  tin,  and 
lead.  Where  one  metal  is  mercury,  the  alloy  is  termed  an  amalgam 
gf  the  other  metal ;  tlius,  an  amalgam  of  silver  ia  an  alloy  of  mercury 
and  silver  ;  an  amalgam  of  tin  is  an  alloy  of  mercury  and  tin.  Arse- 
nic and  telluiium  are  so  far  removed  from  the  metals  by  their 
chemical  characters,  that  their  compounds  with 'the  proper  inetaJs 
have  the  peculiar  termination  in  vret. 

By  the  union  of  two  primary  compounds  there  is  formed  a  sec- 
ondary  compovnd.  These  secondary  compounds  are  generally  termed 
salts.  The  word  salt  ia,  however,  applied  to  numerous  classes  of 
primary  compounds.  Thus,  the  metallic  iodides,  chlorides,  bromides, 
and  fluorides  are  lecognisedaa  -laits.  It  is  now  also  a  debated  quea- 
tion  whether  the  bodies  formed  by  the  direct  union  of  an  acid  and 
an  oxide  are  really  primary  or  secondary  compounds  j  but  I  shall 
now  describe  only  the  ordinary  nomenclature  of  those  bodies,  post- 
poning the  discussion  of  their  intimate  constitution  to  another  place. 
When  an  acid  and  a  metallic  oxide,  both  primary  compounds,  com- 
bine to  form  a  secondary  compound  or  a  salt,  the  specific  name  of 
the  salt  is  that  of  the  base,  without  any  change  ;  we  thus  say  a  salt 
of  soda,  a  salt  of  oxide  of  coryr  ;  the  generic  name  is  taken  from  the 
acid,  the  word  acid  being  omitted,  and  the  final  ic  ueing  changed  into 
ate,  or  the  final  ous  into  ite.  There  is  thus  formed  from  sulphuric 
acid  and  soda  sulphate  of  soda.  From  nitric  acid  and  oxide  of  lead, 
nitrate  qf  oxide  of  lead.  From  sulphurous  acid  and  potash,  sulphite 
of  potash.  From  hypochlorous  acid  and  lime,  hypochlorite  of  lime. 
Where  the  salt  contains  an  oxide  of  one  of  the  common  metaJs,  it 
is  usual  to  suppress  the  words  of  oxide  in  its  name,  and  thus  to  say 
sulphate  of  copper  in  place  of  sulphate  of  oxide  of  copper ;  nitrate 
of  lead  in  place  of  nitrate  of  oxide  of  lead.  The  strict  correctness 
of  language  is  thus  sacrificed;  but  if  the  idea  of  the  composition  of 
the  salt  be  held  clearly  in  the  mind,  the  abbreviation  is  not  injuri- 
ous ;  this  mode  of  naming  salts  is  so  universal,  that  breaking  in  on 
it  might  be  productive  of  more  injury  than  allowing  it  to  remain  ;  I 
shall  therefore  say,  for  example,  nitrate  of  lead,  understanding,  how- 
ever, that  the  nitric  acid  is  combined  not  with  lead,  but  with  oxide 
of  lead. 

It  frequently  happens  that  a  metal  forming  with  oxygen  two  ox- 
ides, will  form  with  acids  a  class  of  salts  for  each  oxide.  In  this 
case  the  words  proto,  deuto,  sesqui,  or  per,  by  v^hich  the  oxides  are 
distinguished  from  each  other,  are  prefixed  to  the  generic  name  of 
the  sfUt.  We  thus'say  proto- sulphate  of  iron,  persulphate  of  iron  ; 
indicating  that  there  is  in  one  salt  the  protoxide,  and  in  the  other 
the  peroxide  of  iron.  We  have  sesqui-sulphato  of  manganese,  and 
deuto-sulphate  of  platinum.  The  relative  quantity  of  acid  and  base 
being  liable  to  variation,  there  are  acid  salts  with  an  excess  of  acid, 
and  basic  salts  with  an  excess  of  base.  In  such  case,  the  proportion 
of  acid  is  marked  by  the  Latin  bi,  ter,Sic.,  b.s  bisulphale  of  potash,  ani 
the  proportion  of  base  where  it  is  in  excess  by  the  Greek  d/?,  rpif, 
&c.,  as  di-sulphate  of  zinc,  tri-sulphate  of  mercury  ;  or  still  better 
by  the  words  bi-basic,  tri-basic,  &c.,  to  indicate  the  quantity  of  base ; 
there  is  thus  triba sic- sulphate  of  mercury,  quadribasic-sulphsle  of 
copper,  and  so  on. 
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There  are  many  other  kinds  oi  secondary  compounds  than  the  salts 
just  noticed.  Thus  water  enters  into  numerous  compounds,  which 
are  called  hydrates.  This  water  may  act  in  very  many  different  ca- 
pacities, and  its  nomenclature  must  be  varied  accordingly,  as  will 
be  seen  under  its  proper  head ;  but  where  we  wish  to  indicate  that 
ibody  contains  water,  without  determining  more  nearly  the  specific 
function-  of  the  water,  we  describe  the  body  as  being  hydrated. 

Ojndes  and  chlorides  combine  together  to  form  secondary  com- 
pounds, which  are  culled  oxychlorides,  as  the  oxychlorides  of  mercury, 
the  oxychJoride  of  had.  Oxides  and  sulpkurets  combining  form  oxy 
sulphurels,  as  oxysulphuret  of  antimony.  Chlorides  and  sulpkurets 
form  by  their  union  chloro-sulpkureta^  as  chloro-sulphwet  of  mercury. 

When  two  chlorides  combine,  the  compound  is  termed  a  double 
chloride,  or  a  chloride  of  the  metals ;  as  the  chloride  of  gold  and  sodi- 
um, the  chloride  of  copper  and  potassium.  In  the  same  way  there  are 
double  iodides  and  double  bromides.  But  where  two  sulphurets  unite, 
the  nomenclature  has  received  an  important  change. 

Berzelius  has  proved  that,  in  veiy  numerous  cases,  where  a  body 
forms  an  acid  with  oxygen,  which  acid  uniting  with  a  metallic  oxide 
forms  a  salt,  that  body,  uniting  also  with  sulphur,  gives  a  sulphur 
acid,  which,  uniting  with  a  suiphuret  of  a  basic  metal  (a  sulphur 
base),  forms  what  he  terms  a  sulphur  salt.  Thus  double  sulphurets 
are  salts,  consisting  of  a  sulphur  acid  united  to  a  sulphur  base 
Hence,  as  arsenic  combining  with  oxygen  forms  arsenious  acid,  so, 
uniting  with  sulphur,  it  produces  sulpho-arsenious  acid,  which,  uniting 
with  suiphuret  of  lead,  forms  sulpharsemte  of  lead,  precisely  as  the 
oxygen  acid,  uniting  with  oside  of  lead,  produces  what  should  be 
called  oxyarsenite  of  lead.  The  prefix  oary  is,  however,  not  used; 
the  ordinary  salts  are  supposed  to  contain  the  oxygen  aeid,  and  it 
is  only  where  a  salt  does  not  contain  en  oxygen  acid  that  an  addi- 
tional word  is  necessary  to  point  out  what  sort  of  acid  it  does  con- 
tain. Tellurium  and  selenium  act  like  sulphur;  there  are  tellurium 
acids  and  tellurium  bases,  selenium  atids  and  selenium  bases,  and  hence, 
in  place  of  calling  the  compound  of  seleniuret  of  antimony  and  se- 
leniuret  of  sodium  a  double  seleniuret,  it  is  called  the  selenio-'sti- 
biate  of  sodium. 

An  attempt  was  made  to  assimilate  tlie  nomenclature  of  the  chlorine  and  iodine 
bodies  to  that  of  the  oxygen  and  sulpliur  compounds  ;  thus,  to  call  chloride  of  nier- 
cury  a  chlorine  acid,  anil  chloride  of  sodium  a  chlorine  base,  and  the  compound 
which  they  form  a  chlorine  salt,  chlornhy  drargyrate  of  sodium.  This  idea,  howev- 
er, has  not  been  received  into  science ;  for,  indeed,  now  the  direction  of  the  ideas 
most  popular  among  chemists  points  precisely  oontrar;,  and  in  place  of  assimilating 
the  double  chlorides  to  oWinary  oxygen  sails,  there  is  a  general  tendency  to  class 
the  ordinary  sails  along  with  the  simple  chlorides. 

Ternary  compounds  are  formed  by  the  union  of  two  secondary  com- 
poXinds.  Thus  dry  alum  is  a  compound  of  sulphate  of  potash  and  sul' 
phate  of  alumina.  Compounds  of  this  order  seldom  exist  jn  more 
than  one  proportion.  Alum  combining  with  water  to  produce  the 
crystallized  alum,  generates  a  quaternary  compound;  and  even  more 
complicated  stages  may  be  attained  ;  but  they  are  so  rare,  and  of  so 
little  scientific  importance,  that  they  do  not  require  notice  here. 

In  organic  chemistry,  the  principles  of  nomenclature  are  for  the 
most  part  identical  with  those  now  stated  ;  where  deviations  occur, 
they  win  be  noticed  under  their  proper  heads.     The  progress  of  sci 
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ence  has,  however,  introduced  remarkable  changes  in  the  mode  ol 
representing  the  constitution  of  bodies,  particularly  by  means  of  the 
symbolical  nomenclature  now  universally  adopted  after  ISerzelius. 

In  the  list  of  the  simple  bodies  in  page  150  the  nane  of  each 
substance  is  accompanied  by  its  symbol,  which  faCne  allj  he  in- 
itial letter  of  its  Latin  name  ;  and  in  cases  whe  e  tl  e  a  e  of  more 
than  one  body  begins  with  the  same  letter,  the\  a  e  d  st  g  iisbed 
by  adding  to  the  symbols  of  all  the  bodies  but  one  a  seco  d  letter 
in  smaller  type,  which  may  be  the  second  letter  of  the  vord,  or 
■whatever  letter  will  best  serve  to  characterize  the    a    e 

If  there  be  but  one  non-metallic  substance  mthe  group,  it  is  gen- 
erally selected  to  be  denoted  by  the  single  letter,  as  G.  and  P,  for 
carbon  and  phosphorus,  while  the  metals  whose  symbols  have  the 
same  letter  are  denoted  by  Ca.,  Co.,  Cd.,  Ce.,  and  PI.,  Ph.,  Pd.  Where 
there  are  more  than  one  non-metallic  body  commencing  with  the 
same  letter,  it  is  a  matter  of  indifference  which  is  designated  by 
the  one  or  by  the  two,  buj  the  single  letter  is  generally  attached  to 
the  body  which  is  of  most  importance  in  chemical  phenomena. 
Thus  S,  is  sulphur,  while  Si.  and  Se.  denote  silicon  and  selenium 
respectively. 

The  symbols  of  compound  bodies  are  constructed  by  grouping  to- 
gether the  symbols  of  their  constituents ;  thus  Pb.O.  represents  a 
compound  of  oxygen  and  lead ;  C.H.N.O.  a  compound  of  carbon, 
hydrogen,  nitrogen,  and  oxygen.  The  algebraic  sign  of  addition  is 
frequently  used  to  connect  symbols,  as  Cl.+S.,  chloride  of  sulphur  ; 
I  -1-K,,  iodide  of  potassium.  But  I  shall  use  that  sign  only  where  I 
wish  to  express  that  the  bodies  so  connected  are  united  by  an  infe- 
rior degree  of  affinity;  thus  Cl.Ca.  is  chloride  of  calcium  dry,  but 
when  crystallized  it  becomes  Cl.Ca. -f6H.O.,  in  which  the  +  sign  is 
used  to  show  that  the  water  is  united  with  the  Ca.  CI.  by  a  power 
distinct  from,  and  inferior  to,  that  which  retains  Ca.  and  CI.  in  com- 
bination. Water  thus  combined  is  often  represented  by  the  symbol 
Aq.,  for  water  is  capable  of  acting  in  a  variety  of  ways  in  combina- 
tion, and,  as  will  be  shown  when  we  come  to  speak  of  the  chemical 
relations  of  water,  it  requires  to  be  expressed  sometimes  as  H.O.  and 
sometimes  as  Aq. 

But  that  which  requires  special  notice  in  speaking  of  symbolical 
nomenclature  is,  that  it  involves  essentially  the  idea  of  numerical 
relations.  Thus  the  symbols  Pb.  or  Cu.  do  not  call  up  to  the  mind 
of  the  chemist  the  simple  ideas  of  lead  or  copper,  but  of  a  quantity 
of  lead  and  of  a  quantity  of  copper,  in  the  proportion  of  103'6  and 
31'7,  which  is  termed  an  equivalent  of  each.  Thus,  also,  the  sym- 
bol Pb.O.  signifies  not  merely  a  compound  of  lead  and  oxygen,  but 
specially  a  compound  of  an  equivalent  of  lead  and  an  equivale.nt 
of  oxygen,  in  the  proportion  by  weight  of  103-6  of  lead  and  8-0  of 
oxygen.  It  is  thus  that  the  symbol  Pb.Oj,  or  Pb.-|-20.,  which  rep- 
resents also  a  compound  of  lead  witii  oxygen,  shows  to  the  chemist 
that  this  second  body  contains  to  the  same  I03.-6  of  lead  twice  as 
much,  or  16'0  of  oxygen,  as  had  existed  in  the  former.  Pb.O.  is 
therefore  protoxide^  and  Pb.Oi  is  the  peroTide  of  lead. 

The  details  of  the  application  of  those  symbols  involve  thus  the 
numerical  laws  of  constitution,  which  have  yet  to  be  described  ;  and 
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hence  it  is  unnecessary  to  develop  their  arrangement  farther  at 
present.  It  was  necessary  to  allude  so  far  to  them  when  speaking 
of  nomenclature,  as  I  may  have  occasion  to  introduce  some  of  them 
in  a  general  way  in  the  nest  chapter. 


CHAPTER   VI. 


OF   CHEMICAL 


The  peculiar  power  by  which  we  suppose  chemical  phenomena  to 
be  produced,  is  specially  distinguished  from  cohesion,  and  from  ail 
other  forces  in  nature,  by  exerting  in  the  different  kinds  of  element- 
ary or  compound  substances  various  degrees  of  energy ;  and  by  its 
capability  of  acting  upon  certain  bodies  exclusively,  and  in  prefer- 
ence to  acting  upon  others,  which,  so  far  as  physical  circumatances 
go,  appear  equally  exposed  to  its  effects.  Thus,  if  to  some  liquid 
muriatic  acid  there  be  added  a  mixture  of  lime  and  magnesia,  the 
Jime  will  all  dissolve  in  the  acid  before  any  trace  of  the  magnesia 
■will  be  taken,  up.  If  a  slip  of  iron  be  placed  in  a  cup  of  nitric  acid, 
a  large  quantity  of  deep  red  fumes  is  immediately  expelled  from 
the  acid,  with  an  appearance  of  boiling  or  effervescence ;  and  the 
iron  disappears,  being  taken  up  by  the  liquid  in  place  of  the  sub- 
Btances  which  had  been  expelled.  If  a  slip  of  copper  be  dipped  in 
the  acid,  the  same  effect  is  produced;  but  if  the  iron  and  copper  be 
left  together  in  the  acid,  no  action  takes  place  upon  the  copper  until 
the  iron  shall  have  been  totally  dissolved.  The  miiriatic  acid,  there- 
fore, presented  equally  to  lime  and  magnesia,  combines  with  the 
lime  in  preference,  and  the  nitric  acid  takes  up  copper,  giving  off, 
to  make  room  for  it,  a  quantity  of  gaseous  elements  (nitrous  acid 
fumes)  it  had  previously  contamed ;  but  it  will  take  iron  in  prefer- 
ence to  copper,  if  the  two  be  presented  to  it  at  the  same  time. 
Chemical  affinity  is  therefore  elective  ;  it  chooses  among  a  variety 
of  bodies  which  it  will  act  upon,  and  is  thus  different  from  cohesion 
or  gravity,  which  will  act,  upon  all  bodies  equally  exposed  to  their 
influence  at  the  same  time. 

In  the  example  of  the  metal  and  nitric  acid,  there  is  involved  a 
second  phenomenon,  which,  equally  with  elective  afiinity,  is  char- 
acteristic of  chemical  force.  It  is  decomposition.  The  copper  can- 
not dissolve  in  the  nitric  acid  without  the  expulsion  of  another  sub 
stance.  By  a  simpler  example,  the  decomposition  may  be  rendered 
-more  evident.  Sulphuret  of  hydrogen  consists  of  sulphur  and  hy- 
drogen ;  if  it  be  brought  into  contact  with  iodine,  the  iodine  expels 
the  sulphur  and  takes  the  hydrogen ;  the  sulphuret  of  hydrogen  is 
decomposed,  and  a  new  body,  iodide  of  hydrogen,  is  formed.  Here 
the  hydrogen  chose  between  iodine  and  sulphur,  and  preferred  the 
former :  the  greater  affinity  for  the  iodine  caosed  the  decomposition. 
Hydrogen  has,  however,  a  still  more  decided  tendency  to  combine 
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with  chlorine  i  and  if  chlorine  be  brought  into  contact  with  iodide 
of  hydrogen,  the  iodine  is  in  its  turn  expelled,  and  chloride  of  hy- 
drogen facmed.  Here  is  a  series  of  decompositions  depending  on 
the  relative  power  of  the  affinities  of  chlorine,  iodine,  and  sulphur 
for  the  one  body,  hydrogen;  Thus,  by  the  elective  affinity  of  an 
uneombined  body,  choosing  among  a  variety  of  other  bodies  ali 
equally  uncombioed,  there  is  produced  a  new  combination,  contain- 
ing that  for  which  its  affinity  was  strongest.  But  when  an  uncom 
bined  body  is  put  in  contact  with  two  substances  already  united,  it 
tends  to  separate  them,  to  combine  with  one  and  to  set  the  other 
free. 

If  we  could  combine  any  one  body,  as  hydrogen,  for  example,  ' 
with  every  other  of  the  simple  substances,  we  might,  by  such  ex- 
periments as  those  described  with  the  sulphuret  of  hydrogen,  iodine, 
mid  chlorine,  obtain  an  idea  of  the  exact  order  of  intensity  of  the 
affinity  of  each  of  them  for  hydrogen,  and  could  easily  represent, 
under  a  tabular  form,  such  an  idea.  This  has  accordingly  been  tried, 
and  was,  indeed,  the  result  of  the  first  sound  ideas  of  the  nature  of 
chemical  affinity  which  were  obtained.  It  was  not  done  completely 
in  any  case,  for  even  at  present  our  knowledge  is  not  sufficient  to 
enable  us  to  form  a  series,  including  all  the  simple  bodies.  It  was 
particularly  in  the  chemistry  of  the  salts  that  the  benefit  of  this 
principle  was  found,  and  it  was  to  explain  and  predict  the  result  of 
the  decomposition  of  salts  that  tables  of  the  elective,  affinity  were 
constructed. 

It  has  been  stated  that,  if  lime  and  magnesia  be  placed  together 
in  contact  with  muriatic  acid,  the  acid  will  dissolve  all  Ihe  lime  be- 
fore it  acts  upon  the  magnesia ;  the  affinity  of  lime  for  muriatic  acid 
is  therefore  greater  than  that  of  magnesia  for  the  same  acid,  and 
hence,  if  to  a  solution  of  magnesia  there  be  lime  added,  the  mag- 
nesia will  be  expelled  and  the  lime  will  take  its  place.  If  to  the 
lime  solution  of  soda  be  added,  the  lime  will  separate,  and  soda  may 
be  in  turn  expelled  by  potash.  On  the  other  hand,  there  are  many 
metallic  oxides  which  enjoy  a  still  more  feeble  affinity  than  magne- 
sia i  thus,  if  to  a  solution  containing  oxide  of  iron,  magnesia  be 
added,  the  oxide  of  iron  is  thrown  down  and  the  magnesia  taken  in 
its  place.  In  this  manner  may  be  arranged  a  series  of  compounds, 
consisting  of  different  bases,  in  union  with  the  same  acid  ;  and  by 
observing  the  order  of  decomposition  by  each  other,  a  view  of  the 
relative  affinities  which  they  exercise  may  be  fovmed.  If,  also,  a 
series  of  acids  be  combined  with  the  same  base,  a  similar  view  of 
their  relative  affinities  may  be  drawn  up.  Thus,  when  a  solution 
of  potash  is  exposed  to  the  oir,  it  absorbs  carbonic  acid,  for  which, 
therefore,  the  potash  has  an  affinity  of  a  certain  energy ;  on  adding 
acetic  acid,  the  carbonic  acid  is  expeiled,  and  acetate  of  potash 
formed;  on  adding  nitric  acid,  the  acetic  acid  is  expelled  from  it, 
and  nitrate  of  potash  formed  ;  and  from  this,  by  means  of  sulphuric 
acid,  the  nitric  acid  may  be  recovered,  the  potash  remaining  in  the 
state  of  sulphate. 

The  results  so  described  may  be  exhibited  as  follows,  by  writing 
in  a  column  the  names  of  the  different  acids,  in  the  order  of  their 
affinities  for  a  certain  base  (soda),  which  is  placed  at  top.     Similarly 
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OMPOSITION. 


Sulpharie  acid. 
Witric  acid. 
Muriatic  acitl. 

Carbonic  acid. 


Pota 
Sod: 
Lim 
Magi 

0.  ■■ 


de  of  ir 


For  the  simple  bodies  similar  lists  might  be  constructed  :  thus,  in 
the  same  way  as  the  scries  of  affinities  for  hydrogen  already  noticed, 
a  table  of  affinites  of  the  different  metals  for  oxygen  may  be  drawn 
up  from  observation.  If  to  a  solution  of  nitrate  of  silver,  in  which 
the  silver  is  combined  with  oxygen,  a  globule  of  mercury  be  placed, 
it  dissolves,  and  the  silver  is  set  free.  By  dipping  into  the  solution 
of  nitrate  of  mercury  a  slip  of  copper,  the  raere»ry  is  thrown  down, 
and  the  copper  takes  its  place.  From  the  nitrate  of  copper  the 
metal  may^e  thrown  down  by  lead,  and  the  lead  a^ain  precipitated 
by  a  plate  of  zinc.  The  affinities  of  the  simple  bodies  for  each  other 
may  be  therefore  expressed,  taking  hydrogen  and  oxygen  as  illiis 
trations,  by  the  following  columns: 


Hydrogen. 

Chlorine. 


Sulphu 


Zinc. 

Copper. 
Mercury. 


ine  body  in  the  list  may  expel  all  beJowit  from  c 
viU  itself  be  expelled  by  every  body  below  whic 


Such  is  simple  elective  affinity;  but  it  often  manifests  itself  in  a 
more  complex  form,  as  when  it  acts  among  a  greater  number  of 
bodies  than  three ;  and  by  the  mutual  action  of  two  compound  bod- 
ies, two  new  ones  may  be  formed.  Thus,  when  nitrate  of  lime  is 
decomposed  by  potash,  there  is  simple  decomposition,  and  the  lime 
is  set  free  ;  but  if,  in  place  of  pure  potash,  we  employ  carbonate  of 
potash,  the  result  is  the  formation  of  carbonate  of  lime ;  for  when 
lotash  leaves  the  carbonic  acid  to  go  to  the  n"    ' 


the  potash,  the  carboi 


pies 


i  of  0 


The  nature  of  the 
from  the  figure : 


the  nitric  acid  leaves  the  lime  to  go  t 

acid  and  the  lime,  finding  themselves  it 

unite,  and  precipitate  as  carbonate  of  lii 

composition  may  be  more  cJeurly  showi 

(  Nitric  acid.     Potash.  ) 

(  Lime.  Carbonic  acid.  ^ 

The  bodies  existing  before  mixture  being  composed  ol 

ten  above  one  another,  and  those  formed  by  decomposi 

ing  of  those  which  a      '      ' 


mother 


s  termed  double  decompos 
stated,  the  difference  between  it  and 


'.on.     In  the  c;i.annple  jusi 
mple  decomposition  mav 


b,  Google 


160  DOUBLE     DBCOMPOBITIOK, 

appear  to  have  been  accidental,  the  potash  acting  precise?;'  as  if  it 
bad  been  free,  and  the  lime  and  carbonic  acid  uniting  on!y  because 
they  came  into  contact,  without  any  other  ties,  and  hence  com- 
bined together;  but  the  peculiarity  of  double  decomposition  is, 
that  by  means  of  it^reactionis  may  occur  which  could  not  have 
been  produced  by  simple  affinity,  and  which,  on  the  contrary,  ap- 
pear-to have  been  produced  in  opposition  lo  it.  Thus,  ammonia 
cannot  decompose  nitrate  of  lime  ;  on  the  contrary,  lime  will  take 
nitric  acid  from  ammonia  ;  and  yet,  if  we  mix  a  solution  of  nitrate 
of  lime  and  carbonate  of  ammonia,  they  decompose  each  other, 
and,  by  double  elective  affinity,  there  are  formed  nitrate  of  ammo- 
nia and  carbonate  of  lime.  As  in  the  former  diagram,  the  com- 
pounds, before  and  after  mixture,  are  foujid  arrang'ed  in  the  hori- 
zontal and  vertical  lines  of  the  diagram . 


in  fact,  in  order  to  understand  the  cause  of  such  double  decompo- 
sition, we  must  take  into  account  not  merely  the  affinity  of  the 
ammonia  for  the  nitric  acid,  hut  that  of  the  lime  for  the  carbonic 
acid.  Thus,  if  the  aflinity  of  lime  for  niti;ic  acid  be  represented 
by  80,  and  that  of  ammonia,  foe  nitric  acid  be  represented  by  70, 
the  lime  will  be  the  stronger,  and  can,  when  by  itself,  expel  ammo- 
nia ;  but  if  the  carbonic  acid  intervene,  and  the  affinity  of  lime  for 
carbonic  acid  be  50,  and  of  ammonia  for  the  same  acid  be  30,  then 
decomposition  must  occur  ;  for  the  forces  preventing  decomposi- 
tion are  the  affinities  of  nitric  acid  for  lime,  and  of  carbonic  acid 
for  ammonia;  that  is,  80+30=110;  while  those  tending  to  cause 
decomposition  are  the  affinities  of  nitric  acid  for  ammonia,  and  of 
carbonic  acid  for  lime,  =70f,50  =  120;  the  latter  are  the  more 
powerful,  and  the  constituents  of  the  two  salts  consequently  ex- 
change places.  The  former  affinities  are  termed  the  quiescent,  the 
latter  the  divelleni  affinities ;  and  whenever  the  sum  of  the  divel- 
lent  is  greater  than  that  of  the  quiescent  affinities,  decomposition 

Thus  the  simple  affinity  of  hydrogen  for  sulphur  is  much  greater  than  that  of 
rcereury  for  sulphur,  and  the  affinity  of  mercury  for  chlorine  is  much  greater  than 
its  affinity  for  sijphur ;  and  yet,  on  bringing  ciiloride  of  meroury  into  contact  with 
sulphuret  of  hydrogen,  complete  decomposition  ensues,  chloride  of  hydrogen  and 
Butphuret  of  mercury  being  produced.  In  this  ease,  the  affinity  of  mercury  for 
clilorine  being  SO,  and  fur  sulpliur  being  10;  the  affinity  of  hydrogen  being  for  sul- 
phur J6,  and  for  chJorine  30,  the  result  may  be  shown  as  follows  : 


the  force  producing  decomposition  being  30-\-10— 40,  and  greater  than   those, 
S04-15=35,  which  lend  to  keep  the  elements  ns  they  were. 

Such  are  the  results  of  chemical  affinity  manifesting  itself  in  its 
simple  and  in  its  more  complex  form ;  hence  there  would  appear 
to  be  nothing  more  easy  than  to  determine  the  scale  of  affinities, 
and  to  cQHstruct  a  series  of  tables  in  which  all  existing  substances 
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shoui'ii  litid  iiieh"  place,  and  all  possible  cases  of  chemical  decompo  - 
sitiuii  migbt  be  ibrtlold  with  the  same  accuracy  as  the  Saw  of  grav- 
itation allows  tht)  disturbiog  effects  of  a  new  planet  to  be  calcclated  ; 
but,  uiilortunatejy  lur  tiie  SAmplicity  of  expression  which  the  laws  of 
uhemical  aifinity  woulii  tbiis  assume,  new  and  unexpected  compii- 
cations  arise,  and  embarraT^s  all  cm"  explanations  ;  thus,  if  we  tako 
muriatic  acid,  and  form  a  tauie  of  ihe  affinities  of  bases  for  it,  we 
Khail  find  that  it  is  as  given  m  Jio,  i,  o\iA  constructing  for  sulphuric 
tcid  an  independent  column,  we  shjJl  iItkJ  it  to  be  as  in  No,  i. 


No.  l.-Mur 

siic  Acid: 

^.-..  2.— Sulpha 

Oside  of  silver. 

,  JJarytes. 

Potash. 

Strontia 

Soda. 

Potash 

Barytes. 

Soda. 

Strontia, 

Lime, 

Lime. 

Magnesia. 

Magnesia 

Oxide  of  si 

Here  the  order 

is  quite 

evcrse 

d,  for  oxide  of  silv 

est  base  in  oae  c 

lunm,  is 

then 

eakest  in  the  otbe 

,  the  strong 
and  barytes 
and  strontia,  which  manifest  the  most  intense  affinity  for  sulphuric 
acid,  are  found  but  midway  among  the  bases  arranged  in  order  of 
strength  for  muriatic  acid.  Which  column  must  be  talcen  as  repre* 
senting  the  true  order  of  affinities'!  What  principle  is  there  by 
which  these  conflicting  testimonies  of  experiments  may  be  brought 
to  correspond!  The  answer  is,  that  neither  table  is  exclusively 
correct ;  that  these  lists,  although  showing  the  order  of  decomposi- 
tion, and  thus  exhibiting  to  the  eye,  most  usefully,  the  result  of  a 
great  number  of  experiments,  must  not  be  supposed  as  strictly  show- 
ing to  us  the  order  of  the  affinities  of  these  bodies,  unless  we  apply 
thereto  a  number  of  corrections,  arising  from  those  numerous  and 
important  causes  which  influence  and  disturb  the  simple  action  of 
affinity,  and  frequently  invert  altogether  the  results,  which,  if  unim- 
peded, it  would  have  produced. 

For  the  chemical  action  of  two  bodies  does  not  arise  simply  from 
their  chemical  affinities,  hut  results  from  the  combined  influences  of 
heat,  electricity,  cohesion,  and  other  physical  agencies,  which  fre- 
quently modify  the  chemical  forces  to  a  remarkable  extent.  By  a 
change  of  temperature,  an  affinity  originally  weak  may  be  made  to 
preponderate  over  one  previously  much  stronger ;  by  electrical 
conditions,  the  strongest  and  most  direct  chemical  affinities  maybe 
overcome  ;  according  as  the  cohesion  of  the  acting  bodies  may  pre- 
vail, decompositions,  simple  or  compound,  may  be  produced  in  op- 
posite ways;  and  thus  a  chemical  result  is  not  the  simple  conse- 
quence of  affinity  directly  acting,  but  is  the  resultant  of  a  number 
of  forces  acting  in  different  directions,  and  with  variable  intensities, 
of  which  affinity  is  but  one,  although  that  one  which,  for  our  ob- 
ject, is  the  most  important. 

It  is  indeed  fortunate  lor  the  intelleotnal  progress  of  mankind  that  it  is  so ;  for  on 
the  variability  of  the  iiileasity  with  wliicU  chemical  affinity  may  be  exerted  depends 
the  existence  of  the  infinite  variety  of  organized  and  inorganic  beings  which  people 
and  beautify  this  eanh.  Had  mere  affinity  been  omniiiotent ;  had  those  bodies 
which  attract  each  other  moat  powerftilly  heen  in  all  cases  able  to  combine ;  antf 
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had  there  teen  no  means  nf  dissolving  their  connexion  when  once  formed,  immedi- 
ately on  the  origin  of  our  globe,  those  iKidies  which  have  the  most  powerful  affinities 
would  have  satislied  them  by  entering  into  eternal  anion;  those  next  in  power  would 
BQheequently  have  satished  their  tendencyto  combine,  and  long  since  all  nature  would 
have  been  arranged  into  some  few  chemical  combinations,  the  breakiiig  upof  whieh 
could  not  be  accomplished  by  any  existing  force.  The  complex  changes  of  anunal 
and  vegetable  digestion  and  respimtion  could  not  go  on ;  the  working  of  the  metals, 
thechcmical  arts  of  civilized  life,  could  not  have  been  invented ;  and  llie  planet  which 
we  inhabit  would  have  revolved  in  space  a  barren  and  uninhabitable  ball. 

The  action  of  these  raodifymg  causes  may  be  easily  eshibited  by  one  or  two  ex- 
amples. It  has  been  alrepdy  described  how. a  solution  of  muriate  of  lime  is  decom- 
poMd  by  carbonate  of  ammonia ;  carbonate  of  lime  being  precipitated,  and  muriate 
of  ammonia  remaining  in  the  liquor ;  but  if,  ill  place  of  bringing  these  substances 
into  contact  in  solution,  they  be  brought  to  act  on  each  other  at  a  high  temperature, 
theresult  is 'exactly  the  reverse.  If  muriate  of  ammonia  and  carbonate  of  lime  be 
heated  together  without  water,  carbonate  of  ammonia  is  found  to  be  sublimed,  and 
muriate  of  lime  remains  behind.  If  watery  vapour  be  brought  into  contact  with  me- 
tallic iron  heated  to  bright  redness,  it  is  decomposed,  one  of  its  constituents,  oxygen, 
comhitiing  with  the  hon,  tlie  other,  hydrogen,  being  set  free ;  here  evidently  the  af- 
finity of  iron  for  oij^en  is  greater  than  that  of  hydrogen.  But  if  oxide  of  iron  be 
heated  to  redness  also,  and  hydrogen  gas  be  passed  over  it,  the  oxygen  is  totally  re- 
moved by  the  hydrogen  '  h  t  f  ter,  and  metallic  iron  is  set  free ;  here  tlie 
Order  of  affinity  is  esa  nd  we  shall  soon  discover  the  cause  to 

which  it  must  be  attrib 

The  philosopher  wl  o  fi  d  1  red  that  the  order  of  decomposi- 
tion was  not  the  o  d  f  aftin  y  and  pointed  out  the  importance 
of  attending  to  the      h      f  hat  modify  it,  ivas  led  by  his  ob- 

servations to  asser  1  h  p  er  to  which  we  have  attached  bo 
much  importance,    1  fin   y,  had  no  real  existence;  he  said 

that  chemical  union  differed  from  mechanical  cohesion  only  in  being 
exerted  between  the  particles  of  different  substances,  and  that  in  all 
cases  where  certain  bodies  combined  in  preference  to  others,  the 
source  was  to  be  found  in  the  accidental  and  external  circumstances. 
On  his  ideas,  the  force  by  which  the  particles  of  a  fragment  of  sul- 
phate of  soda  are  united,  differs  from  the  force  by  which  the  sulphu- 
ric acid  is  united  to  the  soda  only  in  the  fact  that  the  cohesion 
unites  particles  of  the  same  kind,  while  affinity  unites  particles  of 
different  kinds.  A  salt  dissolved  in  water  is  thus  held  in  solution, 
by  chemical  attraction.  Two  pieces  of  lead  which  adhere  together 
are  retained  by  mechanical  cohesion  ;  but  if  a  piece  of  lead  adhere 
to  a  piece  of  tin,  or  a  drop  of  water  to  a  surface  of  glass  or  metal, 
the  union  should  be  attributed  to  chemical  affinity.  It  will  be  seen 
hereafter  that  a  great  deal  of  this  peculiarity  of  view  arose  from  the 
principle  of  indefinite  chemical  combination,  which,  although  sup- 
ported by  the  amazing  talents  of  Berthollet,  has  been  finally  and  to- 
tally given  up.  We  do  not  now  consider  such  phenomena  as  solu- 
tion to  be  produced  by  chemical  affinity,  for  we  require  that  a  chem- 
ical compound  should  have  parted  with  the  properties  of  its  constit- 
uents, and  acquired  peculiar  properties  of  its  own,  in  order  to  prove 
its  title  to  the  name. 

But  it  is  still  by  no  means  easy  to  fix  upon  the  limits  beyond 
which  the  change  of  properties  must  pass.  A  change  of  state  of  ag- 
gregation is  one  of  the  most  common  evidences  of  chemical  combi- 
nation, as  where  muriatic  acid  and  ammonia,  both  gases,  become  sol- 
id; oxygen  and  hydrogen,  both  gases,  become  liquid;  water  and 
bichloride  of  tin,  both  liquid,  become  solid,  and  innumerable  other 
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cases.  The  prodHction  of  heat,  and  often  light,  is  one  of  the  most 
universal  attributes  of  chemical  action;  and  hence  for  many  ages 
the  explanation  of  the  phenomena  of  combustion  included  all  that 
was  of  importance  in  the  philosophy  of  chemistry.  A  change  of 
volume  is  also  very  frequent,  though  not  so  universal;  and  conse- 
quent on  this  change  of  volume,  a  change,  generally  an  increase,  of 
the  specific  gravity  of  the  body  from  the  mean  specific  gravity  of  il  s 
constituents ;  thus,  when  oxygen  and  nitrogen  unite  to  form  nitrous 
oside,  the  volume  of  the  compound  is  but  ^  of  that  of  the  mixed 
constituents  ;  when  nitrogen  and  hydrogen  unite  to  form  ammonia, 
the  resulting  volume  is  but  ^  of  that  of  the  gases  mixed  before  com- 
bining ;  if  100  volumes  of  alcohol  be  mised  with  100  volumes  of 
water,  the  mixture  will  occupy  but  196  volumes;  and  on  mixing 
similar  quantities  of  water  and  oil  of  vitriol,  the  resulting  volume  is 
but  185.  Change  of  colour  also  frequently  occurs :  hut  in  all  ihese 
cases,  although  such  marked  results  indicate  an  intimacy  of  union 
that  can  scarcely  be  explained  by  mere  cohesion,  yet  other  physical 
forces  may  intervene,  and  in  addition  to  the  evidence  of  chemical 
action  already  stated,  the  most  important  andnecessary  still  remains, 
change  of  chemical  properties. 

I  have  on  several  occasions  mentioned  change  of  properties  as 
characteristic  of  chemical  combination,  but  it  may  be  proper  here 
to  enter  into  a  few  detailed  examples  of  its  nature  and  its  source 
Chemical  affinity  is  not  a  single  force,  giving  to  all  bodies  within 
its  influence  the  same  properties,  though  it  may  be  in  different  de- 
grees. On  the  contrary,  the  power  which  confers  upon  bodies  their 
chemical  properties  is  of  two  kinds,  antagonistic  to  each  other,  and 
such  that,  by  acting  with  equal  energies,  their  efTects  are  mutually 
destroyed.  Gravity,  in  acting  upon  bodies,  acts  upon  all  bodies  in 
the  same  manner;  the  molecular  forces,  which  determine  the  hard- 
ness, the  ductility,  the  solid,  or  liquid  condition  of  bodies,  may  make 
one  body  more  or  less  hard  or  ductile  than  another,  or  they  may 
render  one  body  solid  and  another  gaseous  ;  but  it  is  not  in  the  na- 
ture of  cohesive  forces  to  render  the  hardness  of  one  body  opposite 
to  the  hardness  of  another,  so  that  together  they  sliall  produce  soft- 
ness. Yet  such  is  the  nature  of  the  sources  of  chemical  activity; 
thus  sulphuric  acid  and  soda  are  actuated  by  affinities  for  each  oth- 
er ;  the  same  force  which  gives  to  them  their  tendency  to  combine, 
gives  to  one  the  properties  of  an  intense  acid,  and  to  the  other  the 
character  of  a  powerful  alkali;  ye't  these  forces  are  so  peculiarly 
related  to  each  other,  that,  when  the  bodies  have  combined,  the 
acid  and  the  alkaline  properties  disappear,  and  there  results  a  sub- 
stance, formed  by  their  union  (Glauber's  salt),  innocent,  inactive, 
with  little  tendency  to  combine,  destitute  of  chemical  affinity  for 
other  bodies,  yet  containing  in  itself  constituents  which  may  be 
again  set  free,  and  exhibited  with  all  their  active  properties. 

The  force  of  chemical  affinity  is  therefore  exerted  only  between 
bodies  possessing  opposite  qualities,  and  by  their  union  a  substance 
is  produced  possessi^  qualities  which  are  not  the  mixed  qualities 
of  its  components.  The  forces  which  produce  cohesion  and  solu- 
tion are  found  most  active  where  the  resemblance  between  the 
bodies  is  most  complete.     Thus  metals  adhere  most  powerfully  to 
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Other  metals,  and  for  their  solution,  merciiry,  a  liquid  metal,  can 
alone  be  used  ;  salts  dissolve  in  water  always  most  easily  when  they 
show  their  resemblance  to  it  hy  already  containing  water  of  crystal- 
iizatiou  in  their  mass ;  inflammable  bodies,  as  sulphur  and  phospho- 
rus, do  not  dissolve  in  water,  nor  in  acids,  but  in  liquids,  themselves 
inflammable,  as  ether,  snlphwret  of  carbon,  and  the  oils ;  camphor, 
the  resins,  the  fatty' matters,  require  also,. for  their  solution,  fluid 
menstrua  of  analogous,  oily,  and  spirituous  natures.  It  is  the  con- 
trary with  chemical  combination;  the  more  complete  the  opposition 
of  properties  may  be;  the  more  intense  ia  the  affinity  by  virtue  of 
which  combination  is  effected:  a  metal  combines  with  oxygen  or 
chlorine  :  ether,  or  a  metallic  oxide,  combines  with  the  acids  to  form 
salts.  In  all  these  cases  the  opposition  of  properties  is  the  cause 
of  the  chemical  affinity,  and  the  neutralization  or  change  of  proper- 
ties is  its  effect.  Thus  the  gases,  ammonia,  and  muriatic  acid,  a, 
caustic  alkali,  and  an  intense  acid,  form  the  solid  sal  ammoniac,  a 
neutral  salt,  destitute  of  the  active  properties  of  its  constituents: 
thus  carbon,  hydrogen,  and  nitrogen,  elements  of  our  daily  food, 
combine  to  gexierate  the  most  active  poison  that  has  been  found, 
the  prussic  acid  ;  and  this  prussie  acid,  by  farther  combination  with 
oxide  of  iron  and  with  potash,  may  generate  a  yellow  salt,  which 
is  perfectly  without  action  on  the  living  body,  and  which,  under  the 
name  of  ferro-prussiate  of  potash,  is  of  daily  extensive  employment 
in  the  arts. 

The  elements  which,  mixed  together,  constitute  our  atmospheric 
tir,  combined  in  one  proportion,  form  a  gas  which,  when  breathed, 
produces  agreeable  intoxication  (nitrons  oxide)  j  in  otlier  propor- 
tions, a  deep  orange-coloured  gas  (nitrous  acid),  which,  by  intense 
cold,  may  be  obtained  liquid ;  and  in  an  intermediate  form,  a  gas 
colourless  and  transparent  (nitric  oxide),  which,  when  mixed  with 
air,  produces,  by  combining  with  its  oxygen,  the  nitrous  acid.  In 
all  these  cases  new  properties  are  assumed,  the  characters  of  the 
constituent  elements  furnishing  no  means  of  predicting  the  proper 
ties  of  the  compound. 

This  clear  distinction  between  chemical  affinity  and  cohesion  was 
not  perceived  by  Berthoilet ;  and  hence,  misled  by  the  supposed 
(existence  of  compounds  which  connected  together  the  extremes  of 
cheinica!  and  mechanical  force,  he  advanced  the  principle  that  the 
differences  observed  between  them  arose  solely  from  external  cir- 
cumstances. This  principle  has  been  rejected;  but  the  discussion 
to  which  it  was  subjected  showed  the  importance  of  attending  to 
the  influence  which  external  circumstances  really  do  exercise,  and 
which  is  frequently,  in  practice,  more  powerful  than  the  force  of  af- 
finity itself.  It  is  therefore  necessary  to  study  in  detail  the  influ- 
ence of  the  external  physical  agents  upon  chemical  affinity. 

1st.  Influence  of  Cohesion. — A  diminution  of  cohesive  power 
among  the  particles  of  one  body,  allows  those  of  another  to  come 
into  closer  approximation  to  them,  and  favours  the  chemical  action 
of  the  two  bodies.  Thus  the  ancient  chemists  expressed  the  influ- 
ence of  cohesion  by  the  Latin  proverb  :  Corpora  non  agunt  nisi  ainf 
soluta ;  bodies  do  not  act  unless  they  be  dissolved.  And  of  all 
forms  of  matter,  liquidity  is  that  in  which  chemical  action  is  most 
rapid  and  most  energetic, 
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There  Eire  many  instances  of  bodies  acting  on  each  other,  although 
in  the  solid,  form.  Thus,  when  chlorate  of  potash  and  sulphur,  oc 
chlorate  of  potash  and  sulphuret  of  antimony,  are  rubbed  together, 
the  mixture  eKplodes  from  the  rapid  decomposition  which  easues. 
When  fulminate  of  silver,  oc  iodide  of  amidogen,  is  even  slightly 
touched,  detonation  follows.  In  these  cases,  the  original  arrange- 
ment of  particles  must  have  been  soVnstable,  that  the  imperfect  ap- 
proach produced  by  mechanical  mixture,  or  the  slight  change  of  po- 
sition arising  from  a  sudden  shock,  \^as  sufficient  to  causa  a  new 
mode  of  combination.  But,  if  such  cases  as  these  be  considered  as 
exceptions,  we  may  look  upon  solid  bodies  in.  general  as  being  with- 
out chemical  action  on  one  another. 

In  the  gaseous  form  of  matter,  chemical  affinity  appears  to  be 
controlled  and  weakened  by  the  mutual  mechanical  repulsion  of  the 
gaseous  particles.  Thus,  oxygen  and  hydrogen,  bodies  whose  af- 
finities aro  so  strong,  may  remain  in  contact  as  gases  for  an  indefi- 
nite period.  Nitrogen  and  hydrogen  have  no  appavent  tendency  to 
unite  when  mixed.  Hydrogen,  in  the  form  of  a  gas,  is  without  ac- 
tion on  carbon,  or  arsenic,  or  phosphorus,  although  under  other 
citcurastances  it  unites  with  them,  forming  characteristic  bodies, 
In  order  to  obtain  the  full  chemical  action  of  gaseous  bodies,  they 
must  be  brought  into  play  at  the  moment  of  their  being  set  free  or 
formed  ;  in  iheir  nascent  stale,  as  it  is  termed.  It  may  well  be,  that, 
when  water  is  decomposed  and  hydrogen  is  liberated,  there  is  a 
moment  before  the  hydrogen  actually  assumes  the  permanently  elas- 
tic form !  and  being  then,  perhaps,  liquid,  and  in  a  highly  concentra- 
ted condition,  its  affinities  are  manifested  with  extraordinary  force. 
It  is  the  same  with  other  gases ;  they  act  always  witli  their  full 
power  only  in  their  nascent  state. 

The  influence  of  cohesion  in  determining  chemical  action  is, 
however,  of  much  greater  importance  in  another  way,  as  serving, 
upon  the  principles  of  Berthollet,  to  explain  the  anomalous  discord- 
ance between  tliose  experiments  upon  which  the  tables  of  the  affin- 
ities of  bodies  for  each  other  had  been  constructed.  Tims  it  has 
been  shown,  that  in  a  table  of  aflinities  of  the  bases,  oxide  of  silver 
would  appear  to  be  the  strongest  base  if  we  used  muriatic  acid: 
harytes  should  be  looked  upon  as  the  most  powerful  if  sulphuric 
ncid  had  been  employed  ;  while,  if  the  relation  of  the  bases  to  nitric 
acid  were  taken  as  the  standard,  potash  would  be  found  to  excel  the 
others.  In  such  cases,  the  diversity  is  to  be  ascribed  to  the  infiu- 
eoce  of  cohesion;  and  in  all  cases  of  the  mutual  action  of  various 
bodies  in  solution,  the  result  is  found  to  he  the  formation  of  such 
compounds  as  are  least  soluble. 

Let  us  imagine  a  quantity  of  sulphate  of  soda  and  nitrate  of  potash 
to  be  dissolved  in  water.  Each  acid  is  attracted  at  the  same  mo- 
ment by  both  bases,  and  each  base  by  both  acids,  so  that  there  oc- 
curs a  division  of  each  acid  between  the  two  bases,  and  of  each 
base  between  the  two  acids.  There  are  thus  in  solution  sulphate 
of  soda  and  sulphate  of  potash,  nitrate  of  soda  and  nitrate  of  potash ; 
and  while  the  solution  is  dilute,  all  remain  so ;  hut  if  the  liquor  be 
very,  much  concentrated,  the  sulphate  of  potash,  being  a  sparingly 
soluble  salt,  is  deposited  in  crystals,  and  a  new  distribution  takes 
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place  in  the  mother  liquid.  Supposing  all  sulphate  of  potash  re- 
moved, and  that  there  remain  sulphate  of  soda,  nitrate  of  soda,  and, 
nitrate  of  potash,  the  remaining -potash  divides  itself  again  between 
the  acids,  and  a  new  portion  of  sulphate  of  potash  is  formed,  which, 
by  a  new  crystallization,  may  be  separated.  In  this  way,  according 
as  the  evaporation  iscontinued,  new  quantities  of  sulphate  of  potash 
are  consecutively  formed,  until  there  remains  in  solution  neither 
potash  nor  sulphu.ric  acid,  but  on)y  soda  in  combination  with  nitric 
oeid.  Here,  then,  supposing  the  chemical  affinities  of  potash  and 
soda,  of  sulphuric  and  of  nitric  acids,  to  be  exactly  equal,  the  de- 
composition which  actually  occurs,  and  the  manner  in  which  it  real- 
ly takes  place,  are  explained  perfectly  by  the  greater  cohesion  of 
the  sulphate  of  potash,  and  its  consequent  sparing  solubility. 

In  like  manner,  ordinary  hard  water  contains  soda,  muriatic  acid, 
lime,  and  sulphuric  acid.  The  soda  is  certainly  the  stronger  base, 
and  the  sulphuric  the  stronger  acid  ;  and  yet,  on  evaporating  such 
water,  the  salt  which  first  crystallizes  is  sulphate  of  lime ;  and  on 
continuing  the  evaporation,  all  sulphuric  acid  may  be  removed  in 
combination  with  the  lime.  But  the  acids  and  bases  being  divided 
among  one  another  in  solution,  there  coexist  sulphate  of  lime,  sul- 

{ihate  of  soda,  muriate  of  lime,  and  muriate  of  soda.  Bat  when  the 
iquor  is  concentrated,  the  sulphate  of  lime  is  first  deposited,  and  a 
'new  quantity  being  formed,  all  its  constituents  are  eliminated  in 
combination,  precisely  as  the  sulphate  of  potash  was  sepai'ated  in 
the  former  case. 

In  these  instances  the  separation  of  the  least  soluble  ingredients 
took  place  by  degrees,  and,  as  it  were,  artificially  ;  but  if  any  one 
of  the  substances  produced  be  perfectly  insoluble,  it  is  at  once  and 
in.  full  quantity  ejrpelled.  Thus,  when  we  mix  together  solutions  of 
nitrate  of  barytes  and  sulphate  of  soda,  there  is  instant  formation  of 
swiphate  of  barytes,  and  the  solution  contains  only  nitrate  of  soda. 
But  even  here,  although  the  formation  of  the  sulphate  of  barytes  ap- 
pears instantaneous  to  the  senses,  it  yet  may,  in  point  of  fact,  be 
just  as  gradual  as  in  other  cases.  Thus  there  may  have  been  a  mo- 
ment after  mixing  the  solutions  when  there  were  present,  dissolved 
together,  nitrate  of  barytes,  nitrate  of  soda,  sulphate  of  soda,  and 
sulphate  of  barytes ;  in  the  next  moment  the  latter  precipitates,  and 
the  barytes  in  solution,  still  dividing  itself  between  the  two  acids, 
another  quantity  is  formed.  This  then  precipitates,  and  thus,  in  a 
apace  of  time  that  is  too  small  to  be  detected,  the  quantity  of  ba- 
rytes in  the  solution  is  reduced  to  the  mere  tiace  of  sulphate  which 
the  quantity  of  water  can  dissolve,  and  which  is  too  small  to  be  de- 
tected by  OUT  ordinary  tests. 

The  nature  of  double  decomposition  depends  thus  on  the  relative 
solubility  of  the  compounds  formed.  In  whatever  way  the  most  in-- 
soluble  bodies  may  be  generated,  the  decomposition  occurs.  It  is 
thus  that,  on  mixing  solutions  of  carbonate  of  ammonia  and  of  nitrate 
of  lime,  there  are  formed  carbonate  of  lime  and  nitrate  of  ammonia  ; 
not  merely  that  the  divellent  affinities  were  more  powerful  than  the 
quiescent  forces,  but  that  the  insolubility  of  the  carbonate  of  lime 
produced  its  separation  from  the  liquid,  and  hence  the  union  of  the 
Bubstances  which  compose  it 
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The  inversion  of  affinity  wliicli  is  produced  by  the  influence  of 
cohesion  is  not  limited  to  cases  of  double  decomposition.  There 
is  no  doubt  but  that  acetic  acid  is  a  stronger  acid  than  carbonic  acid ; 
and  on  adding  acetic  acid  to  a  solution  of  carbonate  of  potash  in 
water,  the  carbonic  acid  is  expelled,  and  acetate  of  potash  formed. 
Yet,  if  a  stream  of  carbonic  acid  gas  be  passed  into  a  solution  of 
acetate  of  potash  in  alcohol,  the  salt  is  decomposed,  acetic  acid  be- 
ing set  free,  and  carbonate  of  potash  formed.  The  cause  of  this  is 
the  insolubility  of  the  carbonate  of  potash  in  alcohol ;  for,  on  the 
first  action  of  the  carbonic  acid,  the  potash  divides  itself  between 
the  two  acids,  and  there  is  formed  some  carbonate,  which  is  thrown 
down;  thenanotherquaatity,  which  also  separates,  until  ultimately 
all  is  precipitated,  and  thus  one  of  the  feeblest  acids  may  overcome 
the  affinities  of  another  which  is  much  stronger. 

By  thia  principle  of  distribution  of  acids  and  bases,  wc  are  thus 
enabled  to  account  for  a  variety  of  facts,  which  appear  totally  op- 
posed to  affinity,  if  it  were  not  subject  to  such  modifications  ;  but, 
although  it  is  so  convenient  for  explanation,  it  should  not  be  ad- 
mitted as  a  principle  in  science  if  there  could  not  be  adduced  evi- 
dence of  its  actual  and  independent  truth.  That  it  does  occur  in 
many  cases  cannot  well  be  doubted ;  thus  the  solution  of  sulphate 
of  copper  in  water  is  of  a  rich  blue  colour,  and  that  of  muriate 
(chloride)  of  copper  of  an  emerald  green.  Now,  on  mixing,  mu- 
riatic acid  with  a  solution  of  sulphate  of  copper,  the  blue  solution 
is  immediately  changed  to  green,  showing  that  the  weaker  acid  has 
divided  the  oxide  of  copper  with  the  stronger,  although,  so  far 
from  precipitation  occurring,  the  new  compound  is  the  more  solu- 
ble of  the  two.  Also,  on  mixing  a  solution  of  sulphate  of  iron  with 
Eulpbo-cyanii!  acid,  the  liquor  becomes  intensely  blood-red  colour- 
ed, showing  that  a  quantity  of  snlpho-cyanide  of  iron  has  been 
formed,  although  the  sulpho-cyanic  acid  is  much  weaker  than  the 
sulphuric,  and  no  precipitation  occurs  to  favour  its  production. 

These,  and  many  other  such  examples  which  might  be  brought 
forward,  show  that  the  opinion  of  Berthol!et,,that  the  acids  and 
bases,  when  mixed  together  in  solution,  arrange  themselves  so  that 
each  base  shall  be  divided  among  all  the  acids,  and  each  acid  among 
all  the  bases,  is  in  a  great  many  cases  true,  and  that  it  is  one  of  the 
most  fruitful  sources  of  the  decompositions  which  occur  in  our  ex- 
periments ;  but  it  remains  to  be  decided  whether  it  is  univcpsally 
true,  and  whether,  if  all  acids  and  bases  act  thus  equally  on  one 
another,  we  should  abandon  the  idea  of  chemical  affinity  being 

The  answer  to  this  question  has  been  long  since  received  in  sci- 
ence. The  principle  of  BcrthoUet  does  not  hold  always,  for  nu- 
merous instances  may  be  produced  where  this  partition  of  acids  or 
of  bases  does  not  take  place.  Thus  boracic  acid  and  sulphuric 
acid  both  redden  litmus,  but  the  former  colours  it  of  a  port-wine 
colour,  while,  the  latter  tinges  it  of  the  red  of  an  onion-skin.  If  a 
quantity  of  borax  (borate  of  soda)  be  dissolved  in  water  coloured 
blue  by  litmus,  and  some  sulphuric  acid  added  thereto,  the  liquor 
becomes  coloured  wine-red  from  free  boracic  acid;  but,  although 
the  slightest  trace  of  sulphuric  acid  in  excess  would  show  itself  by 
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changing;  the  red  to  iLat  of  the  onion-skin,  no  sign  of  it  is  found 
until  all  the  botacic  acid  has  been  expelled.  Here,  therefore,  there 
is  no  partition  of  the  base  between  two  acids ;  all  the  sniphuric  acid 
which  is  added  nnitea  with  the  soda,  and  all  the  boracic  acid  is  es 
pelled.  If  a  solution  of  carbonate  of  soda  be  coloured  blue  by 
litmus,  and  sulphuric  acid  added,  it  may  also  be  shown,  by  the  ab 
sence  of  the  peculiar  red  which  free  sulphuric  acid  gives,  that  there 
is  no  division  of  base  between  the  two.  The  carbonic  acid  is  to- 
tally expelled,  and  the  salphtiric  acid  combines  exclusively  with  the 
soda.  If  the  solution  be  dilute,  the  carbonic  acid  remains  dissolved 
in  the  liquor ;  if  it  be  concentrated,  it  js  evolved  in  the  gaseous 
form  ;  that  makes  no  difference. 

Affinities  are  not,  therefore,  as  Berthollet  considered,  all  the  same 
in  power.  The  framers  of  the  tables  of  affinity  were  right  as  to 
the  general  principle,  that  diiferent  bodies  have  different  degrees 
of  affinity  for  each  other ;  but  they  erred  in  supposing  that  they 
could  construct  a  table  for  the  absolute  order  of  affinities. 

To  sum  up  the  details  that  have  been  given  of  the  influence  of 
cohesion  on  the  affinities  of  bodies  acting  on  each  other  in  solution, 
.  it  may  be  said  that,  1st,  In  almost  all  cases  of  precipitation,  the  na- 
ture of  the  double  decomposition  is  determined  much  more  by  the 
fact  of  one  of  the  bodies  formed  being  insoluble,  than  by  the  result- 
ant of  the  united  affinities  of  the  bodies  which  are  engaged.  2d, 
That  where  there  is  no  separation  of  an  insoluble  or  of  a  sparingly 
soluble  compound,  the  acids  and  bases,  if  they  differ  very  much  in 
energy,  are  exclusively  united,  the  strongest  aeid  with  the  strong- 
est base,  and  the  weakest  acid  with  the  weakest  base  ;  and  if  there 
be  not  base  sufficient  to  neutralize  all  of  the  acids,  a  corresponding 
quantity  of  the  weakest  acid  being  left  out  of  combination  alto- 
gether ;  but,  3d,  That  if  the  acids  and  bases  be  not  very  different 
in  energy  of  affinity,  they  arrange  themselves  in  such  a  manner 
that  each  base  shad  he  divided  between  all  the  acids,  and  each  acid 
divided  between  all  the  bases,  in  proportions  which  depend  upon 
the  quantities  of  each  acid  and  of  each  base  that  may  be  present, 
and  on  its  affinitary  force.  Thus,  if  there  be  two  acids  and  two 
bases  present,  there  will  be  four  salts ;  if  three  acids  and  three 
bases,  nine  different  salts;  and  generally,  the  number  of  com- 
pounds in  solution  will  be  equal  to  the  whole  number  of  acids  mul- 
tiplied by  the  whole  number  of  bases  present. 

2d.  The  Influence  of  Elasticity. — The  absence  of  cohesion,  or,  still 
more,  the  substitution  for  cohesion  of  its  antagonist  power  repul- 
sion, as  shown  by  the  property  of  elasticity  in  the  form  of  gas  or 
vapour,  modifies  chemical  affinity  in  a  perfectly  analogous  manner 
to  that  which  has  been  already  described;  for,  precisely  as  the 
formation  of  an  insoluble  substance  in  a  liquid  will  enable  lower 
degrees  of  affinity  to  preponderate  by  removing  the  body  which  is 
formed  by  its  insolubility,  so  will  repulsion  or  elasticity  determine 
the  production  of  such  substances  as  by  their  vohitility  may  be 
driven  off,  even  though  the  affinities  of  their  elements  may  be  much 
feebler  than  those  of  other  bodies.  In  all  such  cases  the  same 
principle  of  distribution,  so  fully  described  already,  may  be  suppo- 
sed  to  hold:  thus  a  sglution  of  sulphate  of  mEgnesia  is  perfectly 
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decomposed  by  ammonia,  the  mag-nesia  being  precipitated;  but,  on 
mixing  eulpliate  of  ammonia  with  dry  magnesia,  and  applying  heat, 
the  ammonia  is  expelled,  and  the  sulpharic  acid  remains,  united 
exclusively  with  the  magnesia.  Supposing  that  there  is  little  dif 
ference  between  the  affinities  of  these  two  bases  for  sulphuric  acid, 
the  acid  iij  the  mixture  may  be  divided  between  the  two  5  in.  each 
case  there  is  free  magnesia  and  free  ammonia,  for  the  acid  is  only 
able  to  saturate  a  part  of  each.  In  the  solution  the  excess  of  mag- 
nesia is  insoluble,  and  it  is  expelled  ;  in  the  dry  way  the  excess  ol 
ammonia  is  gaseous,  and  it  is  driven  off;  and  thus,  with  the  same 
substances  and  the  same  afhnities,  precisely  opposite  decomposi- 
tions are  produced  by  the  influence  of  cohesion  and  elasticity. 
The  decomposition  of  muriate  of  lime  by  carbonate  of  ammonia 
in  solution  has  been  already  noticed,  where  carbonate  of  lime  is 
formed  in  consequence  of  its  insolubility.  If  the  carbonate  of 
lime  and  the  muriate  of  ammonia  so  produced  be  dried  and  heated, 
the  precisely  reversed  decomposition  will  take  place  ;  there  are  at 
first  produced  muriate  and  carbonate  of  lime,  muriate  and  carbonate 
of  ammonia ;  and  this  latter,  being  volatile  at  the  high  temperature 
which  is  used,  is  driven  off,  and  new  portions  formed  until  the  in- 
terchange of  elements  is  complete. 

The  boracic  acid  has  been  already  noticed,  as  being  one  so  fee- 
ble in  its  affinities  that  the  law  of  the  division  of  acids  and  bases 
does  not  hold  with  it,  but  that  sulphuric  acid  can  deprive  it  of  every 

fiarticle  of  base.  This  is  quite  true  as  long  as  these  acids  are  in  the 
iquid  form,  but  at  a  high  temperature  the  reaction  is  reversed. 
If  a  mixture  of  sulphate  of  soda  and  boracic  acid  be  heated  to  redness 
in  a  crucible,  the  sulphuric  acid  will  be  driven  off  in  consequence  of 
its  volatility,  while  the  fixed  boracic  acid  will  remain  combined  with 
the  whole  quantity  of  base.  The  while,  inert,  earthy  substance,  sil- 
ica (powdered  flints),  the  acid  j)ropefties  of  which  are  so  feeble 
that  it  is  only  from  analogy  that  it  is  recognised  by  chemists  to  be 
an  acid,  may,  at  a  high  temperature,  expel  the  most  powerful  acids 
from  their  combinations;  thus  the  commonest  sort  of  pottery  is 
glazed  by  throwing  over  it,  when  at  a  bright  red  heat,  handfuls  of 
common  salt ;  this  is  instantly  decomposed ;  the  silica  of  the  earthy 
material  of  the  vessels  combines  with  the  eoda  of  the  common  salt, 
and  the  muriatic  acid  is  driven  off  in  white  clouds  of  elastic  vapour. 
Here  the  acid,  which  is  the  feeblest  when  dissolved  in  water,  may 
expel  the  strongest  when  the  temperature  is  raised ;  and  admitting 
that  in  the  commenoelnent  a  partition  ai  the  base  between  the  two 
took  place,  even  to  a  very  small  extent,  the  final  and  complete  ex- 
pulsion of  the  more  volatile  must  result. 

From  the  great  variety  of  compounds  into  which  water  enters,  it 
is  easily  expelled,  not  that  it  is  inferior  in  nftimty  to  most  other 
bodies,  but  from  its  greater  volatility.  Wo  shall  hereafter  see  reason 
for  looking  upon  water  as  being  a  base  of  considerable  force,  and 
entering  into  combination  in  forms  which  should  possess  consider 
able  stability  ;  but  when  a  compound  of  water  is  subjected  to  heat, 
the  elasticity  of  the  water  diminishes  its  alflnity  so  far  that  it  may 
easily  be  expelled. 
The  elasticity  which  certain  elements  possess  when  free,  may  bi» 
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a  cause  why  the  compounds  which  they  form  are  easily  decomposed 
by  heat,  if  their  actual  affinity  to  one  another  be  not  considerable. 
Thus  the  nitrate  of  barytes,  which  contains  nitrogen  and  oxygen  in 
combination  with  barytes,  gives,  wbea  heated,  a  mixture  of  nitrogea 
and  oxygen  gases  :  nitrate  of  lead  gives,  when  heated,  pure  osygen 
and  nitrous  acid  fumes.  Chlorate  of  potash,  by  a  high  temperature, 
abandons  all  its  oxygen  gas;  and  the  remaining  elements,  having  a 
powerful  affinity  for  each  other,  resist  the  increase  of  heat,  and  re- 
main as  chloride  of  potassium. 

When  the  decomposition  of  a  body  by  heat  is  thus  determined 
by  the  elasticity  of  one  of  its  constituents,  it  is  necessary,  for  the 
success  of  the  process,  that  this  constituent  should  be  allowed  freely 
to  escape.  If  it  be  forced  to  remain  enveloping  the  residual  sub- 
stance, the  idecoroposition  ceases.  Thus,  by  heating  carbonate  of 
lime  to  redness,  it  is  resolved  into  lime  and  carbonic  acid ;  but  if  the 
carbonic  acid  be  not  removed,  the  decomposition  would  immediately 
cease,  and  the  carbonate  of  lime  might  be  melted  without  being  de- 
composed. The  removal  of  the  carbonic  acid  is  accomplished,  in 
burning  lime  on  the  large  scale,  by  the  limestone  being  heated  in  a 
kiln,  through  which  there  is  a  continuous  draught,  by  which  the  car- 
bonic acid  is  carried  off  according  as  it  is  formed.  The  necessity 
for  the  removal  of  the  carbonic  acid  may  be  shown  by  placing  bits 
of  white  marble  in  a  porcelain  tube,  heated  to  redness  in  a  furnace, 
connected  with  a  pneumatic  trongh,  and  fitted  to  a  retort  at  the  other 
end,  by  which  steam  may  be  passed  into  the  tube  ;  at  first  scarcely 
any  carbonic  acid  is  set  free  ;  but,  by  keeping  up  a  supply  of  steam, 
the  gas  is  rapidly  produced,  and  the  lime  becomes  very  soon  com- 
pletely caustic. 

It  is  in  this  way,  also,  that  we  may  explain  the  contrary  order  of 
decomposition  that  may  be  produced  by  oxygen,  hydrogen,  and  iron. 
If  metallitfiron  be  in  the  tube,  and  the  latter  be  kept  full  of  steam, 
every  particle  of  hydrogen  which  is  formed  is  carried  off;  and  there 
being  then  a^space  provided  into  which  the  hydrogen  can  easily 
spread  itself,  the  steam  will  be  decomposed,  and  the  iron  converted 
into  oxide.  Ify  on  the  contrary,  the  tube  contain  oxide  of  iron,  and 
be  kept  full  by  a  current  of  hydrogen  gas,  there  is  presented  to 
every  molecule  of  steam  produced  room  for  its  escape  ;  and  the 
formation  of  steam  being  thus  favoured  by  its  elasticity  being  al- 
lowed full  play,  the  reduction  of  the  metal  is  completed. 

Independent  of  its  influence  on  cohesion,  a  change  of  tempera- 
tare  is  capable  of  modifying  the  affinities  of  bodies  in  a  remarkable 
degree.  Thus  charcoal  is  not  capable  of  being  melted  or  vaporized, 
and  yet,  although  at  ordinary  temperatures  quite  inert,  few  bodies 
can  resist  its  deoxidizing  action  at  a  red  heat.  Bodies  which  take 
fire  when  heated  do  so  in  consequence  of  their  affinity  for  oxygen 
being  augmented  by  the  increase  of  temperature.  The  action  of  the 
electric  spark  in  producing  the  explosion  of  gaseous  mixtures,  de- 
pends on  its  heating  very  much  the  few  particles  of  gas  which  lie 
immediately  in  its  path,  and  the  combustion  being  communicated 
by  them  to  the  general  mass.  The  affinities  of  bodies  for  each  other 
appear  to  be  thus  exalted  by  the  agency  of  boat  in  many  cases,  but 
tile  exaltation  does  not  appear  to  be  the  same  for  all.     Heat  appears 
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often  to  diminish  the  affinity  of  bodies;  thws  the  explosion  of  de 
tonating  compounds  was  so  explained;  but  this  appears  to  arise 
from  the  heat  really  exaltiug  tte  affinity  of  the  more  powerful  con- 
stituents, so  that  new  and  more  permanent  bodies  may  be  formed ; 
thus  fulminating  silver  explodes,  not  that  its  elements  may  separate, 
but  that  bodies  of  a  more  permanent  constitution  may  be  formed 
The  iodide  and  chloride  of  azote  were  looked  upon  as  being  exam- 
ples of  mere  separation  of  elements  on  the  application  of  heat ;  hut 
Marchand  and  1  have  found  that  these  bodies  contain  hydrogen,  and 
that  they  are  decomposed  in  cousec[uence  of  the  formation  of  hy- 
drochloric or  hydriodJc  acid.  To  produce  many  bodies  of  instable 
nature,  it  is  necessary  to  avoid  the  use  of  heat ;  not  tliat  heat  dimin- 
ishes the  affinities  of  their  elements  in  general,  but  fliat  the  heat 
.  enables  those  elements  to  satisfy  their  affinities  better,  by  combining 
in  a  more  stable  form. 

It  has  been  mentioned  that  Berthollet  consiciered  affinity  as  be- 
ing not  elective,  but  that  the  combination  of  one  body  to  another 
was  determined  by  the  circumstances  under  which  they  were  placed ; 
and  that,  in  cases  where  many  bodies  of  equal  solubilities  existed 
together,  they  were  divided  among  one  another  in  proportion  to 
their  masses ;  but  he  in  this  case  introduces  a  term  which  has  caused 
great  difficulty  in  the  discussion  of  the  doctrines  which  he  advanced. 
He  says  that  the  bodies  mixed  together  combine,  not  only  ia  pro- 
portion to  tbeir  masses,  bat  of  their  affinities  ;  and  hence'  might  ap- 
pear to  admit  that  bodies  had  different  degrees  of  affinity,  and  that 
this  might,  therefore,  be  elective ;  but,  if  I  conceive  his  opinions 
rightly,  the  affinity  of  which  he  spoke  was  not  the  force  to  which 
we  assign  tbe  power  of  choice  of  one  body  over  another,  but  he  car- 
ried on  the  analogy  to  cohesion,  and  considered  that  the  affinity  of 
one  body,  A,  to  another,  B,  might  be  greater  than  to  a  third,  0,  not 
so  as  to  make  A  unite  with  B  in  preference  to  C,  but  th&t,  when  it 
had  been  united  wilh  B,  it  would  hold  it  more  firmly  than  it  could 
retain  C.  This  is  like  what  is  found  with  cohesion  ;  if  several 
bodies  be  placed  beside  each  other,  they  show  no  power  of  elective 
cohesion  ;  bat  if  they  be  brought  into  actual  close  contact,  the  decree 
of  cohesion  may  be  different  for  each.  It  is  in  this  way  that  Ber- 
thollet recognises  a  difference  of  affinity,  and  hence  tbe  obscurity 
that  is  often  ascribed  to  his  statement  of  his  views,  from  tbe  sense 
which  he  attached  to  the  word  affinity  being  mistaken. 

"We  owe  to  this  philosopher  aa  attempt  at  measurine  this  jiower  of  affinity, 
which,  tlio'jgli  incorrect,  yet,  aa  being  one  of  the  firat  steps  made  towards  aumeri- 
cat  laws  in  chemistry,  deserves  notice.  He  looked  upon  the  neutrslizing  power  of 
a  body  as  being  the  measure  of  its  affinity  for  another,  and  considered  that  the  de- 
viations from  this  rule  arose  from  the  influence  of  cohesion  or  of  elasticity :  thus 
the  same  quantity  of  potash  is  saturated  by 

Sulpfi'jric  acid    ...    40  parts.     I     Muriatic  acid   .    .     .     36-5  parts. 
Nitric  acid     ....     54     "  Acetic  acic       ...    51        " 

Carbonic  acid     ...     23      "        |     Oxalic  acid      ...     36        " 

Hence,  if  mere  affinity  was  allowed  to  act,  carbonic  acid  should  be  the  strongest, 
and  nitric  acid  the  weakest  in  the  list ;  in  like  manner,  the  same  quantity  of  sut 
pharie  acid  neutralizes 

Potash 48  parts.     (    Lime 38  parts. 

Sc-ia 33      "  Bavytes 76      ■' 

Ammonia 17      "         |     Magnesia 18      " 
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and  ammonia  and  magnesia  sliould  be  the  strongest  of  all  biises,  warn  it  not  for 
the  insoliibility  of  the  one  and  tile  volatility  of  the  other  bodj. 

These  numbeis,  which  are  now  known  as  expressing  the  quantities  of  substan- 
ces that  are  equivalent  to  each  other  in  combination,  are  fully  recognised  as  totally 
independent  of  the  force  of  affinity  exercised  by  each  body.  As  jet  we  have  no 
other  measnre  of  affinity  than  the  order  of  decomposition,  controlled  by  the  esti- 
mate of  the  influence  which  cohesion  and  elasticity  may  exercise.  From  the 
electrical  relations  of  bodies,  attempts  have  been  made  to  estimate  the  relative 
affinities  of  chemical  substances,  the  results  of  wliioh  will  be  described  in  their 
proper  place. 

Of  the  Ififluence  of  Light  on  Chemical  ^finity. — Although  atteDtion 
has  latterly  been  very  much  directed  to  the  influence  of  light  on 
chefiiical  affinity,  from  the  accidental  discovery  of  some  very  re- 
markable circumstaaces  connected  with  it,  yet  there  have  not  been 
discovered  as  yet  any  general  principles  to  which  those  results  can  be 
reduced ;  and  the  greater  number  of  the  investigations  that  have  been 
made  are  occupied  by  experiments  of  detail,  which,  from  their  want 
of  connexion  and  their  multiplicity,  cannot  he  successfully  contem- 
plated from  any  general  point  of  view  at  the  present  moment.  So 
far,  however,  as  positive  facts  have  been  discovered,  and  as  even 
plausible  explanations  of  those  facts  have  been  suggested,  I  shall  en- 
deavour to  represent,  briefly,  the  actual  condition  of  our  knowledge 
of  this  department. 

In  many  cases,  bodies  which  in  obscurity  remain  totally  without 
action  on  one  another,  are  brought  into  combination  by  exposure  to 
light,  and  the  rapidity  of  their  reaction  is  proportional  to  the  brilliancy 
of  the  light.  Tlius  chlorine  and  hydrogen  mixed  remain  wnahered 
for  any  period  in  the  dark ;  if  exposed  to  the  diffuse  daylight,  they 
silently  combine,  hut  explode  suddenly  if  a  direct  ray  of-  sunshine 
fall  upon  the  mixture.  Chlorine  dissolved  in  water,  if  kept  in  the 
dark,  remains  a  long  time  unaltered,  but  if  exposed  to  sunshine,  is 
rapidly  converted  into  chloride  of  hydrogen,  water  being  decompo- 
sed, and  oxj'gen  eliminated  in  a  gaseous  form.  Chlorine  unites  with 
carhonic  oxide  only  under  the  influence  of  light,  whence  the  name 
Phosgene,  a  h'ghtformed  gas,  was  given  to  the  compound  by-ita  dis- 
coverer, Dr.  Davy.  Chlorine  and  sulphurous  acid  unite  also  only 
when  exposed  to  brilliant  sunshine ;  so  much  so,  that  in  Dublin  but 
few  days  in  summer  ave  found  bright  enough  to  form  it.  The  de- 
composing action  of  chlorine,  iodine,  and  bromine  upon  organic 
bodies,  which  consists  in  the  separation  of  hydrogen,  and  the  as- 
sumption generally  of  a  corresponding  quantity  of  chlorine,  &c.,  in 
its  place,  is  regulated  also  in  a  remarkable  degree  by  the  brilliancy 
of  the  tight  under  which  this  operation  is  carried  on.  Thus,  even 
in  summer,  in  Dublin,  I  never  could  deprive  acetone  of  more  than 
one  third  of  its  hydrogen,  forming  from  Cj  H,  0.,  the  bodyCjHjC]. 
0. ;  but  in  Paris,  in  summer,  the  chlorine  removed  another  equiva. 
)ent  of  hydrogen,  and  Dumas  and  I  succeeded  in  obtaining  the  body 
Cj  H.  Clj  0.  In.  like  manner,  in  bright  sunshine,  the  action  of 
chlorine  on  pyroxylic  spirit  is  so  violent,  that  unless  the  vessel  be 
carefully  shaded,  the  decomposition  proceeds  by  a  series  of  explo- 
sions, while  I  have  found  it  exceedingly  difficult  in  gloomy  weather 
to  produce  any  action  whatsoever.  Instances  of  this  kind  might  bo 
very  much  multiplied,  but  those  described  are  sufficient  to  point  out 
the  genera!  manner  in  which  light  is  found  to  act. 
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The  action  of  light  appears  occasionally  limited  to  the  simple 
Beparafion  of  bodies  previously  combined.  Thus  colourless  nitric 
acid,  when  exposed  to  sunshine,  evolves  oxygen  gas,  and  becomes 
coloured  yellow  from  nitrous  acid  which  remains.  The  fading  of 
Prussian-blue  patterns  on  cotton,  which  Chevreul  found  to  depend 
on  the  escape  of  cyanogen,  and  the  conversion  of  the  blue  into  a 
white  compound',  containing  less  cyanogen,  is  also  an  example  of  this 
principle. 

Setting  aside,  for  the  present,  the  influence  of  light  on  the  pro- 
duction of  colouring  matters  in  organic  bodies,  which  will  be  de- 
scribed as  a  portion  of  the  chemical  history  of  the  individual  sub- 
stances, I  shall  now  only  advert  to  the  action  of  light  upon  the  com- 
pounds of  the  easily-reducible  metals,  particularly  silver,  by  the  study 
of  which  such, remarkable  results  have  latterly  been  obtained. 

Scanlan  first  showed  that,  when  nitrate  of  silver  blackens  under 
the  influence  of  light,  its  decomposition  is  produced  by  organic 
matter,  as  by  contact  with  paper,  or  by  the  organic  substance,  which 
even  distilled  water  contains  in  small  quantity.  Chloride  of  silver 
also  is  affected  by  light  only  when  in  contact  with  organic  matter  or 
with  water,  and  in  the  latter  case,  also,  most  probably  from  acting  on 
the  organic  matter  which  the  \vater  held  in  solution.  When  oil  of 
vitriol  is  poured  over  chloride  of  silver,  this  is  not  altered  by  the 
light,  the  sulphuric  acid  combining  with  the  water,  and  probably  de- 
stroying the  organic  matter  therein  dissolved.  I  apprehend  that  in 
most,  if  not  all  cases  of  the  decomposition  of  a  metallic  salt  and  the 
reduction  of  the  metal  under  the  influence  of  light,  a  substance  con- 
taining hydrogen,  exclusive  of  the  water  of  solution,  must  come  into 
play. 

The  decomposition,  of  the  salts  of  silver  in  contact  with  paper 
under  the  influence  of  light,  has  become  of  interest  to  the  arts  as  a 
process  of  obtaining  accurate  outlines,  and  is  called  pkotBgraphy,  or 

('holographic  draioim.  If  a  sheet  of  paper  be  washed  with  a  very  di- 
ute  solution  of  chloride,  iodide,  or,  better,  bromide  of  potassium, 
and  then  with  a  solution  of  nitrate  of  silver,  there  is  formed  in  the 
substance  of  the  paper  chloride  iodide,  or  bromide  of  silver,  which, 
being  in  contact  with  abundance'of  organic  matter,  is  blackened  by 
a  very  short  exposure  even  to  moderate  light.  If  an  opaque  body 
be  laid  between  a  sheet  of  such  paper  and  the  light,  the  portions  to 
which  the  light  arrives  become  dark,  while  that  under  the  object  re- 
mains white,  and  thus  the  most  "'delicate  and  complicated  outlines  of 
foliage  or  fibres  may,  by  a  few  minutes'  exposure  to  the  solar  rays, 
be  fised  upon  the  paper  with  a  degree  of  accuracy  inimitable  by  the 
hand.  To  render  such  a  drawing  permanent,  it  is  necessary  to  re- 
move the  silver  compound  under  the  pattern ;  for  if  it  remained,  the 
blackness  would  gradually  become  uniform  over  the  entire  surface, 
and  the  picture  would  be  effaced.  This  is  effected  by  washing  the 
paper,  after  the  image  has  been  completely  formed,  by  a  solution  of 
some  substance  capable  of  dissolving  out  all  of  the  undecomposed 
salt  of  silver  ;  for  this  purpose,  ammonia,  hypo-sulphite  of  soda,  and 
strong  solution  of  common  salt  are  those  generally  employed. 

The  most  remarkable  features  connected  with  the  chemical  agen- 
cies of  light  result  from  the  recent  espcriraents  of  Hersche!.     He 
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has  shown,  as  was  slightly  noticed  when  describing  the  general  char- 
acters of  iight,  that  tbe  chemical  effects  are  not  regulated  by,  nor 
iimited  to  the  luminous  spectrum,  hut  by  totally  distinct  rays,  which, 
according  to  the  substance  emplojied  to  show  their  decomposing  ac- 
tion, may  extend  far  beyond  the  visible  limits  on  either  side,  or  may 
stop  short  in  the  middle  of  the  coloured  space  ;  and  that  the  greatest 
effect,  which  generally  occurs  at  the  violet  extrerriity  of  the  sptctrttm, 
may  be  produced  at  other  and  widely- distant  points. 

A  singular,  and  at  present  unaccountable,  consequence  of  the  ac- 
tion of  the  prismatic  spectrum  on  paper  impregnated  with  chloride 
of  silver  is,  that  the  spaces  on  which  the  coloured  rays  fall  become 
coloured,  acquiring  a  tint  corresponding  to  that  of  the  light  incident 
npon  them,  so  that  the  spectrum  fixes  its  own  image  on.  the  paper- 
Thus  the  colours  impressed  were  in  one  experiment: 


Sp^,ru.,ci™.- 

Extreme  red. 

None. 

Mean  red. 

None. 

Orange. 

Faint  brick  red. 

Orange  jeilow. 

Brick  red,  pretty  strong. 

y^ellow. 

lied,  passing  into  grecii. 

raiaw  green. 

Dull  bottle  green. 

Green. 

Do.,  passing  into  bluish. 

Bine  green. 

Very  sombra  blue. 

Blue. 

Black,  passing  into  metailie  yellow. 

Violet. 

Do.            Do- 

Beyond  the  violet 

Violet,  or  purplish  black. 

It  is  in  the  lavender- coloured  space  that  the  chemical  effects  are 
generally  most  intense  ;  wheij  the  light  of  it  had  been  concentrated 
by  a  lens,  and  received  on  a  piece  of  prepared  paper,  the  blacken- 
ing was  instantaneous,  precisely  as  if  a  red-hot  body  had  been  ap- 
plied behind,  or  a  smoky  flame  directed  on  the  paper  over  «11  the 
space  illuminated,  and  accurately  marking  its  outline. 

In  the  table  of  impressed  colours  just  g'»en,  the  red  rays  appear 
to  have  produced  no  effect ;  but  they  are  by  no  means  destitute  of 
action.  When  a  quantity  of  diffused  light  is  allowed  to  fall  upon 
the  paper,  in  addition  to  the  more  brilliant  spectral  colours,  the 
chemical  image  is  found  to  acquire  a  pure  white  prolongation  be- 
yond the  red  space,  in  which  the  darkening  action  of  the  diffuse 
light  appears  to  have  been  suspended.  The  opposite  extremities  of 
the  spectrum  appear,  therefore,  to  have  different  powers,  the  dark- 
ening quality  of  white  light  being  due  to  the  difference  between  the 
two  in  favour  of  the  violet  end  ;  and  it  is  probable  that  by  a  balance 
of  action,  a  sensitive  paper  might  be  exposed  to  the  action  of  united 
beams  of  brilliant  violet  and  red  light,  and  remain  perfectly  unalter- 
ed in  its  colour.  Herschel  did  not,  however,  succeed  so  far  :  paper 
blackened  by  violet  light  has  that  blackness  removed  by  the  action 
of  red  light  upon  it;  but  it  was  found  impossible  to  catch  the  point 
where  the  paper  should  be  white  ;  for,  according  as  the  black  of  tha 
violet  end  passed  off,  the  red  impression  was  substituted  for  it. 
When,  however,  the  different  coloured  rays  were  made  to  fall  si- 
multaneously on  the  paper,  the  neutralizing  power  of  the  opposite 
ends  of  the  spectrum  was  beautifully  shown.  The  blackening  pow- 
er of  tbe  more  refrangible  rays  was  suspended  over  all  the  space 
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upon  which  the  less  refrangible  rays  fell,  and  the  shades  of  green 
and.  sombre  blue,  which  the  latter  would  have  impressed  upon  a 
white  paper,  were  produced  on  that  portion  which,  hut  for  their 
action,  would  have  been  merely  blackened. 

The  paper  with  which  those  results  were  obtained  derived  its 
sensibility  to  light  from  chloride  of  silver ;  but  the  action  of  other 
salts  of  silver  gives  such  anomalous  and  variable  effects,  that  no 
general  principle  whatsoever  can  be  deduced  from  them ;  thus, 
with  bromide  of  silver,  the  blackening  proceeds  uniformly  over  the 
whole  of  the  visible  spectrum,  and  the  whitening  effect  is  produced 
beyond  it  to  a  considerable  distance.  The  subject  has  been  shown 
by  Herschel  to  be  one  of  considerable  importance  and  great  extent ; 
and  from  the  popular  interest  it  excites,  some  clew  to  a  more  gen- 
eral knowledge  of  its  principles  will  probably  be  soon  obtained. 

The  process  lately  discovered  by  Daguerre,  of  fixing  the  images 
of  external  objects  upon  a  prepared  metallic  plale,  is  one  which  also 
deserves  attention,  as  being  founded  upon  the  chemical  agencies  of 
light,  although  hitherto  there  has  beea  but  little  success  in  the  at- 
tempts made  to  assign  a  theory  of  it.  It  is  not  complicated  in  de- 
tail. A  plate  of  Slivered  copper  is  cleaned  with  dilute  nitric  acid, 
so  that  the  surface  of  silver  may  be  absolutely  pure,  and  is  then  ex- 
posed to  the  vapour  of  iodine  until  a  gold-coloured  pellicle  of  iodine 
of  excessive  tenuity  is  deposited  upon  it.  In  this  state  it  is  very 
sensible  to  light.  The  plate  so  prepared  is  placed  in  a  camera-ob- 
scura,  and  the  image  of  the  object  requited  is  allowed  to  temaiii  on 
it  for  a  space  of  time,  which  varies  with  the  brightness  of  the  light. 
When  it  has  been  sufficiently  exposed,  it  is  removed,  and  submit- 
ted to  the  action  of  the  vapour  of  mercury,  by  which  the  picture  is 
rendered  visible.  As  there  still  remains,  however,  a  general  sensi- 
bii  ty  to  the  farther  influence  of  light,  this  is  removed  by  dissolving 
a  vay  all  the  iodine  and  iodide  of  silver  by  a  solution  of  hyposul. 
pi  te  of  soda.  The  shadows  remain  then  marked  by  smooth  amal- 
ga  ed  surfaces,  and  the  lights,  by  the  corresponding  portions  be- 
ing of  a  dull  gray  colour,  possessing  only  a  power  of  dilluse  reflec- 
tion. 

The  explanation  of  this  process,  which,  from  ray  own  ohservations,  I  am  disposed 
to  suggest,  )3,  that  the  iodme  combines  with  the  silver,  and  forms  iodide  of  silver, 
which  is  spread  in  an  amorphous  state,  forming  an  exceBsively  thin  layer,  like  var- 
nish, over  the  sarface  of  the  plate.  Under  the  intlueoce  of  the  light,  I  consider  that  this 
'     '         u-  does,  but  so  minutely  as  to  be  invisible  to  the  eje,  and 


tbe  closeness  and  completeness  of  the  crystalline  stnictnre  being  proporti 
duration  and  intensity  of  the  light  to  which  it  had  been  exposed.  When,  then,  (lie 
vapour  of  mercury  attaeks  the  plate,  the  iodide  of  silver  in  both  conditions  is  de- 
composed, and  the  iodine  being  replaced  by  mercury,  an  amalgam  of  silver  is  form- 
ed, uniform  in  surface,  and  perfectly  metallic  in  its  lustre,  over  the  shaded  portions ; 
bnt  the  crystalline  io'dide,  in  being  decomposed,  gives  a  crystalline  amalgam,  which, 
fi^m  the  minuteness  of  its  partides,  presents  ooly  a  grayish  tint,  and,  being  mixed 
with  interspersed  points  of  bright,  smooth  amalgam  where  the  light  had  been  less 
poweriltl,  shaiies  offproportionaUj'  all  the  intermediate  effects. 

The  application  of  the  mercurial  fumes  cannot  be  pushed  far  enough  to  decom- 
pose all  the  iodide  of  silver,  for  it  would  injure  the  picture  by  depositing  itself  irreg- 
ularly and  in  excess.  It  is  therefore  necessary,  as  soon  as  enough  has  been  acted 
on  by  the  mercury  to  bring  out  the  picture  in  a  djstmct  manner,  to  remove  the  re- 
mainder by  the  washing  ivliich  has  been  described. 

The  influence  of  colour  on  the  production  of  pictures  by  Da- 
guerre's  process  is  very  marked  ;  the  images  of  green  objects  are 
■  scarcely  at  all  defined,  so  that  the  method  is  scarcely  applicable  to 
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taking  landscapes.  Red  and  orange  are  also  very  feeble  in  their  ef 
feet  ;  but  blue,  even  so  intense  as  to  be  not  at  all  bright,  is  more 
powerful  thaa  a  brilliant  white  light.  In  order,  therefore,  to  produce 
good  effects,  objects  should  be  selected  either  while,  or  of  colours 
from  which  red  and'orange  should  bo  absent.  The  fixation  of  col- 
ours in  a  manner  similar  to  that  discovered  by  Hcrschel,  and  already 
noticed,  has  been  remarked  in  Daguerie's  process,  although  so  ir- 
regularly that  no  advantage  has  as  yet  been  taken  of  it  for  technical 
uses ;  but  I  have  myself  seen,  on  more  than  one  occasion,  where  a 
deep  blue  sky  was  interspersed  by  patches  of  bright  white  clouds, 
a  perfect  picture  of  the  sky  in  its  natural  colours  to  be  formed  upon 
the  plate.  Time-worn  stains,  and  marks  upon  the  surface  of  stone 
buildings,  are  alsti  oceasionally  represented  in  their  natural  colours. 
In  the  majority  of  cases,  however,  where  colours  are  produced  upon 
the  plate,  they  do  not  correspond  in  position  or  tint  to  those  of  the 
natural  objects  whose  image  had  been  obtained. 

[Since  the  preceding  paragraphs  were  written  by  Dr.  Kane,  nu- 
merous improvements  have  been  made  in  this  beautiful  chemical 
art  in  America  and  elsewhere:  the  theory  of  the  process  is  also 
much  better  understood.  The  most  important  of  these  improve- 
ments is  the  application  of  Dagucrre's  process  to  taking  portraits 
from  the  life.  This  is  due  to  Dr.  Draper,  who  succeeded  with  it 
soon  after  the  French  process  was  known  in  this  conntry.  At  first 
the  direct  or  reflected  rays  of  the  sun  were  required ;  but  modes  of 
preparation,  giving  the  plate  more  sensitiveness,  have  been  since  dis- 
covered, so  that  the  ordinary  diffused  light  of  day  is  now  sufficient. 

The  best  process  for  obtaining  portraits  is  as  follows :  The  plate, 
having  been  carefully  cleaned,  is  iodized  to  a  pale  lemon  colour ;  it 
is  then  exposed  to  the  vapour  of  bromine  for  a  sufficient  length  of 
time  to  bring  it  to  a  golden  yellow.  It  is  a  great  advantage  to  keep 
it  in  total  darkness  for  three  or  four  hours  before  using  it.  The 
person  whose  portrait  is  to  be  taken,  having  been  seated  in  a  suita- 
ble chair,  with  a  support  to  keep  the  head  perfectly  steady,  before  a 
window,  so  that  the  light  shall  illuminate  all  those  portions  seen  in 
the  camera  with  proper  strength,  the  plate  is  to  be  exposed  to  the 
focal  image  for  a  time,  which  may  be  determined  by  previous  trials. 

Much  of  the  beauty  of  the  picture  depends  on  the  object  glass  of 
the  camera ;  very  good  proofs  may  be  had  by  an  arrangement  of 
uncompensated  convex  lenses  four  inches  in  diameter  and  eight 
inches  in  foens ;  but  the  most  finished  pictures  are  obtained  by  the 
use  of  achromatics,  which  ought  always  to  be  preferred. 

The  pvocesa  of  exposing  the  proof  to  the  mercurial  vapour  is  one 
of  great  delicacy  ;  sometimes  the  object  is  suddenly  evolved,  some- 
times it  requires  the  mercury  to  be  maintained  at  115°  Fahrenheit 
for  a  long  time.  Experience  alone  can  determine  when  the  full  ef- 
fect has  been  obtained. 

After  the  picture  has  been  brought  out,  and  the  coating  of  iodide 
of  silver  removed,  it  remains  only  to  effect  the  gilding.  This  is  ac- 
complished by  pouring  all  over  the  silver  surface  a  very  weak  solu- 
tion of  the  chloride  of  gold  in  hyposulphite  of  potash,  and  warming 
it  gently  with  the  flame  of  a  spirit-lamp.  At  a  particular  tempera- 
nre,  the  shadows  increase  in  depth  and  the  lights  in  brillancy  ;  the 
plate  is  then  to  be  thoroughly  washed.     The  gilding  serves  to  render 
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the  picture  immovable  by  ordinary  exposure  or  accident,  and  im- 
parts to  it  a  beautiful  satiny  lustre,  and  chatoyant  play  of  colour. 

The  great  difficulty  in  the  management  of  the  Daguerreotype  lies 
in  the  circumstacce  that  the  iodide  of  silver  is  not  affected  corre- 
spondingly by  lights  that  are  of  different  degrees  of  brilliancy,  if 
they  should  be  of  different  colours.  And  it  is  only  under  particular 
circumstances,  not  easy  to  reproduce,  that  lights  of  the  same  colour, 
but  of  different  strengths,  produce  a  corresponding  degree  of  white- 
ness on  the  plate.  Often,  whtn  the  light  is  too  active,  the  proof 
takes  on  an  unpleasant  alnte-blue  colour,  from  the  exterior  portions 
of  the  iodide  assuming  a  state  of  solarization  before  those  beneath 
have  had  time  to  undergo  change ;  a  phenomenon  resembling  what 
takes  place  when  a  sheet  of  paper  is  held  before  a  very  bright  fire, 
the  exposed  surface  becoming  scorched,  while  the  back  has  scarce- 
ly had  time  to  become  warm. 

As  respects  the  theory  of  this  process,  I  do  not  coincide  with  the 
views  expressed  by  Dr.  Kane.  5n  the  shadows  no  mercury  exists; 
the  lights  are  an  amalgam.  When  a  Daguerreotype  is  exposed  to 
tlie  vapour  of  mercury  to  bring  out  its  picture,  a  decomposition  of 
all  those  portions  of  the  iodide  which  have  been  exposed  to  the 
light  ensues  ;  an  amalgam  is  formed,  and  the  iodine  expelled  unites 
with  the  metallic  silver  behind,  effecting,  therefore,  a  corrosion  of 
the  plate;  no  iodine  is  evolved,  and  for  obvious  reasons  such  an 
event  is  impossible.  The  light  therefore  imparts  to  those  portions 
of  iodide  on  which  it  has  impinged,  the  quality  of  being  decomposed 
at  a  lower  temperature  by  the  vapour  of  mercury  than  the  temper- 
ature at  which  an  unexposed  iodide  can  be  decomposed;  an  amal- 
gam therefore  forms  on  such  positions  when  the  temperature  does 
not  rise  beyond  175"  F.,  though  the  whole  surface  might  be  decom- 
posed and  whitened  if  the  temperature  were  carried  high  enough. 

The  chemical  rays  which  affect  the  iodide  of  silver  are  chiefly 
those  of  high  refrangibility,  and  these  rays  manifest  many  habitudes 
resembling  those  of  radiant  heat.  They  are  absorbed  and  lost  in 
effecting  the  change,  so  that  a  ray  of  light  which  has  once  fallen 
on  a  Daguerreotype  plate,  and  is  reflected  by  it,  has  lost  all  its  activ- 
ity. Whatever,  therefore,  will  interfere  with  the  absorption,  will  in- 
terfere with  the  sensitiveness  of  different  compounds.  Thus  it  has 
long  been  known  that  there  is  a  proper  colour  to  which  the  plate 
may  be  brought  when  it  possesses  the  maximum  of  sensitiveness: 
this  is  the  golden  yellow ;  when  it  is  red,  or  green,  or  blue,  it  is 
much  less  sensitive  ;  and  when  of  a  lavender  colour,  hardly  sensitive 
at  all.  This  arises  from  the  circumstance  that  under  these  condi- 
tions the  optical  character  of  the  plate  is  such  that  it  reflects  the 
active  rays  in  pan  or  altogether. 

I  have  already  remarked  that  lights  which  vary  in  intensity  do 
not  affect  these  plates  in  a  corresponding  way ;  this  arises  from  the 
circumstance  that,  as  the  iodide  of  silver  is  undergoing  change,  a 
large  quantity  of  light  becomes  latent,  precisely  as  a  piece  of  ice  in 
the  act  of  melting  absorbs  a  large  ([uantity  of  heat,  not  discoverable 
by  the  thermometer;  this  phenomenon  accompanies  the  bhienesa 
which  the  compound  assumes  as  it  chauges  into  the  condition  of  a 
subiodide.] 
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CHAPTER  VII. 

OF    THE    LIGHT    AND    HEAT    DISENGAGED    DURING    CHEMICAL    COMBIHATIOW. 

It  has  been  already  noticed  that  the  union  of  substances  having 
chemical  affinity  for  each  otiier  is  accompanied  by  increase  of  tem- 
perature ;  and  in  cases  where  the  affinity  is  powerful,  the  effect  may 
be  so  great  that  the  bodies  shal)  become  luminous :  in  such  instances 
the  chemical  action  is  said  to  be  accompanied  by  combustion.  In  con- 
sidering the  relations  of  this  phenomenon  to  affinity,  it  will  be  ne- 
cessary to  notice,  first,  the  general  circumstances  of  combustion; 
secondly,  the  relation  between  the  amount  of  affinity  and  the  quan- 
tity of  heat  evolved;  and,  finally,  the  explanations  that  have  been 
offered  of  the  orig-in  of  the  light  and  heat. 

In  ordinary  language,  a  body  is  said  to  burn  when  its  elements 
unite  with  the  oxygen  of  the  air,  and  form  new  products.  The  ac- 
companying phenomena  are  in  general  those  on  which  popular  at- 
tention becomes  fixed,  and  for  which  the  process  is  generally  car 
ried  on  ;  and  hence,  to  the  world  at  large,  combustion  is  of  impor- 
tance only  as  a  source  of  heat  and  light.  One  of  the  bodies,  as  hy- 
drogen or  sulphur,  is  termed  the  burning  or  combustible  body,  and 
the  oxygen  is  said  to  be  the  supporter  of  combustion  ;  but  this  Ian 
guage,  although  convenient  for  common  use,  is  incorrect  as  a  scien- 
tific expression  ;  for  oxygen  may  be  burned  in  a  vessel  of  hydrogen, 
as  well  as  hydrogen  may  be  burned  in  a  vessel  of  oxygen  gas,  the 
one  and  the  other  being  equally  active  in  the  process,  and  being  re- 
lated to  each  other  in  every  way  alike.  In  eomhustion,  as,  indeed, 
in  all  cases  of  combination,  no  particle  of  matter  becomes  lost  or 
annihilated  ;  it  assumes  new  forms,  in  general  gaseous  and  invisible 
to  the  eye  of  popular  observation,  but  easily  collected,  weighed, 
and  analyzed  by  the  means  that  chemistry  possesses.  The  solid 
coal  or  wood  which  burns  to  ashes,  changes  but  its  external  aspect ; 
mixing  with  the  general  mass  of  air  under  the  form  of  carbonic  acid 
gas  and  watery  vapour,  its  elements  become  the  food  of  living  plants, 
which  in  their  turn,  cut  down  or  fossilized,  form  to  succeeding  ages 
the  stores  of  light  and  warmth  such  as  we  now  enjoy. 

There  are  but  few  bodies  endowed  with  so  great  nn  affinity  for 
oxygen  as  to  enter  into  combustion  at  ordinary  temperatures  by 
contact  with  it.  If  they  do  combine  at  ordinary  temperatures 
with  oxygen,  the  products  are  not  those  which  combustion  would 
tend  to  generate,  but  a  distinct  class  of  substances,  containing  a 
smaller  proportion  of  oxygen  combined.  Thus  nitric  oxide  gas 
combines  with  oxygen,  even  when  quite  cold,  forming  red  fumes 
of  nitrous  acid  gas,  which  is  an  inferior  degree  of  oxidation. 
Phosphorus,  when  burning  at  common  temperatures,  emits  but 
little  li^ht,  and  forms  phosphorous  acid  ;  if  it  be  heated,  it  bursts 
into  brilliant  flame,  and  forms  phosphoric  acid,  which  contains 
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|ths  more  oxygen.  Potassium  combines  at  common  temperature 
with  oxygen,  forming  potash )  but  when  heated  it  hurne  with  flame, 
and  combines  with  three  times  as  much  ojygeu.  In  the  complete 
combustion  of  organic  matters,  the  products  are  always  water  and 
carbonic  acid.  Thus,  woody  fibre,  which  is  C.H.O,,  combines  with 
20.  to  form  CO,  and  H.O. ;  and  alcohol,  which  is  QH^O.,  combines 
with  60.  to  form  2(C.0j)  and  3(H.O.).  But  at  common  tempera- 
tures the  slow  oxidizemcut  of  woody  fibre  produces  the  black  ve- 
getable mould,  a  form  of  ulmine,  the  C.H.O.  taking;  O.  to  form  C.H.O;. 
At  eoinmon  temperatures  alcohol  becomes  acetic  acid,  the  CjHaO. 
combining  with  20.  to  form  C^HjOj  and  H.O.  The  pyroxylic  spirit 
at  common  temperatures  becomes,  by  slow  combustion,  formic  acid, 
CMfi,  taking  0^  to  form  CH^O^  and  2(H.O.). 

This  slow  combustion  produces  heat,  although  so  much  less  than 
is  evolved  by  the  more  rapid  process  that  it  may  easily  be  over- 
looked. But  if  a  number  of  sticks  of  phosphorus  be  laid  together 
and  allowed  to  oxidize,  they  will  warm  each  other  so  much  aa  to 
melt  and  burst  into  vivid  flame.  The  oils  and  tallow,  if  there  be  a 
large  surface  exposed  to  the  air,  as  when  cotton  or  linen  rags  im 
bibed  in  oil  lie  in  a  heap,  combine  so  rapidly  with  oxygen  aa  to 
form  a  sort  of  resin,  that  by  the  heat  evolved  the  mass  will  be  aet 
on  fire  I  and  h^nce  the  origin  of  those  spontaneous  fires,  so  called, 
which  consumed  the  naval  arsenal  at  St.  Petersburgh,  and,  in  many 
caaea,  cotton-mills  in  England.  To  this  cause  also  may  be  ascribed 
the  light  which  issues  from  points  in  the  surface  of  a  marsh  or  bog, 
and  the  luminous  appearance  which  fish  assumes  when,  decomposi- 
tion has  just  commenced.  The  energy  of  this  slow  combustion 
may  be  much  increased  by  heat  applied  below  the  point  which  pro- 
duces rapid  action  :  thus  tallow,  when  heated  below  redness,  burns 
with  a  pale  lambent  flame,  invisible  in  daylight,  but  still  so  marked 
that,  if  it  be  plunged  into  a  vessel  of  oxygen,  the  whole  mass  bursts 
into  brilliant  combustion,  forming  then  the  ultimate  products,  wa- 
ter and  carbonic  acid. 

On  this  fact  of  the  increased  energy  in  the  process  of  alow  com- 
bustion produced  by  a  heat  below  that  at  which  the  body  is  in- 
flamed, is  founded  the  construction  of  the  lamp  without  flame,  or 
the  apklogislic  lamp.  If  a  wine-glass  he  taken,  and  rinsed  inside 
with  atrong  alcohol  or  ether,  and  then  a  coil  of  fine  platina  wire, 
or  a  ball  of  spong\  plalmi  heited  to  redness,  bo  suspended  in  the 
middle  of  the  gla==  jt  will  remain  red  until  all  the  alcohol  or  ether 
has.  been  exhiusted  The  glass  becomes  filled  with  a  mixture  of 
air  and  mflamraable  vapour,  which,  by  the  influence  of  the  heated 
platina,  is  enabled  to  combme,  and  form  acetic  and  formic  acids. 
By  this  combination  heat  is  evolved,  which  prevents  the  cooling  of 
the  wire  or  ball,  and  thus,  as  long  as  any  combuatibte  material  re- 
mains, the  platina  is  kept  ijuited  The  platina  ball  or  wire  aiay 
also  be  {and  in  piactice  geneiall^  is)  fixed  over  the  wick  of  a  spirit- 
lamp,  and  the  lamp  haung  been  ignited,  is  blown  out  as  soon  as  the 
platina  has  become  red,  which  then  continues  to  glow  until  the  lamp 
has  been  emptied  of  the  spirit,  the  latter  ascending  through  the 
capillary  wick,  and  forming  over  its  top  a  little  explosive  atmo- 
sphere, in  which  the  ball  of  platina  is  immersed  and  works. 
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This  property  of  platina  appears  to  depend  on  the  power  which 
it  possesses  of  attracting  to  its  surface  in  a  condensed  form  a  layer 
of  particles  of  whatever  gaseous  mixture  it  is  immersed  in.  Hence, 
if  its  surface  is  in  the  slightest  degree  soiled,  it  ceases  to  exert  this 
action  ;  and  by  increasing  ihe  surface,  its  energy  may  be  augmented 
in  a  remarkable  degree.  The  form  in  which  it  is  most  powerful  is 
that  of  the  slightly  coherent  spongy  mass,  obtained  by  reducing  at 
a  full  red  heat  the  ammonia  chloride  of  platinum  ;  if  a  ball  of  the 
metai  so  prepared  be  plunged  into  a  vessel  of  oxygen  and  hydrogen, 
mixed  in  suitable  proportions  to  form  water,  the  gases  instantly  ex- 
plode ;  for  tilt  oxygen  and  hydrogen,  being  absorbed  by  the  spongy 
platina,  are  brought  into  intimate  contact  upon  its  surface,  and  unite, 
evolving  so  muck  heat  as  to  raise  the  temperature  of  the  platina 
ball  to  redness,  and  thereby  inflame  the  remaining  gas.  The  action 
of  the  spongy  platina  may  be  weakened  by  mixing  it  with  some  pipe- 
clay, or  using,  as  in  the  aphlogistic  lamp,  the  platina  in  the  form  of 
plate  or  wire.  In  this  way  all  combustible  gases  may  be  caused  to 
combine  gradually  with  oxygen,  but  fhey  ref|uire  different  temper- 
atures, and  the  action  is  modified  by  the  presence  of  other  gases 
in  a  manner  which  is  often  taken  advantage  of  in  gaseous  analysis. 
The  most  remarkable  application  of  this  property  is  to  procure 
instantaneous  light  by  means  of  the  hydrogen  gas 
lamp.  A  vessel,  /,  contains  dilute  sulphuric  acid,  into 
which  the  tube  of  the  vessel  g  h  dips  nearly  to  the  bot- 
m,  having  attached  a  piece  of  ordinary  zinc,  e.  The 
issels  being  ground  air-tight  where  they  fit  to  one 
lother,  when  the  stopcock  b  is  closed,  and  the  acid 
n  the  zinc,  the  hydrogen  evolved  cannot  escape, 
and,  pressing  on  the  liquid  in  f,  forces  it  up  into  A, 
until  the  acid  falling  below  the  level  of  the  zinc,  the 
action  ceases.  To  the  stopcock  b  is  attached  a  jet, 
c,  in  front  of  which  is  fixed  a  ball  of  spongy  platina,  a, 
which,  being  in  the  air,  has  always  coodensed  in  its  pores  a  quantity 
of  oxygen  gas;  on  opening  the  stop-cock,  the  hydrogen,  issuing 
from  the  jet,  strikes  upon  the  platinum,  and  combining  with  the  ox- 
ygen, heals  the  ball  so  highly  that  it  inflames  the  jet  of  gas,  and 
thus  affords  a  flame  at  which  any  other  substance  may  be  lighted. 
This  lamp  has  assumed  a  variety  of  forms,  of  which  the  above  is 
that  which  best  shows  its  principle.  All  bodies  possess  this  prop- 
erty to  a  slight  extent,  particularly  when  hot ;  but  in  none  is  it  ac- 
tive enough  to  be  usefully  applied,  except  in  platinum. 

The  temperatures  at  which  bodies  enter  into  rapid  combustion 
are  very  various;  thus  phosphorus  inflames  at  a  temperature  of 
120^  F.,  and  sulphur  at  300"'  F.  Phosphuretted  hydrogen  gas  in- 
flames at  all  ordinary  temperatures,  while  hydrogen  requires  a  dull 
red,  and  carburettea  hydrogen  a  bright  red  heat  before  they  will 
take  fire.  The  inflammability  of  phosphorus  has  been  shown  by 
Graham  to  be  affected  by  the  presence  of  small  quantities  of  various 
substances  in  a  very  curious  manner  ;  thus  phosphorus  may  be  sub- 
limed in  air  saturated  with  vapour  of  oil  of  turpentine,  without  any 
tendency  to  combustion,  or  combination  with  oxygen,  being  evinced. 
Combustion  occurs  only  at  the  point  where  the  two  substances 
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which  enter  into  union  are  in  contact.  Thus,  in  an  ordinary  flame, 
the  true  combustion  is  limited  to  a  thin  sheet,  the  inside  of  which 
is  totally  dark,  and  occupied  by  the  combustible  material  of  the 
burning  body  in  a  state  of  gas.  This  is  easily  shown  by  holding 
over  the  flame  of  a  candle  or  a  spirit-lamp  a  piece  of  wire  gauze : 
the  burning  sheet  is  marked  by  a  ring  of  light,  but  the  interior  is 
dark,  although  full  of  inflammable  vapour,  which  passes  through  «n- 
inflamed,  and  may  be  ignited  on  the  opposite  side  of  the  gauze.  In 
the  flame  of  an  ordinary  candle,  a,  four  distinct  portions  may  be  ob- 
served, having  totally  distinct  constitutions;  at  the  base 
of  the  flame,  i  »,  a  pale,  blue-coloured  light  is  emitted,  for 
there  the  air  is  in  excess,  and  the  combustion  is  at  once  , 
complete;  higher  up,  from  it  to  c,  the  combustible  material 
is  in  excess,  and  the  most  brilliant  light  is  produced  by  the 
active  combination  ;  this  portion  is  surrounded  by  a  sheet 
of  much  paler  and  yellower  light,  e  e,  which  is  observable 
particularly  at  the  sides  of  the  flame,  while  the  inside  of 
the  flame,  o,  remains  completely  black,  and  is  occupied  only 
by  vapour  incapable  of  burning  from  having  no  access  to 
the  external  air.  The  light  emitted  arises  also  from  the 
circumstances  of  the  combination;  the  temperature  ■ 
all  cases  exceedingly  high,  although  often  but  little  luminous,  for 
it  is  found  that  a  current  of  air  hot  enough  to  brilliantly  ignite  a 
solid  body,  is  itself  not  at  all  incandescent.  Hence,  in  all  cases 
where  bright  light  is  produced  in  combustion,  one  of  the  bodies  en- 
gaged must  be  solid,  and  the  light  is  really  derived  from  its  becom- 
ing ignited.  Thus  hydrogen  and  siilphur  give,  in  burning,  very  little 
light,  because  the  one  is  a  gas,  and  the  other,  when  burning,  is  in. 
the  state  of  vapour,  and  the  products  of  combustion  are,  when  form- 
ed, in  both  cases  gaseous.  Phosphorus,  when  it,  in  burning,  forms 
a  volatile  body,  gives  but  little  light,  but  when  it  forms  a  fixed  prod- 
uct, is  one  of  the  most  brilliant  instances  of  combustion.  Iron  and 
zinc,  which  form  solid  oxides,  burn  with  great  light,  and  carbon,  al- 
though forming  a  gas,  being  itself  solid,  produces  light  also.  In  the 
case  of  a  candle,  the  source  of  light  is  to  be  found  in  the  decompo- 
sition which  the  inflammable  vapour  inside  of  the  flame  undergoes 
from  the  high  temperature  to  which  it  is  subjected ;  one  half  of  its 
carbon  is  deposited  in  the  solid  form,  forming  smoke,  and  it  is  this 
smoke  which,  becoming  ignited,  constitutes  the  great  source  of 
light.  A  body  which  could  not  form  smoke,  could  not  give  out 
much  light  in  burning.  The  separation  of  this  carbon  (soot)  in  the 
flame  may  easily  be  shown  by  placing  over  the  flame  of  the  caudle 
a  sheet  of  wire  gauze  :  below  the  middle  of  the  luminous  space  the 
flame  becomes  dull,  and  the  carbon,  which  in  burning  should  have 
rendered  it  brilliant,  passes  as  smoke  through  the  gauze,  and  may 
be  inflamed  above  ;  when  the  supply  of  air  is  insufficient,  this  smoke 
is  not  completely  burned,  and  a  corresponding  quantity  of  heating 
and  lighting  material  is  lost ;  and  as  it  carries  off"  with  it  a  great 
quantity  of  the  heat  already  formed,  it  actually  cools  the  flame. 
When,  therefore,  a  high  temperature,  or  a  clear  flame  without  smoke 
is  required,  all  the  carbon  must  he  consumed.  This  is  eflected  by 
;i,  variety  of  contrivances:  in- the  burner  of  the  Argand  lamp  or  gas 
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jet  a  lurrent  of  air  i-,  established  through  the  centre  of  the  flame, 
and  thw^  tlie  comhusiion  of  the  inflammable  vapour  much  accelera- 
ted, in  the  flame  of  the  blowpipe  the  same  effect  is  produced  by 
the  cinent  ol  air  fiom  the  bellows  or  the  mouth  ;  and  on  a  large 
ecaie  by  the  numerous  wajs  of  burning  smoke,  so  necessary  in  fac- 
tories situated  in  large  ciiies  In  the  employment  of  the  blowpipe, 
the  constitution  ol  the  flame  is  of  great  importance ;  for  according 
as  the  body  to  be  heated  is  placed  at  b,  where  the 
\\  o\_,  gen  ol  the  air  preponderates,  or  between  a  and 

^jpvjTjj;,^   b,  nheie  it  is  immersed  in  an  atmosphere  of  iniiam- 
jjg^  mible  mateiial  the  most  opposite  efiects  of  violent 

HlHJ  oxidation  and  of  reduction  from  the  state  of  oxide, 

IHI  inij    be  proiuced.     Thus  a  glass   of  copper  be- 

comes  green  at  b,  and  red  from  a  to  l> ;  a  glass  of 
iiiangT  le  e  i"  rendeied  purple  at  6,  but  colourless  from  d  to  b  ;  there 
bemg  fewbodieb  whose  lelations  to  the  blowpipe  can  he  completely 
known  without  a  comparison  of  the  effect  of  the  oxidizing  and  re- 
ducing flames. 

During  eombustion,  the  heat  evolvetl  is  at  first  absoihed  by  the  boily  which  is 
then  pn^uced ;  but  it  is  afterward  distributed  through  the  mass  of  all  neighbour- 
ing bodies  in  proportion  to  their  uondiicting  powers.  It  la  easy  to  calcuiate  the 
temperature  to  which  the  product  of  tfie  combustion  is  in  the  lirst  place  raised. 
Thus  eight  parts  of  oxygen  unite  with  one  part  of  hydrogen  by  weight  to  form  nine 
of  water.  If  watery  vapour  had  the  same  capacity  for  heat  as  water,  the  tempera- 
tnre  of  the  vapour  pmdoced  should  be,  since  one  part  of  oxygen  heats  twenty-nine 
parts  of  water,  180  degrees  =||  {SSxi80)=4640  above  the  freezing  point;  but  the 
capacity  of  watery  vapour  in  equal  weight  is  only  0'S47,  and  therefore  it  is  more  ea- 
sily heated  in  that  proportion  than  liquid  water ;  hence  the  temperature  really  pro- 
duced is  =4640x08*7,  or  6478  above  the  freezing  point  of  water.  If,  however,  in 
place  of  pure  oxygen,  atmospheric  air  had  been  made  use  of,  then  381  parts  of 
oxygen  are  mixed  therein  with  76  9  parts  of  nitrogen,  which  must  be  heated  to  the 
same  temperature  with  the  watery  vapour,  and,  of  course,  at  its  expense.  The  ca- 
pacity of  nitmgen  gas  for  heat  is  0-^65,  one  third  that  of  watery  vapour ;  but  in 
the  air  which  is  necessary  to  form  nuie  parts  of  water,  there  are  S6'S,  or  almost 
enactly  three  times  as  much  nitrogen,  so  that  precise}y  one  tialf  of  the  quantity  of 
heat  produced  is  absorbed  by  the  nitragen,  and  the  temperature  of  the  mixture  rises 
only  to  3739°  above  the  freezing  point. 

Such  being  the  temperatures  produced  by  hydrogen  gas  in  burning  in  oxygen  and 
in  atmospheric  air,  it  is  easy  to  understand  why  we  can  by  its  power  fuse  those 
substances  which  resist  almost  every  other  means,  T)ie  melting  point  of  cast  iron 
is  2786°,  that  is,  almost  exactly  the  same  as  that  produced  by  hydrogen  burning  in 
the  open  air ;  but  the  temperature  of  6478°,  given  by  hydrogen  burning  in  oxygen, 
is  very  nearly  double  that,  and  passes,  therefore,  far  beyond  (he  melting  point  of 
platinum,  and  exceeds  the  heat  of  all  our  other  artificial  tires  ;  it  is  only  in  the  dis- 
charge of  the  gaivanic  battery,  or  in  the  solar  rays  concentrated  by  a  lens,  that  the 
heating  effects  of  burning  hydrogen  and  oxygen  can  be  equalled.  If  the  nitrogen 
had  been  present  in  a  quantity  ten  times  as  great,  it  would  have  absorbed  ff  of  the 
amount  of  heat  evolved,  and  hence  the  resulting  temperature  should  be  only  about 
GOO".  Such  a  mixture,  therefore,  could  not  explode  at  all,  for  the  first  little  portion 
\>  hich  might  be  burned  could  not  produce  the  necessary  temperature  for  communi- 
cating the  combustion  to  the  mass.  In  this  manner,  the  combustibilit)'  of  gaseous 
mixtures  may  be  destroyed  by  mixing  them  with  ether  gases  in  such  quantities  as 
may  cool  them  below  the  temperatures  at  which  explosion  can  talfe  place.  One 
volume  of  a  mixture  of  oXygen  and  hydrogen  is  prevented  from  exploding  by  the 
presence  of  nine  volnmes  of  hydrogen,  six  volumes  of  nitrogen,  one  of  defiant  gas, 
two  of  ammonia,  three  of  carbonic  acid ;  hut  with  eight  volumes  of  hydrogen,  or 
five  volumes  of  nitrogen,  explosion  may  occur. 

The  greater  density  of  solid  bodies,  and  the  greater  rapidity  with 
which  they  are  capable  of  conducting,  away  the  heat  which  they  re 
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ceive,  enables  them,  in  a  still  more  remarkable 
temperature  of  flame,  and,  consequently,  to  extinguish  it 
a  piece  of  metallic  gauze  be  held  ovei-  a  jet  of 
nited  coal  gas,  the  flame  will  be  arrested  at  the  o 
er  surface  of  the  gauze ;  and  although  the  gas  and 
air  may  pass  through,  forming  an  explosive  n 
yet  no  inflammation  can  be  propagated;  and  f 
mixture  of  air  and  gas  be  allowed  to  pass  th  ough 
the  metallic  gauze,  and  then  ignited  at  its 
surface,  it  will  burn  there;  but,  although  the  pace 
between  the  jet  and  gauze  be  occupied  by  nflam 
mabte  material,  the  flame  cannot  pass  down, 
tallic  tissue  conducting  away  the  heat  w  rapidly  as  to  prevent  the 
temperature  from  rising  to  the  necessary  degree.  Another  and  a 
very  striking  form  of  this  experiment  is  to  !ay  on  the  metallic 
gauze  a  piece  of  camphor,  and  to  hold  it  over  a  lamp  ;  the  camphor 
will  melt  and  vaporize,  but  aa  it  melts  it  will  in  part  filler  through 
the  gauze  ;  this  portion  takes  fire,  and  a  sheet  of  smoky  flame  cov- 
ers the  lower  surface  ;  but  above,  the  camjilior  in  vapour  mixes 
with  the  air  without  inflaming. 

Tile  application  of  this  principle  to  the  construction  of  the  safety- 
lamp  for  mines,  constitutes  one  of  the  most  beautiful  instances  of 
the  advantages  which  n\ay  practically  How  from  what,  superficially 
considered,  might  appear  a  mere  abstract  principle  in  science.  The 
fire-damp,  or  light  carburetted  hydrogen,  which,  issuing  from  the 
minute  fissures  in  the  excavations  of  a  coal-mine,  is  diifused  through 
the  air  introduced  for  the  purposes  of  ventilation,  often  forms  an 
explosive  mixture,  which,  being'  set  on  fire  by  accident  or  negli- 
gence, detonates  with  aivful  violence,  and  destroys  all  living  beings 
which  may  at  the  time  be  in  the  mine.  This  gas  is  one  of  the  least 
easily  inflammable,  and  hence,  most  fortunately  for  hiimanity,  one 
to  which  the  principle  of  cooling  orifices  may  be  most  successfully 
applied.  The  candle  or  lamp,  i,  by 
which  light  is  to  be  obtained  for  woik- 
ing  in  the  mine,  is  surrounded  by  a  cyl- 
inder of  wire  gauze,  of  about  1500  ori- 
fices in  the  square  inch.  Inside  of  this 
the  inflammable  mixt  re  may  explode, 
but  the  flame  cannot  pass  o  t;  the  com- 
bustion cannot  be  comn  n  cated  to  the 
general  mass  of  eitert  al  air,  and  thus 
the  miner,  g  ded  by  tie  never-failing 
indications  ot  h  s  safety  lamp,  passes 
along  through  giller  s  nder  ground, 
where  the  emission  ot  a  spark  would 
cause  destruction,  and  measures,  by  the 
appearance  of  the  lamp,  the  actual  con- 
dition of  the  air  he  breatlies,  the  phe  | 
nomena  of  the  flame  indicating  also  its  I 
fitness  for  respiration.  If  the  air  be  ' 
pure,  the  lamp  burns  clear,  as  in  tiie 
upper  air  j  if  some  fire-damp  be  present. 
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the  lamp  shows  much  less  light,  the  flame  becomes  red  and  smoky , 
if  the  noxious  impregnation  be  still  increased,  the  flame  of  the  lamp 
itself  becomes  eJiting'uished,  and  the  cylinder  of  metallic  gauze  is 
filled  by  a  sheet  of  lurid  flame ;  the  miner  being  then  enveloped  by 
an  atmosphere  fully  explosive,  and  even  fatal  to  life  if  it  be  long 
respired.  If  he  proceed  still  farther,  all  flame  is  lost;  for,  as  the 
fire-damp  then  predominates,  there  is  produced,  from  deficiency  of 
oxygen,  only  a  slow  invisible  combustion;  but  even  this  is  made, 
by  the  sublime  genius  of  its  inventor,  Davy,  to  give  the  miner  the 
last  warning  to  return  to  safer  regions :  a  sheet  of  tbin  platina,  being 
coiled  up  and  hung  over  the  wick  of  the  lamp,  becomes  ignited,  as 
in  the  aphlogistic  lamp,  and  continues  to  emit  a  faint,  but  most  use 
ful  beacon  glow,  until  an  atmosphere  is  obtained  where  there  is  ox- 
ygen enouo-h  to  support  a  rapid  combustion,  or  until  a  place  is 
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of  the  quantity  of  heat  evolved  ;  liit  if,  m  another  trial,  it  be  found 
that  the  burnmg  of  a  pound  of  charcoal  taises  the  temperature  of 
7i  pounds  of  water  through  the  same  range,  it  follows  that  the  char- 
coal had  double  the  calorific  power  of  the  wood.  True  relative 
numbers  can  thus  be  obtained,  although  they  have  independently  no 
positive  signification.  The  results  obtained  in  this  manner  have 
been  exceedingly  discordant ;  but,  by  the  late  researches  of  Des 
pretz  and  of  Bull,  which  appear  to  have  been  conducted  with  more 
attention  to  accuracy  than  former  ones,  a  very  interesting  rule  has 
been  obtained:  it  is,  that  in  all  cases  of  combustion  the  quantity  of 
heat  evolved  is  proportional  to  the  quantity  of  oxygen  which  enters 
into  combination.     Thus  Despretz  found 

1  lb.  of  oxjgen,  uniting  witii  hydrogen,  heats  from  33"  to  SIS",  S9ilbs.  of  water 
eUarcoal,  "  "  3U 

alcoi.ol,  '■  "  38 

'•  "  ■'  ether,  ■'  ■  "  381  " 

This  rule,  however,  must  be  liable  to  some  very  ourioaa  changes ;  fbr  one  pound 
of  oxygen,  in  combining  with  iron,  could  heat,  by  Desprelz's  experiments,  53  pounds 
of  water,  or  almost  exactly  twice  as  much  as  in  the  former  list,  and  with  tin  and 
zinc  the  same  doubla  proportion  held.  With  phosphorus  a  singular  peculiarity 
was  observed,  which,  when  the  subject  comes  W  be  more  fully  studied,  may  throw 
some  light  upon  the  former  differences.  When  phosphorus  bums  slowly,  so  as  to 
form  phosphorous  acid,  it  heats,  in,  combining  with  a  pound  of  oxygen,  38  pounds 
of  water ;  but  when  it  burns  briliianlly  and  forms  phosphoric  acid,  the  heat  evolved 
is  doubled,  and  hecomea  the  same  as  that  produced  with  iron,  tin,  or  zinc.  As  a 
BUggeslion,  I  would  remark,  lliat  in  the  cases  where  the  smaller  proportion  of  heat 
is  evolved,  the  ptodlicte  of  combustion  are  all  volatile,  and  where  the  larger  propor- 
tion is  produced,  the  products  are  fixed  and  solid ;  even  in  the  case  of  phosphonis, 
when  it  combines,  producing  least  heat,  it  forms  a  volatile  product,  but  one  which 
resists  3  full  red  heat  in  the  case  where  the  combination  has  been  complete. 

Hess  has  lately  pointed  out  a  relation  between  the  amount  of  chemical  actioH 
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and  the  quantity  of  heat  evolved,  wliicli  may,  when  esammed  in  a  grentev  number 
of  cases,  lead  to  vety  Important  conclusions.  He  has  found  that  sulphuric  acid,  in 
combining  with  any  base,  generates  in  all  cases  the  same  quantity  of  beat ;  the  rise 
of  temperature  is,  of  course,  greatest  when  the  acid  and  haae  are  both  in  an  un- 
combineil  condition,  as  where  vapour  of  anhydrous  sulphuric  acid  produces,  by  con- 
tact with  dry  barytes,  brilliant  ignition ;  but,  although  the  barytes  generates,  by  con- 
tact with  diiute  sidphuric  acid,  much  less  heat,  yet,  if  tbe  two  quantities  evolved, 
■first  by  mixing  the  strong  acid  with  water,  and  Uien  the  dilute  acid  with  the  base, 
be  added  togetlier,  the  sum  appears,  from  a  great  number  of  experiments,  to  be 
constant;  thus,  diluting  oil  of  vitriol  with  water,  and  neutralizing  it,  so  dduted, 
witi)  ammonia,  Hess  found  the  heat  in  each  case  to  be, 

Oil  of  vitriol    .    .    .'sSsT'".     ..'.'..    .695^8 
First  dilution  .     .     .  S18-9    .    .    778    .     .     .  596-7 
Second  dilution   .    .480  5    .    .  1167    .    .    .  697.2 
Connecting  tliese  results  with  those  of  Deepretz,  just  given,  for  the  bodies  which 
unite  with  oxygen,  it  would  appear  liitely  that  the  quantity  of  heat  evolved  in  chem- 
joal  combination  may  be  connected  with  the  equivalent  number  and  the  electrical 
condition  of  the  substances  by  a  definite  law,  which  fartlier  investigation  may  dis- 

At  all  periods  in  the  history  of  chemistry,  the  explanation  of  the  phenomena  of 
combustion  was  that  for  which  the  general  theory  of  the  science  was  constructed ; 
and,  accordingly,  we  find  that  every  period  of  its  progress  has  been  marlied  by  the 
views  adopted  to  account  for  the  heat  and  light  so  evolved.  The  coarse  and  un- 
philosophical  ideas  of  the  esistence  ofinflammabillty  which  prevailed  before  Lavoi- 
sier's tune,  do  not  require  notice ;  but  the  theoi?  which  he  proposed,  although  not 
now  received,  is  yet,  like  all  his  works,  of  so  much  interest  and  importance,  that 
it  wonld  be  improper  to  pass  it  over. 

When  Lavoisier  lived,  the  minds  of  philosophers  were  fixed  in  the  opinion 
that  heat  and  light  were  positively  existing  substances,  wiiich  might  enter  into 
combination,  or  he  disengaged  from  combinations  in  which  they  had  previously 
been  engaged,  jnst  as  iead,  or  oxygen,  or  any  other  of  the  ordinary  bodies  we  oper- 
ate upon  io  our  experiments.  Gases  were  believed  to  be  compounds  of  the  tnie 
solid  body  wiUi  light  and  lieat ;  and  hence,  when  oxygen  gas  combined  with  iron 
or  with  phosphorus,  and  assumed  the  sohd  form,  the  light  and  heat  with  which  the 
real  oxygen  had  previously  united  were  set  free.  Hydrogen  and  oxygen  gases,  in 
combining  to  form  liquid  water,  underwent  the  greatest  condensation,  and  by  their 
union,  therelbre,  the  greatest  heat  was  evolved ;  and  in  all  such  cases  where  a  gas 
became  a  liquid  or  a  solid,  this  theory  was  f\illy  competent  to  explain  the  facts. 
However,  in  very  many  cases  it  failed  completely ;  thus,  by  the  union  of  carbon 
witli  oxygen,  so  far  from  a,  gas  becoming  solid  and  so  evolving  a  heat,  a  solid  be- 
comes a  gas,  and  should  produce  an  equivalent  degree  of  cold.  Lavoisier  hers 
brought  in  to  his  aid  the  relative  specifio  heats  of  the  gases  before  and  afler  union ; 
thus,  if  the  carbonic  acid  formed  by  burning  carbon  in  oxygen  gas  had  a  much  less 
specific  heat  than  oxygen,  liiere  might  be  evolved  a  quantity  of  heat  in  the  same 
way  as  it  occurs  with  water  and  sulphuric  acid ;  but  this  is  not  the  fact ;  on  tjio 
contrary,  the  carhonio  acid  has  a  specifio  heat  greater  tlian  that  of  tlia  oxygen  gas 
it  was  formed  from,  in  Hie  proportion  of  II95  to  808  ;  and  hence,  on  Lavoisier's 
views,  an  intense  degree  of  cold  should  be  produced  in  the  combustion  of  charcoal, 
as  well  by  the  latent  heat  which  the  solid  should  absorb  in  becoming  gaseous,  as  by 
the  increased  specific  heat  of  the  gas  so  farmed.  This  example  is  siilBcient  tu 
show  the  way  in  whicli  Lavoisier's  theory  became  inapplicable  to  llie  wants  of 

Dr.  Thompson  has  reoently  endeavoured  to  account  for  the  heat  evolved  in  chem- 
ical combination  by  an  application  of  the  law  of  Dulong  regarding  specific  heals 
(described  page  68).  Eveiy  molecule  of  a  simple  body  being  suppftsed  provided 
with  the  same  quantity  of  heat,  he  suggests  that,  when  a  number  of  them  combine 
together,  tlie  heat  of  one  or  more  is  expelled,  and  thus  produci^  the  rise  of  tem- 
perature. Thus,  considering  oil  of  vitriol  to  contain  seven  combining  equivalents, 
two  of  hydrogen,  four  of  oxygen,  and  one  of  sulphur,  and  that  the  specific  heat  of 
bU  of  theaa  is  the  same,  31,  as  results  from  Dulong's  law  if  it  be  supposed  rigidly 
exact,  tiie  specifio  heat  of  oil  of  vitriol  should  be  -jq:j-=0'443,  491  being  the 
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equivalent  number  of  oil  of  vitriol;  but  the  specific  heat  found  by  experiment  la 
only  0  353 ;  so  tliat  exactly  one  filth  of  the  luta!  quantity  of  heat  has  been  lost  by 
the  act  of  CDmbination,  and  may  hence  be  supposed  to  have  caused  the  phenomena 
of  combustion. 

In  the  extension  of  this  principle  a  little  farther  than  Dr.  Thompson  appears  to 
have  contemplated  its  application,  some  coincidences,  with  results  already  known, 
are  found,  which  give  it  an  aspect  of  considerable  theoretic  interest.  Thus  we 
may  consider  certain  metallic  oxides  as  cunslsting  of  an  equivalent  of  each  constit- 
uent, and  hence  their  proper  specific  heat  should  be,  if  none  were  lost  by  combina- 
tion, 31  x3=6  3 ;  hut  the  specific  heat  of  the  compound  molecule  is  experimentally 
found  to  be  5-4,  and  thus  that  0-8  ofheathr-"  ■■ —  '  -'  — 1.--1--  .•. .  .  . 
of  combustion  in  combination.  In  this  m: 
found  that  a  certain  quantity  of  oxygen  evo 
bining  with  very  many  bodies.  If  we  exan 
lation  to  the  same  principle,  we  And  that  m 
0  heat  should  be  18-6=31x6;  but  it  is 


n  lost,  prodacing  the  phenomena 
ve  can  understand  why  Despretz 
e  same  quantity  of  heat  in  com- 
B  sulphates  noticed,  p.  67,  in  re- 
s  there  are  in  each  six  molecules,  the 
s  found  to  be  but  two  thirds  of  that. 


12-i.  Now  If  here,  as  in  the  oxides,  the  combustible  material  retains  its  heat,  and 
it  is  from  the  oxygen  tliat  the  portion  set  free  is  taken,  the  experimental  result 
arises  from  the  heat  of  each  oxygen  molecule  beins  reduced  by  16,  and  hence  that 
when  oxygen  forms  a  salt  with  sulphur  and  a  metal,  the  heat  evolved  is  double  that 
produced  in  simple  oxidation.  The  fact  of  t!ie  same  quantity  of  oxygen  giving 
double  the  amount  of  heat  when  it  converts  phosphorus  into  phosphoric  acid,  com- 
pared with  what  is  evolved  when  it  forms  only  phosphoroiw  acid,  may  have  its  ori 
gin  in  an  analogous  condition. 

In  the  case  of  the  carbonates,  another  form  of  the  principle  becomes  manifest ; 
but  on  this  view  it  is  necessary  to  consider  carbonic  acid  as  containing  five  mole- 
cules, one  of  carbon  and  fbur  of  oxygen,  and  as  uniting  with  two  molecules  of  a 
metallic  oxide.  The  carbon  and  metal  bum  each  in  half  of  the  quantity  of  oxygen 
with  which  they  ultimately  unite,  and,  like  phosphorus,  separate  from  lliat  oxygen 
only  the  smaller  quantity  which  it  can  lose  when  entering  into  comijinntion ;  the 
carbonic  acid  and  suboxide  then  unite  with  the'  residue  of  oxygen,  and  from  it 
separate  the  larger  portion  of  heat  as  occurs  when  phosphoric  acid  is  produced. 
The  resulting  specific  heat  for  a  carbonate  is  therefore  9  3-f-6  9-J-5=30t ;  or,  re- 
duced to  tlie  equivalent  number  used  in  p.  67,  It  is  JO'35,  the  experimental  number 
being  iO'4. 

The  results  in  these  three  oases  may  be  shown  in  the  form  of  the  following  table, 
in  which  the  first  column  contains  the  equivalent  molccole  of  the  body,  M.  denoting 
the  equivalent  of  a  metal;  the  second  column  contains  the  specific  heats  calculated 
on  the  supposition  that  there  is  none  lost  in  combining;  the  third,  the  calculation 
by  which  the  fourth  column  of  true  calculated  specific  heats  is  obtained ;  and  the 
fifth,  the  specific  heats  that  have  been  found  by  experiment. 


1. 

S, 

3. 

5,4 

54 

31-(-3-3 

M.OS 

27  9 

(2X3-l)-l-(4XI-5) 

13.3 

13-4 

MiObC. 

(3x31)-K3xa-3)-(-3Xl-!i) 

30« 

The  coincidences  refer  0 


)  the  bodies  already  selected,  p.  6T,  : 


le  accidental  \  but  there  is  yet  so  much  likelihood  of  some  physical  law  of  the 
kind  being  to  be  discovered,  that  everything  that  may  assist  in  its  detection  is  of 
importance. 

Laying  aside  altogether  the  attempt  at  deducing  the  phenomena  of  combustion 
from  any  change  in  the  amount  of  latent  or  of  specific  heat  in  tlie  bodies  which 
enter  into  combination,  it  remains  only  to  be  admitted  as  a  general  and  independent 
prinoipie  that  chemical  combination  is  a  source  of  heat  and  light.  It  is,  however, 
impossible  to  arrest  inquriy  at  that  point,  and,  accordingly,  the  speculations  of  phi- 
losophers have  been  directed  in  seeking  a  cause  for  the  phenomena  of  combus- 
tion to  tlie  disengagement  of  electricity,  which  accompanies  all  manifestations  of 
chemical  action,  and  have  endeavoured  to  identify  tlie  light  and  heat  emanating 
from  a  burning  body  with  that  which  is  produced  by  the  separation  or  combination 
of  the  electric  fluids.  Tiie  evidence  in  favour  of  this  view  will  be  best  described 
among  the  relations  of  electricity  to  affinity. 
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CHAPTEE  VIII. 

OF   THE   IBFLUENCE   OF   ELECTBIOiTY   OS 


It  has  been  already  shown,  that  in  the  production  of  galvanic  or 
hydro -electric  currents,  there  always  occurs  between  the  liquid  a«d 
solid  elements  of  the  circle  a  degree  of  chemical  action,  to  which 
the  quantity  of  electricity  generated  is  exactly  proportional  in 
amount,  and  that  no  current,  such  as  was  there  described,  can  be  gen- 
erated without,  by  the  chemical  action  of  the  more  oxidizahle  met- 
al, the  liquid  being  decomposed,  and  some  one  element  of  it  expell- 
ed, in  place  of  which  a  corresponding  quantity  of  zinc  may  be  sub- 
stituted. I  did  not  then  attempt  to  discuss  the  question  of  whether 
the  chemical  action  in  the  battery  be  the  cause  or  the  effect  of  the 
current  of  electricity  which  arises,  as  that  can  be  best  done  when 
the  action  of  the  current,  no  matter  from  what  source  it  may  hare 
been  derived,  upon  chemical  substances,  similar  to  those  that  are 
used  as  exciting  liquids  in  the  galvanic  battery,  has  been  described. 

If  the  wires  belonging  to  the  plates  Z  C,  of  the  simple  circuit  in 
the  figure,  be  brought  into  communication  by  means 
of  a  cup  of  water,  the  current  passes,  and  it  is  found  t 
that  at  the  terminations  of  the  wires  bubbles  of  gas  ; 
form  in  considerable  number,  which,  when  collected, 
are  found  to  be,  from  the  wire  in  connexion  with  the 
copper  plate,  oxygen  gas,  and  hydrogen  gas  from 
the  wire  which  is  attached  to  the  plate  of  zinc.  I" 
the  conducting  liquid  had  been  muriatic  acid,  hydro 
gen  would  have  been  evolved  as  gas  at  the  zinc  extremity,  and  chlo- 
rine liberated  upon  the  wire  of  the  copper  plate,  though  from  its 
solubiUty  in  the  liquid  it  would  not  be  disengaged  as  gas. 

If  a  solution  of  iodide  of  potassium  had  been  employed,  iodine 
would  appear  upon  the  copper  side,  and  potassium  should  be  set 
free  upon  the  zinc  wire;  but  by  the  action  of  the  water,  the  metal 
is  instantly  converted  into  potash,  and  hydrogen  set  free. 

It  is  not  necessary  that  such  bodies  should  be  in  solution,  for  this 
only  serves  to  give  to  their  particles  the  freedom  of  motion,  which 
may  allow  their  elements  to  separate.  If  chloride  of  lead  melted  in 
a  cup  he  used  to  complete  the  voltaic  circuit,  chlorine  is  evolved 
upon  the  +,  and  lead  upon  the  —  wire ;  with  oxide  of  lead  (litharge), 
the  evolution  of  lead  at  the  — ,  and  of  oxygen  upon  the  -f"  extrem- 
ity of  the  wires,  occurs  similarly  ;  protochlorjde  of  tin,  iodide  of 
lead,  chloride  of  silver,  all  act  in  the  same  way. 

In  place  of  bodies  consisting  of  two  elements,  such  as  those  above 
described,  we  may  employ  in  solution,  or  in  a  fused  state,  secondary 
compounds,  consisting  of  an  acid  and  a  base.  If  the  current  of  elec- 
tricity pass  through  a  solution  of  sulphate  of  soda,  the  sulphuric 
acid  appears  upon  the  +,  and  the  alkali  upon  the  —  wire.  With 
sulphate  of  magnesia,  the  earth  passes  to  the  negative,  and  the  acid 
to  the  positive  extremity  of  the  liquid  circuit ;  in  these  cases  water 
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is  also  decomposed,  of  which  the  hydrogen  accompanies  the  base, 
and  the  oxygen  the  acid;  but,  on  using  a  salt  of  lead,  of  silver,  or 
of  copper,  the  metallic  oxide  is  reduced  by  the  action  of  the  nascent 
hydrogen,  or,  at  least,  it  may  be  so  expressed,  and  the  metal  is  de- 
posited in  crystals  upon  the  —  wire,  while  the  acid  and  the  oxygen 
are  evolved  together  wpon  the  extremity  of  the  positive  conductor. 

The  affinity  which  held  together  these  bodies  in  combination  is 
superseded  during  the  passage  of  the  electric  current.  The  elements 
previously  united  appear  to  repel  each  other,  and  to  be  at  the  same 
time  attracted  by  the  excited  terminations  of  the  metallic  wires,  by 
which  the  battery  is  placed  in  connexion  with  the  substance  to  be 
decomposed. 

The  simplest  mode  of  accounting  for  these  phenomena  is  to  say 
that  water  is  decomposed,  because  the  oxygen  is  attracted  more 
powerfully  by  the  positive  pole  of  the  galvanic  battery  than  by  the 
hydrogen  with  which  it  had  previously  been  associated,  while  this 
last  is  more  powerfully  attracted  by  the  negative  pole  than  by  the  ox- 
ygen. The  elementary  bodies  separate,  therefore,  from  enoh  other  ; 
but,  not  being  capable  of  entering  into  combination  with  the  substance 
of  the  poles,  they  are  evolved  as  gas.  This  explanation  may  be  ap- 
plied to  al!  such  cases.  Oxygen,  chlorine,  iodine,  sulphur,  as  well 
as  the  various  acids,  are  attracted  by  the  positively  electric  pole, 
while  liydi-ogen,  potassium,  sodium,  copper,  silver,  lead,  and  the 
various  bases,  are  attracted  to  the  negative  pole  of  the  battery.  But 
one  force  cannot  completely  snpersede  another,  as  electricity  here 
supersedes  affinity,  unless  it  be  of  the  same  kind,  or,  at  least,  closely 
resembling  it  in  natnre.  What,  then,  is  the  relation  between  the 
chemical  force  which  had  kept  the  elements  united,  and  the  elec- 
trical force  which  makes  them  separate!  The  cause  was  easily 
found  :  they  are.  identical.  The  oxygen  and  hydrogen  united  ori- 
ginally from  being  in  opposite  electrical  states,  and  they  are  forced 
to  separate  from  being  subjected  to  the  action  of  still  more  power- 
ful attractions;  the  decomposition  of  water  by  the  voltaic  current 
becoming  thus  a  case  of  double  decomposition,  in  which  the  original 
electricities  of  the  two  simple  bodies  were  the  quiescent,  and  the 
excitation  of  the  opposite  poles  of  the  battery  were  the  divellent 

Chemical  substances  were  thus  considered  to  have  affinities  for 
each  other,  from  being  in  opposite  electric  states,  and  the  peculiar 
play  of  affinity  of  each  body  depended  on  which  electricity  it  was 
naturally  excited  by  when  in  combination ;  those  bodies  which  are 
attracted  by  the  positive  pole  of  the  battery  being  necessarily  in  the 
negative  condition,  and  vice  versa.  Thus,  all  substances  may  be  di- 
vided into  two  classes  ,  those  being  termed  electro-negative  which 
are  evolved  at  the  copper  pole  of  a  simple,  or  at  the  zinc  pole  of  a 
compound  circle,  and  those  which  appear  at  the  opposite  pole  being 
termed  electro-positive.  The  simple  bodies  thus  classified  are  ran- 
ged as  in  the  following  list: 
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S       m 

Oxygen. 
.  Fluorine. 

Mercury. 
Chrome. 

AS 

I  Chlorine. 

1 

i          "^ 

a  Bromine. 

S  Iridium. 

a 

fB 

•*  Iodine. 

T  Rhodium. 

T 

1 

Sulphur. 
Selenium. 

y  Uranium. 
Osmium. 

B 

1  Tellurium. 

Platinum. 

N 

T  Nitrogen. 

Arsenic, 

Antimony. 

Silicon. 

Titanium, 
gGold. 

'  Tungsten. 
Columhium. 

H        g 

v,\ 

Boron. 

.  " 

Th(   most  powerfully  negative  b  d  p        d        h    ti  cl 

those  most  powerfully  positive  in  n     h         b 

connected  by  the  intermediate  columns  m  the  order  marked  by  the 
brackets  and  arrows.  Any  substance  in  the  list  is  positive  with  re- 
gard to  any  other  towards  which  the  arrow  points,  and  neg;ative  in 
relation  to  any  from  which  the  arrow  is  directed.  Thus  hydrog^en 
is  negative  to  all  in  the  fourth,  but  positive  to  all  in  the  three  pre- 
ceding columns,  and  so  on.  These  positions  should  also  indicate 
the  relative  affinities  of  the  simple  bodies  towards  each  other;  but, 
in  interpreting  such  arrangements,  it  must  be  recollected  that  the 
ordfer  of  affinities  may  be  totally  changed  by  heat  or  by  cohesion, 
and  that  the  electrical  order  may  bo  completely  different,  according 
to  the  nature  of  the  exciting  liquid,  as  in  the  table,  p.  129. 

Two  bodies  in  combination  are  therefore  like  two  pith  balls  which 
mutually  adhere,  but  of  which  the  attraction  is  permanent  from  their 
electricities  not  being  discharged.  How  do  these  bodies  acquire 
those  oppositely  excited  states  1  and  why,  if  their  condition  resem- 
bles that  of  ordinary  electricity,  do  they  remain  combined,  when 
their  opposite  fluids  might  unite,  and  neutralization  being  produced, 
all  combination  cease  \ 

These  two  questions  have  not  yet  been  answered.  Several  times  their  explana 
tion  has  been  attempted ;  and  thus  the  electro-chemical  theories  of  Davy,  Ampere, 
and  Derzelius  have  been  pronosed.  I  shall  briefly  notice  the  leading  features  of 
these  before  proceeding  to  discuss  '.':.z  remarkable  advance  recently  made  in  our 
ideas  of  the  electro-chemical  relations  of  bodies  by  Faraday  and  Graham. 

The  theory  of  Davy  was  based  upon  the  principle  that  bodies  in  their  ordinary 
nncorabined  condition  do  not  contain  free  electricity,  hut  that  by  contact  they  be- 
came excited.  Thus  a  disk  of  sulphur  touched  to  a  disk  of  copper  becomes  nega- 
tive, and  the  copppc  positive ;  its  charge  increases  in  intensity  on  applying  heat, 
nnttl,  at  a  certain  temperature,  the  tension  of  the  electricities  becomes  so  great  that 
Ihey  suddenly  lecombine,  carrying  with  them  the  molecules  of  the  sulphur  and  cop- 
per which  thus  enter  into  union,  and  producing  the  evolution  of  light  and  beat  by 
which  the  chemical  action  is  accompanied.  The  sulphuret  of  copper,  when  formed, 
is  no  longer  electric ;  it  remains  permanent  in  virtue  of  a  force  which  Davy  does 
not  strictly  deSne,  but  which  he  appears  to  have  considered  an  intimate  cohesion 
between  the  particles  which  had  been  closely  approximated  by  their  electrical  at- 
tractions i  and  when,  by  an  electric  current,  the  molecules  of  copper  and  sulphur  aro 
brought  into  the  reverse  state  to  that  wiiich  favoured  their  combination,  liiey  sep- 
arate. This  view  supposes,  therefore,  the  electrical  excitation  to  he  only  moment 
ary,  during  the  act  of  combination  and  during  the  moment  of  disunion ;  before  and 
after,  all  is  neutral.  To  all  plienomena  of  decomposition  this  theory  suffices,  but 
It  is  vitally  deficient  in  the  principle  upon  which  it  is  based.    It  has  bf:en  since 
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completely  prored  that  it  is  not  the  contact  wliich  evolves  electricity,  but  the 
chemical  action  ;  and  also,  on  Davy's  views,  tlie  electrical  distiirbanee  only  suffi- 
ces to  account  for  tlie  secondary  phenomena  of  union,  the  light  and  heat,  leaving 
the  act  of  combination  to  he  ascribed  to  a  different  and  independent  force  of  afiiD- 
ity  or  cohesion. 

A  more  complete  theory  was  proposed  by  Ampere,  whose  philosophical  liews  in 
magnetism  and  other  sciences  have  been  found  so  singularly  in  accordance  with 
experiment. .  He  proposed  to  consider  that  each  substauce  in  natnre  is  endowed 
with  a  definite  amount  of  <me  or  of  the  other  electricity,  and  is  thus  naturally  and 
invariably  electro-positive  or  electro-negative,  and  stands  higlier  or  lower  in  Ihe 
list  of  bodies,  according  to  the  intensity  of  the  charge-  SitcIi  an  excited  body  he 
considered  to  attract  round  its  mass  an  atmosphere  of  electricity  of  tlie  apposite 
kind,  and  correspond in(c  in  intensity.  Now,  on  bringing  into  contact  an  eleclio- 
pasitivQ  and  sn  electro-negative  budy,  their  atmospheres  unite,  and  produce  the  beat 
and  light  resulting  from  their  chemical  action  on  each  other ;  bnt  the  bodies  llietn- 
selves  mnst  remain  permanently  combined,  as  each  retains  its  own  excitement, 
and  they  hence  attract  without  cessation.  When  one  body  is  exactly  as  negative 
as  the  other  is  positive,  the  resulting  compound  cannot  manifest  any  signs  of  elec- 
tro-chemical activity;  but  if  the  charge  of  the  negative  body  be  more  powerM  than 
that  of  the  positive  element,  the  resulting  compound  will  be  negatively  excited  to 
the  amount  of  the  difference  between  the  two  ;  if  the  proportions  be  reversed,  the 
new  body  formed  will  be  positive  in  the  same  degree ;  and  such  compound  electro- 
negative and  electro-positive  bodies,  being  acids  and  bases,  attract  each  other,  and 
unite  to  form  neutral  salts. 

A]l  that  was  difficult  to  comprehend  upon  the  theory  of  D^vy  is  here  beautifully 
explained.  The  light  and  heat  of  combination  are  produced  by  the  atmospheres 
of  electricity:  the  permanence  of  combination  by  the  invariable  excitation  of  the 
molecnies.  The  gradually  diminishing  intensity  of  charge,  according  as  the  bodies 
formed  become  more  complex,  necessarily  follows;  but  the  assumption  that  any 
one  body  is  naturally, and  infariably  positive  or  negative,  is  contradicted  by  the 
iiistory  of  almost  all  the  simple  substances.  ' 

Thus,  if  sulphur  or  arsenic  be  heated  in  oxygen  gas,  they  burn,  and  the  combina- 
tion is  efTected  with  all  the  phenomena  of  intense  action,  the  resulting  compounds 
being  acid  and  electro-negative.  The  sulphur  and  arsenic  are  thus  shown  to  have 
been  feebly  positive  bodies.  But  if  sulphur  or  arsenic  be  heated  with  potassium, 
there  is  similarly  combustion,  showing  that  chemical  combination  has  taken  place ; 
and  a«  potassium  is  the  most  positive  body  in  the  series,  the  sulphur  and  arsenilj 
must  be  the  negative  elements  of  the  compounds.  Sulphur  and  arsenic  are  tliere- 
fore  at  one  time  positive,  and  at  another  negative.  There  is,  indeed,  uo  substance 
known  which  can  be  said  to  be  invariably  jiegative  or  positive.  Nor  can  the 
amount  of  negative  or  positive  excitement  be  in  any  case  looked  upon  as  constant, 
for  oxygen  is  oflen  found  to  be  less  negative  than  chlorine,  and  potassium  to  be 
less  positive  than  iron  or  than  carbon ;  and  hence,  if  electrical  forces  be  considered 
as  representing  affinilary  power,  they  must  be  capable  of  the  same  fluctuations  in 
intensity. 

It  was  for  the  purpose  of  bringing  Ampere's  theory  into  harmony  with  the 
changes  of  chemical  decomposition,  that  Betzelius  proposed  the  modification  of  it 
which  now  remains  to  be  described.  He  suggested  that  each  body  should  be 
looked  upon  as  containing  the  two  electricities,  but  that  the  one  niight  be  more 
powerfully  developed  than  the  other,  as  in  a  magnet  one  pole  may  be  stronger  than 
the  other ;  also,  from  the  analogy  of  certain  bodies,  which  were  supposed  to  admit 
the  ]>assage  of  one  electricity  rather  than  the  other,  he  imagined  that  a  body  thus 
excited  with  the  two  fluids  might  discharge  the  one  and  yet  retain  the  other.  Tlius 
oxygen  possesses  high  negative  and  feeble  positive  excitation ;  hydrogen  an  intense 
positive,  but  a  feeble  negative  charge.  When  these  bodies  combine,  the  phenomena 
of  combustion  foDow  from  the  union  of  the  positive  fluid  of  the  oxygen  witb  the 
negative  of  the  hydrogen,  and  the  more  intense  and  more  permanent  charges  retain 
the  bodies  in  combination.  To  account  in  this  way  for  certain  bodies  being  at  one 
time  electro.negative  and  at  another  electro-positive,  Berzelius  considers  (bat,  when 
pMESsiura  is  brought  into  contact  with  sulphur,  the  naturally  feeble  negativity  of 
the  latter  is  heightened  by  induction,  while,  if  the  sulphur  be  acted  on  by  oxygen,  it 
is  its  positive  charge  that  is  increased ;  and  thus  any  substance  near  the  midd'e  of 
the  electro-chemical  series  may  become  positive  or  negative,  according  as  it  com- 
bines with  a  body  sitiiated  nearer  to  the  negative  or  positive  extremity. 
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This  Tiew  niigJit  explain  most  chemiciil  phenomena ;  but  it  is,  lite  Davy's  theory, 
founded  on  physical  principles  which  cannot  be  considered  sound.  Thus,  although 
the  eflect  of  one  pole  of  a  tnagnet  may  be  weaker  than  another,  that  unly  happens 
wJiere  tha  action  is  complicated  hy  the  existence  of  more  poles  than  two  j  and  in  all 
cases  the  arnount  of  north  and  soulJi  magnetism  present  is  exactly  equal.  Also,  the 
fact  of  the  existence  of  bodies  which  conduct  the  one  better  than  the  other  electricity, 
is  now  abandoned  by  all  sound  reasoners,  and  cannot  be  looked  upon  as  even  in  any 
degree  probable  in  theory.  Indeed,  all  views'like  those  of  Beraelius  and  Ampere, 
which  are  founded  on  the  existence  of  different  degrees  of  electrical  excitement, 
which  represent  the  difierent  j)owers  of  aOinity  by  which  chcnuical  substances  com- 
bine, mnst  be  now  abandoned ;  liir  it  has  been  proved  hy  Faraday  that  a  moleeule  of 
oxygen,  in  uniting  with  hydrogen  to  funn  water,  or  with  zinc  to  form  its  ojcide,  a 
molecule  of  iodine  or  chlorine  uniting  wilb  lead,  with  tin,  with  silver,  or  witJi  potas- 
Biom,  bodies  so  fsi  separated  in  the  electro-chemical  scale  founded  on  their  reaction^ 
evolve  in  uniting  the  same  quantity  of  electricity,  and  I'equire  for  their  separation, 
when  combined,  the  same  amount  of  current  derived  from  another  source. 

Before  more  definite  and  correct  ideas  of  the  electrical  relations 
of  chemical  substances  can  be  obtained,  it  is  necessary  to  study 
somewhat  more  in  detail  the  chemical  phenomena  which  occur  in 
the  galvanic  battery,  which,  for  simplicity,  shall  be  considered  as  a 
simple  circle,  and  in  the  liquid  through  which  the  circuit  is  com- 
pleted ;  the  former  is  generally  termed  the  generating,  and  the  latter 
the  decomposing  cell. 

The  decompositions  hitherto  described  have  been  considered  as 
resulting  from  the  attractive  and  repulsive  forces  of  the  extremities 
of  the  wires,  on  which  the  charge  of  the  battery  was  supposed  to  be 
collected.  But,  when  the  circuit  is  completed,  no  such  accumula- 
tion can  exist;  once  the  current  passes,  it  is  everywhere  present 
in  equal  quantity  and  of  uniform  tension  ;  and  suchiorces  of  attrac- 
tion and  repulsion,  acting  upon  molecules  already  electrically  exci- 
ted, were  only  imagined  for  the  foundation  of  the  imperfect  theories 
already  noticed,  and,  when  impartially  examined,  are  found  to  have 
no  real  existence.  It  is  also  fatal  to  the  idea  of  attractive  forces  ex- 
ercised by  the  poles,  that  the  substances  evolved  upon  their  surface 
do  not  necessarily  combine  with  them;  thus,  if  oneplatina  pole  have 
such  attraction  for  oxygen  as  to  separate  from  the  hydrogen  it  had 
been  united  with,  it  is  unreasonable  that  it  shonid  lose,  suddenly  and 
completely,  this  power,  and  allow  the  oxygen  totally  to  escape ;  the 
other  platina  pole  behaving  similarly  to  the  hydrogen. 

Faraday  has  definitely  shown  that  the  disengagement  of  the  sub- 
stances, which  are  separated  from  e,ach  other  by  the  current,  takes 
place  n  all  cases  at  the  bounding  surfaces  of  the  body  decomposed ; 
and  t!  it  vhere  they  are  evolved  on  the  inetaltic 
conduct  g  wires,  it  is  only  because  those  are  1 
1  Its  ol  the  decomposing  fluid.  The  proofs  of 
th  s  p  nc  pie  are  numerous  and  simple  :  thus,  in 
ngiassbasin,  a  partition  of  mica,  a,  is  cemented  so 
as  to  be  completely  water  tight,  and  eiLtending  half  , 
way  to  the  bottom  ;  a  strong  solution  of  sulph: ' 
of  magnesia  is  poured  in  until  it  rises  a  little  abo 
the  edge  of  the  partition,  and  then  distilled  water 
poured  in  on  the  side  c,  d,  with  such  precaution 
that  it  shall  not  mix  with  the  saline  solution,  but 
shall  float  on  it,  the  surface  separating  the  two 
liquids  remaining  perfect  at  e.     The  solution  of  sulphate  of  magni 
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sia  is  now  to  lie  connected  with  the  negative  pole  of  a  battery  by 
means  of  the  platina  plate  S,  and  the  water  with  the  other  pole  of 
the  battery  by  the  plate  e,  which  dips  slightly  inclined  below  the 
surface.  When  the  circuit  is  completed,  the  sulphate  of  magnesia 
and  the  water  are  simultaneously  decomposed,  the  oxyjron  appears 
upon  the  plate  b,  the  hydrogen  gas  upon  the  plate  e  ;  but,  although 
the  sulphuric  acid  is  liberated  freely  upon  lhe  plate  i,  no  magnesia 
travels  farther  than  the  limiting  surface  of  the  saline  liquor  c.  Here 
the  metal  e  serves  as  a  pole  to  the  hydrogen,  hut  not  to  the  magne- 
sia ;  and  the  water  on  which  the  magnesia  has  evolved  has  no  power 
to  prevent  the  farther  passage  of  the  hydrogen. 

If  A,  C,  B  be  filled  with  solution  of  sulphate  of  soda,  and  by  means 
of  the  plates  P  and  N,  a  current  from  a  battery 
bo  passed  through  it,  the  acid  will  collect  upon 
the  one  and  the  alkali  upon  the  other  plate : 
but  if,  by  means  of  pieces  of  bladder,  a  and  b, 
the  vessel  be  divided  into  three  compartments 
A,  C,  and  B,  and  the  central  one  being  filled 
iulphate  of  soda,  dilute,  nitric  acid  is  poured 
le  in  order  to  affofd  a  conducting  medium, 
the  acid  and  alkali  do  not  appear  at  the  metallic  poles  when  the  cur- 
rent passes,  but  are  evolved  upon  the  inner  surfaces  of  the  partitions 
a  and  b:  it  is  only  when,  by  mechanical  filtration,  some  of  the  liquor 
of  C  passes  into  A  and  B,  that  the  slightest  trace  of  sulphuric  acid 
or  of  soda  can  be  found  upon  the  metallic  plates. 

By  the  electricity  of  the  machine  the  same  principle  can  be  de- 
monstrated :  if  a  slip  of  paper  moistened  with  solution  of  iodide  of 
potassium  be  held  near  the  insulated  prime  conductor  of  the  elec- 
trical machine  while  inaction,  and  the  rubber  be  connected  with  the 
ground  ao  as  to  ensure  a  continuous  discharge  of  positive  electricity 
into  the  air,  iodine  will  be  evolved  in  quantity  upon  the  point  of  the 

Sapernearesc  tite  prime  conductor,  %vhile  hydrogen  and  potash  may 
e  traced  as  mr  as  any  liquid  conductor  admitting  of  thtir  passage 
goes,  ilere  lUere  is  nothing  that  can  be  termed  a  pole  ;  the  iodine 
is  dischargect  upoi;  the  limiting  surface,  which  is  here  that  of  the 
otmo spheric  air. 

Hence  the  idea  of  poles  which  produce  attractions  and  repulsions 
in  a  closed  circuit  must  be  abandoned,  and  some  other  way  of  ex- 
plainmg  the  decomposition  of  the  liquid  elements  of  the  circuit  must 
be  obtained.  The  word  poles  must  first  be  laid  aside,  and  the  ex- 
pressions proposed  by  Faraday  in  their  place  deserve  universal  adop- 
tion. The  surfaces,  whether  of  metal,  of  water,  of  acid,  or  of  air, 
by  which  the  current  passes  from  one  kind  of  conductor  to  another, 
he  terms  electrodes  (rjlenrpoT,  oJof),  they  being  the  routes  through 
which  the  electricity  makes  its  way.  I  shall  therefore,  in  future, 
apeak  of  the  positive  and  negative  electrodes  in  relation  to  the  sur- 
faces, generally  of  metal,  by  which  the  battery  is  brought  to  act  upon 
the  substance  which  is  to  be  decomposed. 

Since  there  are  thus  no  attractive  forces  by  which  the  chemical 
aifiuities  of  the  subsiances  in  the  decomposing  cell  can  be  overcome, 
to  what  mechanism  can  we  attribute  the  separation  of  elements 
which  occurs  1     Concerning  this,  as  yet,  there  is  only  speculation  to 
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be  presented.  The  decomposition  is  certainly  propfigated  from 
particJe  to  particle,  that  is  to  say,  at  the  moment  that  the  molecule 
of  water  loses  oxyg'en  at  the  positive  electrode,  a  different  mole- 
cule gives  off  its  hydrogen  upon  the  negative  electrode  j  neither 
the  hydrogen  of  the  former  nor  the  oxygen  of  the  latter  become 
free,  hut  the  decomposition  is  transferred  from  one  particle  to  an- 
other along  the  line,  all  particles  of  oxygen  advancing  a  step  against 
the  current,  and  the  molecules  of  hydrogen  moving  in  a  correspond- 
ing manner  in  the  direction  of  it.  Thus,  if  a  line  of  particles  of 
water  in  a  decomposing  cell  he  represented  5»->- 

before  the  current  passes,  the  electrodes  be--J-0,H.  O.H.  O.H. — 
ing  represented  by  the  plus  and  minus  signs, 
on  the  current  passing,  a  molecule  of  oxygen  ^    T. 

will  be  evolved  upon  the  positive,  and  one  of  — H.  ■  rr'  '  tt'  ■  0.+ 
hydrogen  upon  the  negative  side,  as  in  the 
second  line  i  and  as  this  motion  is  participated  ;>»—-* 

in  by  every  molecule  of  oxygen  and  hydrogen       -fO.H.  O.H. — 
in  the  circuit,  they  will  come  into  the  Jnal  po-  3s»— *■ 

sition  of  the  third  line.     The  current  still  pass-  0'     n  _i. 

ing,  another  molecule  of' each  will  be  evolv-     ~>^-  '  h.  '  ^■"'" 
ed,  as  in  the  fourth;  and,  ultimately,  all  the 
intervening  water  may  be  decomposed  ;  the  .l^"!?" 

separation  of  the  elements  being  thus  accom-  "ru.    .    - 

panied  by  a  continual  rotation  on  each  other  of  the  intermediate 
molecules,  each  inolecuie  of  oxygen  being  successiveiy  united  with 
every  molecule  of  hydrogen  in  the  series,  and  each  molecule  of  hy- 
drogen combining  in  turn  with  every  particle  of  oxygen  as  it  passes 
along.  In  Faraday's  words,  the  current  is  an  axis  of  power,  equal, 
and  exerted  in  opposite  directions,  by  which,  in  every  case  of  a 
true  binary  compound,  the  molecules  of  one  element  are  carried  in 
1,  while  those  of  the  other  constituent  move  in  the  re- 


From  this  idea,  the  evolution  of  the  iodine,  the  soda,  the  magne- 
sia on  surfaces  of  air,  of  bladder,  or  of  water,  is  easily  understood. 
The  sulphates  of  magnesia  and  soda  are  decomposed,  because  there 
exists  in  the  solution  a  chain  of  particles  of  sulphuric  acid  capable 
of  conveying  their  bases  along,  and  these  are  evolved  where  that 
chain  of  acid  particles  is  broken,  although  there  may  he  other  con- 
ductors to  complete  the  circuit.  The  iodine  is  evolved  where  the 
air  touches  the  surface  of  the  paper,  because  the  air  has  no  potas- 
sium by  which  it  could  be  carried  farther.  The  decomposition  ap- 
pears thus  to  he  effected,  not  by  annulling  chemical  affinity,  but 
with  its  assistance,  for  it  is  exactly  with  those  conducting  bodies 
whose  elements  have  the  strongest  affinities  for  each  other  that  de- 
composition is  most  easily  effected.  Thus  iodide  of  potassium  is 
decomposed  much  more  easily  than  iodide  of  lead,  yet  the  affinity 
of  potassium  for  iodine  is  certainly  greater  than  that  of  lead  for  the 
same  element. 

It  is  jn  lliis  manner  that  arise  the  remarliable  phenomena  of  transfer  obsersed  first 
by  Humphrey  Davy, 

If  a  Eolation  of  sulphate  of  soda  be  placed  in  the  glass  a,  dilnte  sulphuric  acid  in 

the  glass  J,  and  water  in  the  glass  c,  and  they  be  connected  together  with  slips  of 

amianthus,  motstened  to  allow  the  passage  of  the  current,  and  the  positive  electrode 

Bi 
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of  a  battery  be  immersed  in  o,  and  the  nega- 
tive in  c,  tlie  sulphate  of  soda  will  be  decom- 
posed, and  its  alkali  will  appear  in  c,  altlioujjh 
the  aeid  in  b,  through  wliEch  it  must  have 
passed,  retains  all  its  power.  Here,  then,  was 
^^  the  afbnity  of  the  acid  in  b  fbr  soda  cntnplete- 
—  ly  annuUexl  by  the  superior  attraction  of  the 

negatively  electric  pole  in  c,  and  this  was  considered  to  be  farther  proved  by  the 
acid  preventing  the  passage  of  barytes,  for  which  itaafliiiily  wassomuch  stronget ; 
when  a  contained  nitrate  of  barytes,  the  eajth,  on  entering  into  b,  combined  with 
the  sulphi'ric  acid,  and  went  no  farther.  But  In  these  experiments,  considered  at 
the  time  so  decidedly  in  favour  of  Davy's  theory,  that  which  was  helieved  to  be  the 
obstacle  'O  the  passage  of  the  soda  is  in  reality  the  cause  of  it.  Had  there  been  no 
Soid  in  b,  no  alkali  could  have  passed  across  it,  and  the  barytes  i-emained  combined  , 
only  because,  becoming  insoluble,  it  no  longer  formed  any  portion  of  the  liquid-con- 
ducting medium. 

It  has  been,  indeed,  found,  that  altliough  a  feeble  current  may 
be  transmitted  through  liquid  conductors  without  any  sign  of  de 
composition,  yet,  in  general,  the  passage  of  a  more  powerful  cur- 
rent can  only  be  accomplished  by  means  of  bodies  which  are  at  the 
same  time  decomposed  by  its  influence.  Faraday  proposes  to  term 
the  decomposition  by  the  current  electrolysis  [TjAsK-rpoi',  A-uw],  and 
such  bodies  as  undergo  electrolysis  electrolytes.  It  is,  therefore, 
only  electrolytes  that  are  capable  of  conducting,  and  they  do  so  by 
the  opposite  directions  in  which  the  chains  of  Jiberated  pattides 
move.  That  electrolysis  may  occur,  it  is  necessary  that  the  sub- 
stance be  in  the  liquid  state,  and  hence  all  conducting  power  is  lost 
when  the  body  becomes  solid ;  ice  is  a  non-conductor,  and  it  is  only 
by  being  melted  that  the  chlorides  and  iodides  of  lead  and  silver, 
and  such  bodies,  become  capable  of  conduction,  and  of  being  hence 
decomposed.  But  there  are  many  bodies  which  insulate  when  cold, 
and  yet,  when  heated,  allow  the  current  to  pass  even  before  they 
fuse,  its  passage  being  unattended  by  any  electrolysis,  even  thougli 
the  current  be  very  powerful.  Sulphuret  of  silver,  iodide  and  chlo- 
ride of  mercury,  and  fluoride  of  lead,  are  remarkable  examples  of 

Faraday,  considering  that  the  words  electro-positive  and  electro- 
negative involve  too  much  those  ideas  of  attractive  and  repulsive 
forces  emanating  from  the  poles,  which  have  been  proved  to  be  in- 
correct, proposed  some  changes  of  nomenclature,  which,  if  not 
adopted,  deserve  to  be  at  least  described.  If  we  consider  a  voltaic 
battery  lying  on  the  ground,  with  llie  positive  end  to  the  east,  and 
the  wire  connecting  the  ends  bent  into  an  arch,  similar  to  that 
which  the  sun  describes  in  his  daily  rotation,  the  current  will  flow 
up  from  the  point  of  the  sun's  rising,  and  pass  down  into  the  battery 
opposite  the  point  at  which  he  sets.  If  the  wire  be  now  interrupt- 
ed by  a  decomposing  cell,  the  surface  at  which  the  current  enters 
the  liquid  may  be  termed  the  anode  (ava,  upward),  and  the  other  the 
cathode  (Kara,  downward);  oxygeii,  chlorine,  and  such  bodies  are 
evolved  npon  the  surface  of  the  anode,  whfle  from  the  cathode  hy- 
drogen and  the  metals  are  liberated.  The  elements  which,  by  their 
combination,  form  electrolytes,  Faraday  proposes  to  term  ions,  («jf«, 
ond  to  distinguish  them  into  anions  which  pass  to  the  anode,  and 
ctttiotis  which  pass  to  the  cathode.  Electro-negative  bodies  are 
therefore  anions,  and  electro -positive  substances  are  cations  in  Far- 
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(tday's  nomenclature.     These  names  are  shorter,  and  involve  less 
theory  than  the  older  terms,  and  hence  deserve  adoption. 

The  most  important  principle  that  has  been  as  yet  discovered, 
connecting  the  agencies  of  electricity  and  affinity,  is  the  law  of  def- 
inite electro- chemical  decomposition.  If  the  same  current  of  elec- 
tricity pass  through  a  series  of  electrolytes,  it  will  decompose  a 
quantity  of  each  which  is  proportional  to  its  chemical  equivalent. 
Thus,  at  the  same  time  and  by  the  same  force,  there  are  obtained 

8    grains  of  Oxygen  and      1     of  Hydrogen  from     9    parts  of  water. 
3S-4       "        Chlorioe  and      I      "  Hydrogea    "      38-4      "      muriatic  aeid. 
35-4       "        Chlorine  and  lOS'     "Silver  "     1434      "      ehlorids  of  silveu 

I2S-3       "        Iodine  and     103-6  "  Lead  "    239  9      "      iodide  of  lead. 

The  principle  of  definite  electro-chemical  action  may  be  applied 
to  measure  the  quantity  of  electricity  which  is  circulating  in  the 
current,  for  by  collecting  the  substances  evolved  in  the  decomposing 
cell,  we  may  obtain  a  standard  to  which  al!  other  effects  may  be  re- 
duced. In  such  case  the  decomposing  cell  becomes  a  voltameter,  or 
measurer  of  voltaic  electricity.  One 
of  its  most  convenient  forms  consists 
in  a  conical  vessel,  A,  terminated  bj  a 
tube,  B,  in  the  neck  of  which  are  so! 
dered  the  platina electrodes  in  connex- 
ion with  the  battery ;  the  vessel  am 
tube  being  filled  with  water,  which  i 
rendered  easily  decomposible  by  the  i 
addition  of  sulphuric  acid,  the  circuit 
is  completed  ;  a  quantity  of  oxygen  and  hj  dcoeen,  proportional  to 
the  amount  of  electricity  which  paste's,  is  evolved,  ind,  issuing  from 
the  aperture  at  C,  may  be  collected  m  an  in(erted  glass  and  meas- 
ured. A  variety  of  other  forms,  not  differing  m  principle,  have  been 
proposed  and  are  in  use. 

If  the  absolute  identity  of  electrical  and  chemical  agency  be  in- 
sisted on,  then,  in  aJl  electrolytes,  the  elements  must  be  held  togeth- 
er by  the  same  force,  since  they  require  the  same  amount  of  elec- 
tricity to  produce  decomposition ;  and  we  should  return  nearly  to 
the  principles  of  Berthollet,  that  chemical  affinity  was  equally  pow- 
erful for  all  bodies,  and  merely  appeared  to  vary  from  external  in- 
fluences j  but  this  would  be  a  rash  and  uo  philosophic  a!  conclusion ; 
the  electrolytes  are  but  one  class  of  chemical  bodies,  those  which 
are  primary  compounds,  of  an  equivalent  of  each  element ;  the  cur- 
rent does  not  act  upon  deutoxides  or  bichlorides,  and  on  double 
salts  its  agency  is  exceedingly  complicated.  All  that  can  be  infer- 
red from  this  very  beautiful  result  is,  that  the  elements  of  bodies 
combine,  in  separating  from  each  other  under  the  influence  of  a  cur- 
rent, al!  with  the  same  quantity  of  electricity,  and  that,  as  the  spe- 
cific heats  of  the  ultimate  particles  of  bodies  have  been  already 
found  to  beat  a  simple  relation  to  each  other,  the  specific  electrici- 
ties may  follow  an  equally,  or  still  more  simple  law. 

Having  thus  esamined  the  important  phenomena  produced  in  the 
decomposing  ceil,  the  current  being  considered  as  originating  in 
any  sufficient  source,  we  shall  pass  to  the  discussion  of  what  oc- 
curs in  the  generating  cell,  where  the  current  which  passes  through 
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the  otlier  is  evolved  by  tlie  mutual  action  of  the  liquid  and  solid 
elements  of  the  voltaic  battery. 

For  the  ^eneia^ion  of  the  current,  it  has  been  already  shown  to 
be  necessary  that  the  liquid  excitant  should  be  aa  electrolyte,  and 
that  the  solid  elements  should  occupy  positions  in  the  electro- 
chemical scale  as  remote  as  possible  from  each  other  in  relation  to 
the  liquid  which  is  employed.  That  the  solid  elements  also  should 
be  couductors,  by  which  the  selection  is  limited  to  the  metals  and 
to  some  forms  of  carboa.  Now,  when  a  slip  of  zinc  is  immersed  in 
an  electrolyte,  which  we  shall,  for  simplicity,  consider  for  the  future 
^™j  to  be  muriatic  acid,  the  particfes  of  the  acid  are  broug-ht 
^  /"/  into  a  state  of  excitation,  the  molecules  of  hydrogen  be- 
coming positively  excited,  and  those  of  chlorine  becom- 
ing negative.  This  condition  has  been  already  described 
(page  132)  as  being  that  of  the  acid  particles;  but  it  is 
now  necessary  to  indicate  more  nearly  the  immediate 
manner  in  which  it  is  produced.  The  mass  of  zinc  itself,  which 
we  before  considered  as  having,  like  a  magnet,  its  positive  excita- 
tion referrible  to  one,  and  its  negative  to  the  other  extremity,  must 
also,  like  the  magnet,  he  looked  upon  as  consisting  of  a  great  num- 
ber of  excited  elements,  each  of  which  has  its  positive  and  nega- 
tive extremities  ;  or,  for  greater  definiteness,  they  may  be  consid- 
ered as  grouped  in  pairs,  of  which  one  molecule  is  positively  and 
the  other  negatively  excited.  The  condition  of  the  shp  of  zinc  of 
the  last  figure  may  therefore  be  represented  as  in  the  figure  at  the 
A  side,  the  particles  of  zinc  being  con- 

W°°W^^^''°W^r^/XM^i^  taincd  in  the  shaded  bar,  and  those 
%ZJZ^^i^^^^  of  the  Hquid,  consisting  of  chlorine 
Zii.  Zn,  Zn.  Zii.  CI.  11.  CI.  H.  and  hydrogen,  represented  outside 
of  it.  The  terminal  particle  of  zinc  becoming  positive,  and  the 
nearest  particle  of  chlorine  becoming  negative,  there  would  result 
immediate  union  if  no  other  action  interfered;  but  the  chlorine  is 
held  back  by  the  positive  molecule  of  hydrogen  with  which  it  is 
united,  and  so  the  action  continues  balanced,  no  matter  how  far  the 
series  may  extend  on  either  side.  If,  now,  the  plate  of  copper  be 
introduced  so  «"  ■o  complete  the  circuit,  and  to  allow  the  passage  oi 
the  galvan'  ,«rrent,  it  is  easy  to  see  how  the  decomposition  of  the 
exciting  Huid  follows ;  for  although,  in  the  arrangement  above  de- 
scribed, the  inductive  excitement  is  most  active  at  A,  and  diminish 
es  from  thence  as  it  extends  along  the  zinc  upon  the  one  hand,  and 
through  the  fluid  upon  the  other,  yet  when,  as  in 
the  figure,  the  circuit  is  completed,  the  action  be- 
comes equally  powerful  all  through ;  the  particles 
of  copper  assume  a  condition  similar  to  those  of 
the  zinc,  hut  in  the  reverse  order,  the  molecule 
next  the  acid  he'ing  negative,  and  that  becoming 
positive  whjch  is  in  contactwith  the  zinc,  andhenco 
a  complete  chain  of  inductively  polarized  particles 
being  established,  precisely  such  as  are  represented 
by  cuttings  of  silk  thread  which  convey  a  current 
from  an  electric  machine  thror.g-h  oil  of  turpentine  ;  the  molecular 
arrangement  being  represented  in  the  following  figure.     Such  be- 
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ing  the  position  of  flie  mutnally-ex cited 
molecules,  the  electricities  of  the  particles 
of  zinc  and  chlorine  nearest  to  each  other 
combine,  and  their  neutralization  is  follow- 
ed by  that  of  the  entire  chain  j  the  adjacent 
particles  of  zinc  and 
ihjorine  then  unite, 
ind  the  hydrogen,  dis- 
engaged, is  thrown  Acid, 
ipon  the  second  particle  of  chlorine,  its  hy- 
i  drogen  upon  the  third  chlorine  molecule,  hy 
whicli  the  hydrogen  it  had  previously  been 
united  witli,  being  thrown  off,  ie  emitted  under 
the  form  of  gas. 

The  three  distinct  stages  in  this  reaction  are,  therefore,  1st,  The 
mutual  excitation,  by  inductive  polarization  of  the  zinc  and  muriatic 
acid.  This  is  the  fundamental  fact  due  to  the  chemical  relations  of 
these  bodies.  2d,  The  completion  of  the  chain  of  inductively  polar- 
ized particles,  by  the  intervention  of  the  copper  plate  and  connect- 
ing wire.  3d,  The  passage  of  the  current,  and  the  consequent  de- 
composition of  the  liquid  electrolyte  in  the  cell,  the  chlorine  being 
evolved  upon  the  zinc,  with  which  it  enters  into  combination,  and, 
the  hydrogen  being  eliminated  upon  the  surface  of  the  copper  plate. 
The  source  of  the  current  is  therefore  not  to  be  found  in  the  de- 
composition of  the  acid,  for  it  precedes  it ;  but  the  quantity  of  chem- 
ical action  in  the  generating  cell  is  proportional  to  the  quantity  of 
electricity  which  passes,  for  it  is  produced  entirely  by  its  figency. 
There  is,  therefore,  no  difference  in  reality  between  the  generating 
and  the  decomposing  cell  j  the  action  in  each  is  equally  produced 
by  the  passage  of  the  electric  current ;  but  in  the  generating  cell, 
one  element  at  least,  the  chlorine,  is  absorbed  bythe  e!cctrode(the 
zinc)  on  which  it  is  evolved,  and  the  amount  of  obstacle  presented 
to  the  passage  of  the  current  is  proportionally  less. 

Such  is  the  theory  of  galvanism  which  I  believe  to  be  most  con- 
sistent with  all  the  results  hitherto  obtained.  The  current  cannot 
have  its  origin  in  the  contact  of  solid  bodies,  for  it  remains  the  same, 
no  matter  how  much  the  circumstances  of  contact  may  be  changed ; 
and  by  every  alteration  of  the  conditions  of  chemical  action,  it  va- 
ries in  direction  and  in  poiver,  although  the  relations  of  the  solid 
bodies  which  are  in  contact  are  not  affected.  Neither  does  the  cur- 
rent arise  from  the  transfer  of  elements  which  occurs  in  the  gener- 
ating cell,  for,  on  the  contrary,  the  transfer  of  elements  results  from 
the  passage  of  the  current,  indicating  its  direction  and  measuring 
its  amount ;  but  the  current  arises  from  the  continuous  restoration 
through  the  copper,  or  positive  elf  ment,  of  the  excitation  produced 
by  the  tendency  of  the  zinc  to  combine  with  the  chlorine  of  the  mu- 
riatic acid.  In  fact,  although  I  have  hitherto  considered  the  zinc  as 
only  influencing  the  acid  by  means  of  a  disposition  to  unite  with  one 
of  its  constituents,  yet  such  expressions,  being  rather  abstract  and 
indefinite,  may  in  the  present  case  be  laid  aside.  The  zinc  does, 
on  immersion,  decompose  a  certain  quantity  of  acid,  of  which  the 
hydrogen  is  evolved  in  the  form  of  gas,  constituting  upon  the  sur- 
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face  of  the  ziiic  an  exceedingly  thin  layer.  The  chlorine  is  then  in 
a  state  of  combination,  which  is  not  without  analogy  in  other  cases ; 
that  is,  in  presence  of  two  substances  for  which  its  affinity  is  eqtial- 
ly  intense,  it  is  disposed  to  unite  with  either,  according  as  external 
forces  intervene,  and  is  determined  to  the  zinc  by  the  establishment 
of  the  current. 

The  proofs  that  hydrogen  must  be  thus  nascently  liberated  upon 
the  surface  of  the  zinc  are  to  be  found  in  a  phenomenon  already 
noticed  under  the  haad  of  affinity — the  precipilation  of  one  metal 
from  its  salts  by  means  of  another  having  a  greater  affinity  for  ox- 
ygen than  it.  If  we  immerse  in  a  solution  of  sulphate  of  copper  a 
slip  of  pure  zinc,  there  is  instantly  a  deposition  of  copper,  which 
we  must  ascribe  to  the  superior  affinity  of  zinc  for  oxygen  and  sul- 
phuric acid ;  but  when  the  zinc  ha%  become  thus  siieathed  in  metal- 
lic copper,  the  decomposition  would  cease,  by  the  access  of  the  acid 
being  prevented,  were  it  not  that  the  copper  deposited  acts  as  the 
copper  element  of  a  galvanic  circuit,  and  the  subsequent  decompo- 
sition proceeds,  each  new  portion  of  copper  being  deposited  on  the 
outside,  farthest  from  the  zinc,  the  action  of  which  becomes  thus 
at  every  moment  more  intense.  If  hydrogen  had  a  physical  consti- 
tution, such  as  would  enable  it  to  act  as  the  positive  element  of  a 
simple  galvanic  circle,  then,  no  doubt,  the  purest  zinc  would  decom- 
pose the  muriatic  acid,  the  circuit  being  completed  by  the  hydrogen 
evolved ;  but  such  is  not  the  case,  owing  to  its  gaseous  form  ;  but  it 
being  that  alone  which  is  the  obstacle,  the  previous  step,  which  de- 
pends simply  on  the  cheraica!  affinity  of  hydrogen  and  chloriue,  may 
reasonably  be  considered  to  have  occurred. 

The  action  of  electricity  in  separating  tlie  elemenls  of  bodies  is  scarcely  of  greater 
inlereat  or  importance  from  the  ideas  it  suggests  of  the  nature  of  ohernica!  affinity, 
than  it  becomes  as  a  means  of  presenting  to  each  other,  under  the  moat  favourable 
circamstancea  for  union,  the  ^ifierent  elements  of  the  voltaic  circuit,  and  thus 
causing  the  formation  of  bodies  for  whose  construction  the  ordinary  processes  of 
the  laboratory  are  much  too  violent  and  abrupt.  In  this  way  some  vS  the  most  re- 
marltable  substances  of  the  mineral  hingdom  may  be  artificially  produced,  the  se- 
cretion of  the  metalliferous  ores  into  the  veins  and  cavities  of  rocks  accurately  rep- 
resented, and  bodies,  whose  aifeiities  for  each  other  rank  as  the  moat  intense,  com- 
pletely, though  silently  and  gradually,  separated  from  each  oiher.  It  is  to  Becque- 
•rel  that  we  owe  almost  all  our  knowledge  of  this  importafit  function  of  electricity ; 
from  him  we  have  also  received  the  important  lesson,  that  it  is  not  in  the  brilliant 
effeeta  of  the  great  batteries  of  Davy  or  of  Daniell  that  we  must  seek  a  olew  to  the 
history  of  the  electrical  processes  of  chemical  affinity,  but  in  the  slow  but  uninter- 
mitting  action  of  currents  of  such  low  intensity  that  a  drop  of  pure  water  would  he 
an  insuperable  obstacle  in  their  path.  The  electricity  to  he  emjiloyed  in  the  artifi- 
cial formation  of  compound  bodies  must  be  such  as  is  generated  by  a  sinigle  pair, 
and  these  generally  of  metals  whose  similarity  prevents  that  current  from  being  of 
great  amount. 

■"  "lenomena,  into  the  examination  of  which  I  cannot  enter  with  much  de- 

st  observed  by  means  of  a  tube  bent  into  a  U  shape,  and  at  the  bottom 
of  which  is  interposed  a  porous  partition  of  elaj  or  plaster  of 
Paris ;  the  liquids,  whose  mutual  reaction  is  to  generate  the  new 
substance,  are  placed  in  the  legs  of  the  tube,  one  at  each  side  of 
the  partition,  through  the  pores  of  whieli  they  gradually  mix  with 
each  other.  The  voltaic  current  is  then  supplied  either  _by  con- 
necting the  liquids  with  the  poles  of  a  feeble  battery,  or  by  im- 
mersing in  one  leg  a  zinc,  and  in  the  other  a  copper  or  platina 
plate,  connected  hy  a  wire  with  each  other.  If  a  solution  of  car- 
ite  of  soda  and  of  sulphate  of  copper  be  thus  brought  to  act 
one  another,  a  double  carbonate  of  copper  and  eodaorys- 
tailises  on  the  plate  immersed  in  the  copper  liquor ;  and  if  then 
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the  soliitinn  of  soila  be  replaced  by  ordinary  water,  a  new  curr 
which  decomposes  the  first  product,  and  forms  a  new  crystallization  of  carbonate  of 
copper.  If  the  aino  leg  be  filled  with  a  solution  of  oxide  of  zinc  in  potash  water, 
and  a  solution  of  nitrate  of  copper  be  placed  on  the  copper  sjtle  ac]'3stallzation  of 
oxide  of  zinc  Is  produced  upon  the  zinc  platj?  and  a  deposition  of  cr)  stalhzed  cop- 
per upon  the  naetallic  surface  in  the  other  tube. 

By  using  two  liquids  which  have  unequal  chemical  actions  on  a   , 
strip  of  metal,  this  may  be  made  to  precipitate  itself,  being  reduced  at 
one  extremity  according  as  it  is  dissolved  at  the  other.    Thus  if  the 
glass  Abe  filled  with  solationofnitrateof  copper  too,  and  then  wnter 
rendered  slightly  acid  by  nitric  acid,  be  gendy  added,  up  to  the  level  ^ 
of  B,  a  slip  of  copper,  introduced  soas  to  present  equal  siiitact 
tlie  two  liquids,  generates  a  current  which  passes  up  through  ita  n 
and  down  from  the  lighter  to  the  denser  fluid ;  the  copper  dissolves  am 
therefore,  aiove,  and  the  salt  formed  being  eleetrolyzed  by  the  cur      " 
its  metal  is  deposited  on  the  lowest  surface  under  the  form  of  crys 
and  this  is  continued  until  the  free  acid,  and  hence  the  electromotive , 
force  in  the  liquid,  becomes  equal,  when,  of  course,  no  current  pa: 

Dr.  Bird,  who  has  extended  considerably  the  results  obtained  bj  Becq  lerel  has 
constructed  an  apparatus  for  such  reactions,  with  which  he  has  obta  ned  ui  an  iso 
lated  form,  those  simple  bodies,  as  boron,  silicon,  potassium,  &c   whose  compounds 


it  ordinary 
posing  cell.  This  last  is  a  glass  cylin- 
der, a,  within  another  glass  cylinder, 
ft.  The  inner  one,  a,  is  four  inches 
long,  and  an  inch  and  a  half  in  diame- 
ter, and  is  closed  at  the  lower  end  by 
a  plug  of  plaster  of  Paris,  0  T  inch  in 
thickness.  This  cylinder  is  supported 
within  the  other,  ft,  which  is  an  ordi- 
nary jar,  about  eight  inches  deep  and 
two  inches  diameter,  by  means  of 
wedges  of  cork.  A  piece  of  sheet  cop- 
per, c,  four  inches  long  and  three  inch- 
es wide,  having  a  copper  conducting 
wire  soldered  to  it,  is  loosely  coiled  up 
and  placed  in  the  inner  cylinder,  while 
a  piece  of  sheet  zinc,  of  equal 
outer  cylinder,  ■  ■    ' 


ofageneia  n   a  dofadeconi 


le  bottom  of  the 


0  coiled  up  and  laid  oi 
it  being  also  furnished  with  a  conducting  wire,  i  ne  ouier  cyimuer 
iarly  filled  with  a  weak  brine,  and  the  smaller  with  a  saturated  so- 
lution of  sulphate  of  copper ;  the  two  fluids  being  prevented  from  mixing  by  the 
piaster  of  Paris  diaphragm.  Alter  it  has  been  in  .action  for  some  weeks,  chloride  of 
zinc  is  found  in  the  eternal  cylinder,  and  heautifnl  crystals  of  metallic  copper,  fre- 
quently mixed  with  the  ruby  protoxide  (closely  resembling  the  native  ruby  copper 
ore),  and  large  crystals  of  sulphate  of  soda,  are  found  adhering  to  the  copper  plsto 
in  the  smaller  cylinder,  especially  on  that  part  where  it  touches  the  plaster  diapliragm. 
The  apparatus  is  completed  by  the  decomposing  cell,  which  is,  in  fact,  a  counterpart 
of  the  battery  itself,  consisting,  lilte  it,  of  two  glass  cyUnders,  one  within  the  other, 
the  smaller  one  having  a  bottom  or  floor  of  plaster  of  Paris  fixed  into  it ;  this 
smaller  tube  may  be  about  half  an  inch  wide  and  three  inches  in  length,  and  is  in- 
tended to  hold  the  metallic  solution  submitted  to  experiment,  the  external  tube,  i. 
Into  which  it  is  immersed  being  filed  with  a  weak  solution  of  common  salt.  Into 
the  latter  solution,  a  slip  of  amalgamated  zinc  (for  the  positive  electrode),  soldered 
to  the  wire  coming  from  the  copper  plate  of  the  battery,  is  immersed,  while  for  the 
negative  electrode,  a  slip  of  platina  foil,  lixed  to  the  wire  from  the  zinc  plate  of  the 
battery,  passes  through  a  cork,  e,  fixed  in  the  mouth  of  the  smaller  tube,  and  dips 
into  the  metallic  solution  it  contains. 

The  influence  which  electricity  thus  exercises  upon  affinity,  and  the  modifications 
in  its  results  producible  by  its  means,  although  proving  a  most  intimate  connexion, 
do  not  go,  as  1  believe,  so  far  as  to  demonstrate  a  complete  identity  of  cause.  It 
is  possible  that,  hereafter,  some  subUme  generalization  may  embrace  the  phenom- 
ena of  heat,  of  light,  and  of  electricity,  of  cohesion  and  gravity,  as  well  as  of  chem- 
ical affinity,  within  one  law,  and  indicate  how,  by  varied  manifestations  of  a  single 
agent,  their  separate  peculiarities  may  arise ;  but,  though  we  may  look  forward  to 
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Eonh  a  state  of  science,  we  dare  rot  rashly  seek  to  anticipate  its  approach ;  and  I 
look  upon  electricity  as  producing  and  being  produced  by  chemical  plienoniena, 
precisdy  as  we  find  heat  to  influence  as  well  as  to  be  eyolved  by  chemical  combi- 

Where  eleclricity  is  brought  into-'play  so  powerfully  by  Hie  action  of  a  simple 
body  upon  a  compound  fluid,  it  is,  I  consider,  unreaaonaWe  to  unagino  that,  in  the 
combination  of  simple  bodies,  or  of  cofuponnd  bodies  ^with  each  (ither,  no  electricity 
should  be  set  free,  particularly  when  it  ia  proved  that  in  such  oases  some  electri- 
city does  appear,  although  m  quantity  l>earing  no  proportion  to  that  of  the  feeblest 
galvanic  battery.  If  I  were  to  suggest  an  electro-chemical  theory,  such  as  might 
agree  with  the  facts  that  have  hitherto  been  discoTered,  I  should  consider  that  bod- 
ies in  their  free  state  are  perfectly  destitute  of  excitation;  but  that  chemical 
union,  or  the  degree  of  intimate  approximation  which  precedes  union,  may  be  a 
source  of  electrical  disturbance,  and  is  that  which,  in  ail  ordinary  oases,  gives  ori- 
gin to  tiie  electricity  employed  in  our  experiments,  "VVhen  united,  bodies  are  like- 
wise destitute  of  electrical  properties ;  in  iodide  of  potassium,  the  bond  is  tbe  affin- 
ity of  iodine  and  potassium  for  each  other,  and  not  that  the  iodine  is  in  a  perma- 
nent stale  of  negative  eKcitation  wliiie  the  potassium  remains  positive. 

If  hydrogen  gas  be  burned  w  oxygen,  there  ia  evolution  of  electricity,  of  which 
only  a  trace  escapes  immediate  recombination  under  the  form  of  light  and  heat,  but 
the  existence  of  which,  in  a  highly  intense  form,  has  been  demonstrated  by  PouiJ- 
let.  Tiie  oxygen  and  the  vapour  of  water  produced  assume  the  positive  condition  ; 
the  residual  hydrogen  becomes  negative.  If  carbon  be  burned  in  oxygen,  there  ia 
likewise  combustion  and  evolution  of  electricity,  of  which  the  positive  passes  off 
with  the  carbonic  acid,  and  the  negative  nests  upon  the  carbon.  The  evolution  of 
beat  may  be  in  tUese  cases  an  independent  eflect  of  combination,  bat  I  would  look 
upon  it  as  being  more  probabjy  the  result  of  the  union  of  the  electricities  evolved. 
If  the  bodies  which  act  upon  each  other  are  disBolved  in  water,  there  is  no  combus- 
tion, but  heat  is  BtiU  evolved,  and  the  electricities  unite  with  one  another  without 
the  necessity  for  any  intermediate  circuit.  It  is  only  where  the  replacement  of 
one  body  by  another  occurs,  that  the  eatalilisbment  of  the  chain  of  inductively  po- 
lariied  molecules  becomes  necessary ;  fot  the  particles  of  zinc  and  hydrogen,  which 
become  oppositely  united,  have  no  power  to  combine,  and  hence  cannot  be  restored 

to  neutrality  unless  by  the  medium  of  a  third  body,  tc  " 

excitations.    That  the  zinc  and  hydrogen  upon  the  i 

hydrogen  upon  the  other,  do  not  ujlile,  is,  I  e 

assume  the  identity  of  chemical  and  electrical,  o 

tive  affinity ;  for  if  a  molecule  of  copper  in  the  acid  stood  in  the  place  of,  and  acted 

as  a  molecule  of  chlorine,  it  should  unite  with  the  hydrogen  in  place  of  allowing  it 

to  pass  offfVeo. 

The  act  of  chemical  union  being  such  as  to  produce  electrical  escilatioh  and  dis- 
charge before  it  is  completed,  and  the  permanent  combination  of  the  elements 
being  the  result  of  the  return  to  the  neutral  stale,  it  is  easy  to  understand  that, 
when  these  conditions  are  reversed,  the  cbemical  affinitysliould  be  superseded,  and 
the  bodies  brought  into  the  state  in  which  they  had  been  at  the  moment  of  excita- 
tion, and  while  their  elements,  oppositely  excited,  were  yet  separate  from  each 
other.  A  compound  body  is  therefore,  as  I  apprehend,  decomposed  by  the  bat- 
tery, from  having  this  electrical  slate  given  to  it  by  the  current ;  and  the  transfer 
of  its  elements  across  the  liquid  is  accomplished  by  a  series  of  neutralizations  and 
excitations,  accompanying  the  unions  and  decompositions  by  which  they  pass  to  the 
electrodes,  on  which  they  yield  up  their  ultimate  excitation,  and  appear  isolated 
and  completely  neutral.  The  quantity  of  electricity  necessary  to  decompose  a 
body  is  therefore  tbe  same  as  it  had  evolved  when  its  elements  entered  into 
union,  and  it  should  hence  follow  that  the  current  of  electrioity  evolved  in  the 
union  of  chemical  equivalents  of  the  simple  bodies  with  each  other  should  he  the 
same.  That  this  actually  occurs  appears  probable  from  the  analogy  of  heat ;  an 
equivalent  of  oxygen,  in  combining  with  various  metals,  evolves  the  same  quantity 
ofheat,andif  tbe  heatbeaconsequenceoftheneutralizatlonof  electricity,  the  quan- 
tity of  this  evolved  should  be  tbe  same  also.  It  appears,  likewise,  that  an  equivs' 
lent  of  Bulphario  acid,  in  combining  with  diSbrent  bases,  evolves  tbe  same  quantity 
of  heat,  and  to  decompose  the  various  salts  thus  formed,  the  same  quantity  oi 
electricity  slioUM  be  required  ;  and  hence,  that  the  two  actions,  so  eompletoly  equiv- 
alent to  each  other,  may  satisfactorily  be  referred  to  the  same  source. 

Such  is  the  interpretation  1  put  upon  tiio  phenomena  of  electro- chemical  decom 
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position,  and  tlie  relations  of  electrical  forces  to  affinity.  In  the  molecular  condition 
of  polar  excitation  which  accompanies  the  passage  of  a  current,  I  adopt  fully  the 
peculiarly  explicit  mode  of  representing  he  actions  of  tlie  bodies  on  eadi  other 
proposed  by  Graham,  but  I  consider  it  toe  hypothetical  to  assume  that  such  mole- 
cular state  naturdly  exists  in  bodies :  it  may  or  it  may  not ;  but  in  the  absence  of 
evidence  that  it  does,  I  am  not  inclined  to  presuppose  it  unnecessarily.  1  look  upon 
the  current  as  being  produced  by  the  unioD  of  opposite  polarities,  which  are  them- 
selves not  the  cause,  but  the  cwisequence,  of  tl\e  chemical  affinities  of  bodies. 
Graliam  is  not  disposed  to  admit  that  tiie  union  of  simple  bodies  may  he  accom- 
panied by  an  electrical  phenomena,  and  to  exclude  also  from  the  application  of  sii 
electro-chemical  theory  the  combination  of  acids  and  of  bases  with  each  other,  as 
not  capable  of  generating  currents ;  but  the  reason  of  this  is,  as  I  imagine,  that  the 
currents  so  generated  are  necessarily  closed. 

In  concluding  the  admirable  treatise  on  electricity  with  which  he  has  enriched 
Bcienlific  literature,  M.  Becquerel  details  the  views  which  he  has  adopted  regarding 
the  electro-chemical  relatijins  of  bodies ;  and  although  they  are  not  expressed  with 
the  definiteness  which  might  be  wished  from  so  admirable  a  philosopher,  I  shall 
endeavour,  in  concluding  this  section,  to  give  a  short  description  of  them.  In  the 
main,  they  do  not  differ  much  from  the  prinoiples  of  electro-chemical  combination 
which  I  have  long  since  adopted,  and  which  have  been  already  noticed. 

M.  Becqnerel  considers  that  in  ail  bodies  there  is  distributed  a  quantity  of  elec- 
tricity indefinitely  great,  which  is  so  intimately  connected  with  their  molecular 
constitution,  that  it  is  disturbed,  and  eseitation  produced  in  all  oases  where  mole- 
cular disarrangement  is  produce! ;  hence  pressure,  friction,  an  unequal  distribution 
of  heat,  &e.,  are  sources  of  electricity. 

Cheiaical  affinity  is  also  a  source  of  electrical  disturbance.  When  an  acid  com- 
bines with  an  alltali,  the  first  sets  free  positive  electricity,  and  the  second  an  equal 
quantity  of  negative  electricity;  tliese  two  combine  immediately  in  the  liquor,  form- 
ing neutral  Huid,  and  prodace  as  many  currents  as  there  had  been  particles  in  ac- 
tion ;  now  this  multitude  of  little  currents  ought  to  determine  the  production  of  a 
quantity  of  heat,  depending  on  the  energy  with  which  the  afiinity  was  manifested, 
and  the  conducting  power  of  the  liquid.  In  decompositions,  the  electrical  effects 
are  inverse,  that  is,  the  acid  takes  the  negative,  and  the  alliali  the  positive  electri- 
city ;  hence  it  may  be  concluded,  as  M.  Uecquerel  had  already  stated  with  regard 
to  aggregation,  that  if  electricity  does  not  constitute  affinity,  it  is  at  least  indispen- 
sable to  its  manifestation,  since  it  is  always  subjected  to  the  same  laws  every  time 
that  simple  or  compound  atoms  unite  or  separate.  From  alt  considerations,  it  ap- 
pears that  the  electricity  produced  by  chemical  action  is  only  an  effect  resultmg 
from  the  action  of  the  affinities  brought  into  play ;  and  this  effect  being  brought  into 
inverse  action  in  decomposition,  announces  at  the  same  time  a  laolaealar  electric 
state,  indispensable  to  the  permanent  union, of  the  elements  of  compound  bodies. 

To  explain  decomposition  by  a  current  of  electricity,  M.  Becquerel  adopts  Am- 
pere's idea  of  electrical  atmospheres,  although  he  denies  that  any  bodies  are  natu- 
rally or  permanently  in  a  positive  or  negative  condition ;  but  he  supposes  that  the 
neutral  condittou  of  a  body  consists  in  the  molecule  being  either  positive  or  nega- 
tive, and  being  surrounded  hy  an  atmosphere  in  aa  opposite  state.  When  bodies 
unite,  the  union  of  their  atmospheres  produces  light  and  iieat,  and  the  molecules  re- 
main excited  while  in  union,  although  the  union  is  the  cause  of  the  electrical  dis- 
turbance, and  not  its  effect.  Now,  when  zino  is  put  in  contact  with  water,  this  laat 
is  decomposed,  and  there  is  hence  a  disturbance  of  electricity;  the  partieleofzino 
abandons  its  negative  atmosphere,  and  unites  in  a  positive  condition  with  the  neg- 
~,  oxygen ;  the  hydrogen  is  liberated  nascent  also,  and  highly  pes- 
:e  the  oxygen  would  he  balanced  between  the  two  equally  positive 
.c  and  hydrogen,  and  the  deaeinposttlon  could  not  proceed;  but,  if  a 
, ,  be  introduced,  this  supplies  a  negative  atmosphere  to  the  hydrogen, 
which,  becoming  neutral,  is  evolved  as  fas,  and,  transferring  its  positive  electricity 
to  the  point  of  contact  with  the  zitia,  neutralizes  its  excess  of  negative  excitement, 
and  generates  the  current.  M.  Becqnerel  refers  the  chemical  action  of  the  current 
in  the  decomposing  cell  to  each  electricity  setting  the  same  electricity  of  the  com- 
pound in  motion  in  the  same  direction  with  which  the  particles  are  transferred  by 
a  series  of  combinations  and  deoompositiona,  as  has  been  already  described,  until 
the  limits  of  the  »ibBtance  4re  attained,  and  then  the  elements  are  evolved  in  tha 
neutral  state. 
M.  Uecquerel  has  endeavoured  to  apply  the  aganoy  of  oleotricity  to  determine  the 
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relative  affinities  which  bodies  have  for  each  other.  His  principle  is  as  follows :  ii 
nitrate  of  copper  and  nitrate  of  silver  be  dissolved  together  in  equal  quantities,  and 
deconiposeii  by  a  galvanic  current,  the  nitrate  of  silver  alone  is  at  first  affected,  be- 
cause the  aflinity  of  the  silver  for  the  osygen  and  acid  is  sn  much  less  than  that 
of  the  copper  for  the  same.  But,  when  the  quantity  of  nitrate  of  copper  is  graduaUy 
increased,  a  term  is  arrived  at  when  the  electric  current  is  exactly  equally  divided 
botween  the  two  metals,  the  greater  quantity  of  copper  making  up  for  the  greater 
resistance  it  offers  to  the  decomposing  power.  His  results  are,  that  when  the  solu- 
tion contains  twenty  parts  of  copper  to  one  of  silver,  tlie  current  acts  equally  on 
both ;  when  the  copper  is  35  to  1,  the  current  acta  as  if  it  divided  itself  3  to  the 
copper  and  J  to  the  silver ;  and  when  the  quantity  of  cupper  is  tliirly  times  that 
of  the  silver,  there  are  three  equivalents  of  the  copper  salt  decomposed  for  one  of 
the  salt  of  silver.  M.  E.  Beequerel  iias  essayed  the  same  important  problem  in  a 
different  way,  by  testing  the  power  of  solutions  of  chlorine,  iodine,  and  bromine,  to 
absorb  nascent  hydrogen  and  nascent  oxygen,  evolved  in  their  mass  by  means  of  a 
galvanic  current.  His  results  appear  to  show  that  the  affinities  are  expressed  by 
the  numbers;  for 

rciren.  1  Oxveea. 

1G9 
380 
469 

'J'hese  two  series  are,  however,  independent  of  each  other,  and  afford  no  mutual 
term  of  comparison  whatsoever. 

It  is  to  be  trusted  that  such  investigations,  conducted  with  the  ingenuity  and  ac- 
curacy which  the  Becqneiels  can  so  well  apply,  may  lead  to  results  of  the  highest 
interest  to  science.  The  reduction  to  numerical  laws  of  the  influence  of  quantity 
on  alfinity,  and  the  determination  in  numbers  of  the  tendencies  of  the  simple  bodies 
to  unite,  would  certainly  advance  Che  condition  of  chemistry,  as  an  exact  Gcience> 
in  a  remarliablo  degree. 


CHAPTER  IX. 

ON    THE    LAWS    OF    COMBINATION. 

The  gensra.!  nature  of  affinity,  and  the  modifications  which  it  un- 
dergoes from  the  influence  of  the  physical  agents,  having  been  now 
stated,  I  shall  proceed  to  discuss  the  mtmerical  laws  to  which  its  re- 
sults are  subjected,  the  discovery  of  which  was  the  first  step  in  con- 
ferring upon  chemistry  the  character  of  an  exact  science. 

It  is  characteristic  of  chemical  affinity,  that  the  proportions  in 
which  bodies  are  brought  to  unite  by  its  agency  are  limited  upon 
both  sides,  whereas,  in  those  cases  where  molecular  forces  alone 
prevail,  the  proportions,  although  perhaps  limited  in  one  direction, 
are  indefinite  in  the  other.  Thus  a  saturated  solution  of  chloride 
of  sodium  cannot  take  up  any  more  salt,  but  it  may  be  mixed  with  any 
quantity  of  water,  whereas  the  chloride  and  the  sodium,  which  con- 
stitute the  salt,  form  it  only  in  certain  proportions  which  ate  inva- 
riable, 100  parts  containing  always  39-66  of  sodium  and  60-34  of 
chlorine.  If  it  were  not  for  this  constancy  of  proportion,  the  science 
of  chemistry  could  never  have  advanced  beyond  its  merest  elements; 
for,  had  chlorine  and  sodium  been  capable  of  combining  in  all  inde- 
terminate proportions,  or  had  the  properties  which  we  recognise  in 
chloride  of  sodium  been  asctibable  to  compo-mds  of  those  elements 
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m  every  possible  proportion,  no  accurate  ideas  regarding  the  con- 
stitution or  properties  of  bodies  could  have  been  acquired,  and  none 
of  the  benefits  derivable  from  experience  or  experiment  could  have 
been  attained.  The  first  law  of  constitution  is,  therefore,  that  the 
composition  and  properties  of  any  given  substance  are  always  the 

When,  by  the  intervention  of  superior  affinities  or  by  double  de- 
composition, a  compound  body  is  decomposed  and  a  new  compound 
ibrraed,  the  proportions  by  weight  of  the  various  substances  brought 
into  action  have  a  constant  relation  to  one  another,  and,  as  they  rep- 
resent the  quantities  of  the  bodies  which  exercise  equal,  or,  at  least, 
equivalent  combining  powers,  they  are' termed,  when  reduced  to 
numbers,  the  combining  proportions  or  equivalents  of  these  bodies. 
Thus,' if  100  parts  of  oxide  of  copper  be  heated  ia  a  current  of  hy- 
drogen gas,  it  is  reduced,  and  the  hydrogen,  uniting  with  the  oxygen 
which  it  contained,  forms  water.  In  the  100  of  oxide  there  were  79'83 
of  metallic  copper  and  20-17  of  oxygen,  which  last,  taking  2'52  of 
hydrogen,  forms  22-69  of  water...  Now,  in  this  case,  the  2-52  of  hy 
drogen  produce  the  same  result  of  satisfying  the  combining  power  of 
the  20'17  of  oxygen  as  the  79-83  of  copper  ;  and  hence  these  quanti- 
ties of  hydrogen  and  copper  are  equivalent  to  each  other.  This  ex- 
ample may  be,  however,  brought  much  farther.  If,  in  place  of  treat- 
ing the  oxide  of  copper  by  hydrogen  gas,  it  had  been  acted  on  by 
chloride  of  hydrogen,  the  oxygen  should  have  been  carried  off  by  the 
hydrogen,  which  would  abandon  its  chlorine  for  that  purpose;  but 
the  chlorine  should  not  be  set  free  j  it,  on  the  contrary,  would  unito 
with  the  copper  from  which  the  oxygen  had  been  talten,  and  the  re- 
action would  be  so  proportioned  that  the  quantity  of  copper  reduced 
by  the  hydrogen  of  the  chloride  of  hydrogen  would  be  exactly  suf- 
ficient to  unite  with  all  the  chlorine  which  was  therein  contained,  and 
form  with  it  chloride  of  copper.  In  this  case  the  100  parts  of  oxide 
of  copper  would  require  for  its  decomposition  91-73  of  chloride  of 
hydrogen,  and  there  would  be  formed  169-04  of  chloride  of  copper 
and  22-69  of  water.  Here,  as  before,  the  20-17  of  oxygen  uniting 
with  79-83  of  copper  and  2-52  of  hydrogen,  show  their  equivalency  ; 
but  we  learn  in  addition,  that  79-83  of  copper  and  2-52  of  hydrogen 
unite  equally  with  89-21  of  chlorine,  and  hence  that  that  quantity  of 
chlorine  corresponds,  and  is  equivalent  in  combination,  to  20-17  of 
oxygen. 

Starting  from  this  point,  we  may  proceed  to  a  still  more  extend- 
ed range  of  instances.  If  we  treat  sulphuretted  hydrogen  gas  with 
iodine,  we  find  that  it  is  totally  decomposed,  sulphur  being  pre- 
cipitated, and  iodide  of  hydrogen  being  formed.  Now,  taking  the 
quantity  of  the  sulphuret  of  hydrogen,  containing  the  weight  obtain- 
ed in  the  former  example,  2-52  of  hydrogen,  we  find  it  to  be  43'09, 
and  hence  to  contain  40-57  of  sulphur,  which  separates  by  the  action 
of  the  iodine,  of  which  318-28  parts,  uniting  with  the  2-52  of  hydro- 
gen, form  320-79  of  iodide  of  hydrogen.  If  this  iodide  of  hydrogen 
be  next  treated  with  chlorine,  it  abandons  its  iodine,  and  forms  91*73 
of  chloride  of  hydrogen. 

Setting  out,  therefore,  from  100  parts  of  oxide  of  copper,  and 
tracing  its  elements  through  a  variety  of  decompositions,  in  all  of 
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ivhich'the  quantities  engaged  effect  the  same  purpose  of  satisfying  the 
tendency  to  combine,  we  found  for  the  numbers  which  express  the 
equivalent  quantities  of  the  simple  bodies  employed  the  following: 

Copper 79-8S         I  Chliirine     .....     89-31 

Hydrogen a-53  Sulphur      .....     40-57 

Oxygen 20  IT         |  Iodine 318-38 

and  as  the  compound  bodies  formed  are  also  equivalent,  from  (hoir 

being  produced  by  the  same,  or  equivalent  combining  actions,  we 

may  express  also  in  numbers  their  combining  proportions  thus: 

Oxide  of  copper  .     .    .10000         I  Sulphoret  of  hydrogen  .     4309 

Oxide  of  hydrogen   .     .     336!)  Iodide  of  hydn>E«n   .    .  330  ■79 

Chloride  of  hydrogen   .     91'73         ]  Chloride  of  copper    .     .  16904 

It  is  evident  that  if,  in  place  of  oxide  of  copper,  any  other  metal- 
lic oxide  reducible  by  hydrogen  had  been  employed,  its  equiv- 
iilent  should  have  been  obtained,  and  in.  this  way  the  equivalents  of 
the  majority  of  metals  have  been  determined. 

These  numbers  are  quite  arbitrary;  and  any  other  body  in  the 
list  might  as  well  have  been  taken  for  the  origin  as  oxide  of  copper. 
In  practice  such  numbers  are  reduced  to  a  standard,  which  is  taken 
as  1  or  100,  and  for  this  purpose,  oxygen  or  hydrogen,  the  most 
important  bodies,  are  selected. 

Any  number  experimentally  obtained,  as  the  above,  may  be  re- 
duced to  the  standard  scale  by  the  rule  of  simple  proportions  :  thus, 
the  equivalent  of  copper  being  79'83,  oxygen  being  20- 17,  and  hy- 
drogen 2-52,  it  is 

20-17  :  79-83  :  :  100  =  395-7     Oxygen  =100 
and  2-52  :  79-83  :  :       1  =  31-71     Hydrogen  =1 

It  is  difficult  to  decide  which  of  the  two  scales  thus  formed  de- 
serves preference :  the  hydrogen  scale  has  been,  by  the  authority 
of  Davy,  so  long  prevalent  in  these  countries,  that  it  is  difficult  to 
supersede  it ;  and  it  possesses  the  advantage  that  hydrogen  has  the 
smallest  equivalent  of  all  bodies.  The  standard  of  oxygen  is,  how- 
ever, for  use,  the  more  convenient,  as,  in  consequence  of  the  great 
preponderance  of  bodies  in  which  oxygen  exists,  the  calculations 
are  much  simplified  by  its  number  being  100;  and  there  are  but 
two  or  three  bodies  which,  on  that  scale,  require  to  be  expressed 
in  a  fractional  form. 

When  the  study  of  these  equivalent  proportions  first  occupied  the 
minds  of  chemists,  Doctors  Prout  and  Thompson  were  led,  from 
speculations  regarding  the  physical  constitution  of  gaseous  bodies, 
to  suggest  that  the  equivalent  numbers  of  all  substances  were  sim- 
ple multiples  of  that  of  hydrogen;  and  as,  representing  hydrogen 
by  1,  the  other  numbers  therefore  became  all  whoie  numbers,  the 
scale  acquired  thereby  considerable  simplicity.  The  researches  of 
Berzelius  appeared,  however,  to  controvert  that  hypothesis;  and  in 
his  numbers,  which  are,  for  the  most  part,  those  given  in  the  follow- 
ing list,  no  trace  of  such  a  law  can  be  detected;  later  researches 
have  also,  in  the  hands  of  Turner  and  of  Penny,  afforded  additional 
eupport  to  this  oninion ;  but  Phillips  has  lately  reopened  the  dis- 
cussion, and  ijumns  is  inclined  to  consider  the  original  views  of 
Prout  as  being  probably  correct.     In  any  case,  the  numbers  given 
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in  the  list  must  be  looked  upoi 
opf 


1  slight  degri 


:,  still 


In  the  following  table,  the  equivalents  of  all  the  simple  bodies  are 
expressed  on  each  of  these  scales;  and  throughout  this  work  the 
two  equivalent  numbers  will  be  given  for  each  compound  body,  ex 
cept  where  it  is  otherwise  remavltecl. 


Nua,     tLsmnii. 

J^„,v„„„.          1 

ormT 

171  E 

H._l 

Alummim 

Mercury .... 

1365  8 

10143 

Antimony 

1613  9 

1393. 

Molybdenum 

47-96 

940  1 

75  34 

Kicltel     .    . 

3697 

39  62 

Barium 

856  9 

8860 

Nitrogen 

175-0 

1400 

Bismuth 

7110 

Osminm 

1344-5 

09-7S 

Boron 

136! 

10-91 

Oxygen  , 

lOO-O 

801 

Bromine 

978  3 

78  39 

Palladium 

665-9 

53-36 

Cadmium 

696  8 

5583 

Phosphorus 

393-3 

31-44 

Calcium 

S66  0 

20-52 

Platinum 

13335 

98-84 

Carbott 

76  0 

608 

Potassium 

489-9 

39-36 

Cenum 

574  7 

45-05 

6514 

53  3 

Chjorme 

443  6 

Selenium 

494  6 

39-63 

Chromiam 

3518 

9819 

Silicon    . 

277-3 

33-33 

Colialt 

369  0 

S9-57 

Silver     . 

1351-6 

108-3 

2^07  4 

184-90 

Sodium  . 

390  9 

33-31 

Lo].per 

395  7 

31-71 

Strontium 

547-3 

43  85 

nJor  ne 

333  8 

18-74 

Sulphur  . 

301-17 

1613 

Glue  n im 

36-54 

rellurium 

80176 

64-35 

Goii 

3436  0 

19921 

Phorium 

744  9 

69  83 

Hvdro^'en 

13  5 

I -00 

Pin     .     . 

735  39 

58-03 

lodme 

1579  5 

126-6 

Pilatiiam 

303-66 

24  33 

Indmra 

1333  5 

98-84 

Tungsten 

11.83  0 

94-80 

Iron 

339  S 

3718 

Vanadium 

856-B 

68-66 

LanUianum 

Uianium 

3711-4 

317-36 

Lead 

1394  5 

103-73 

Ifttrium  . 

4035 

33-35 

Litiimm 

6-44 

Zino   .     . 

4033 

83-31 

Magnesium 

1681 

13-69 

Zirconium 

4302 

33  67 

Manganesa 

3459 

37-73 

The  deteiminttion  of  the  equivalents  of  compound  bodies  is  an 
equallj  reraaikable  application  of  t lie  principles  that  have  been  laid 
dottn  The  equivalent  number  of  a  compound  is  the  sum  of  the 
equivalent  numbers  of  its  constituents,  as  has  been  already  seen  in 
the  numbers  obtained  for  the  oxides  and  chlorides  of  copper  and  of 
hydrogen.  In  this  way  may  be  constructed  lists  of  the  equivalents 
of  compound  bodies;  thus,  reducing  the  substances  already  noti- 
ced to  the  scales,  there  are  : 


SoUmaca. 

Sub.,.™. 

E,U,V^,„,. 

,.,=,« 

Oxide  of  copper     .    . 
Oxide  of  hydrogen      . 
Cliloride  of  hydrogen. 

495-:i 
112  6 
445-1 

39-73 
901 
3647 

Chloride  of  copper      . 
Iodide  of  hydrogen     . 
Sulphuret  ofhydiogen 

1593  0 
813-7 

67-18 
137-57 
17-12 

It  is  in  relation,  however,  to  the  mutual  decomposition  of  saline 
bodies  that  the  principle  of  equivalent  proportion  becomes  of  most 
interest,  and  by  which  it  is  best  illustrated.  If  to  a  solution  of  ni- 
trate of  barytes  we  add  a  solution  of  sulphate  of  soda,  there  is  im- 
mediate decomposition,  by  the  mutual  interchange  of  acids  and  ba 
ses,  and  the  neutrality  of  the  solution  remains  completely  undisturb 
ed ;  the  salts  which  exist  after  mixture  are  equally  ntiutral  with 
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those  whicli  had  esisted  previously,  and  tKe  quantities  of  aeids  and 
bases  which,  ate  involved  in  the  decomposition  are  hence  equiva- 
lent to  each  other.  Thus,  if  we  take  130'7  parts  of  nitrate  of  ba- 
xytes,  we  iind  that  they  require  for  their  decomposition  exactly  71'3 
parts  of  dry  sulphate  of  soda,  and  that  there  are  formed  1 167  parts 
of  sulphate  of  barytes  and  85-3  parts  of  nitrate  of  soda.  The  com- 
position of  these  four  salts  is: 

I  of  Svda. 


Salphale  of  Barylc. 
Sul|ilnirie  acid    .     . 
Barjtes     .... 


40 


Nitric  acid 


Garyles    ....    J767  Soda 31;3 

130-7  'ti;! 

All  four  are  neutral ;  the  acids  and  bases  are  in  all  equally  neutral- 
ized, and  hence  the  40  of  sulphuric  acid  and  54  of  nitric  acid,  being 
capable  of  saturating  the  same  quantity  of  base,  whether  it  be  soda 
or  barytes,  are  equivalent  quantities,  and  represent  the  combining 
proportions  of  these  acids ;  and  the  76'7  of  barytes  and  the  31  3  of 
soda  being  likewise  shown  to  possess  equal  powers  of  neutralizing 
the  acid,  whether  nitric  or  sulphuric,  are  the  numerical  equivalents  of 
those  bases.  If  there  had  been  a  larger  quantity  of  either  salt  pres- 
ent, it  would  have  remained  unaffected,  the  interchange  of  elements 
taking  place  only  in  equivalent  proportions.  Had  nitrate  of  lead  been 
employed  in  place  of  nitrate  of  barytes,  the  proportion  necessary 
would  have  been  different,  and  a  different  quantity  of  sulphate  of  lead 
would  have  been  produced  from  the  same  sulphate  of  soda.  Thus, 
to  the  71-3  of  sulphate  of  soda,  there  should  be, 

Nitric  acid  .  .  540,  producing  Sulplmric  aoid  .  .  ■10  1 
Oxide  of  lead  ,  ni'7.  "  Oxide  of  leail  .  .  .  Ill •7 
Nitrate  oflead       165  7  Sulphaie  oflead  151 8 

If,  in  place  of  sulphate  of  soda,  we  take  oxalate  of  soda,  we  shall 
find  that  67-3  of  it  will  exactly  fulfil  the  functions  of  71-3  of  sulphate 
of  soda,  and  these,  consisting  of  31'3  of  soda  and  360  of  oxalic  acid, 
will,  by  decomposing  130-7  of  nitrate  of  barytes  or  1G5-7  of  nitrate 
of  lead,  produce  147-7  of  oxalate  of  lead  or  112-7  of  oxalate  of  ba- 
rytes. 36  of  oxalic  acid  are  therefore  equivalent  to  40'  1  of  sulphuric 
acid  and  54-0  of  nitric  acid. 

A  table  of  equivalents  of  acids  an 
there  si  ould  be 


light  thus  be  drawn  up : 


3^^^ 

,.^^ 

\           cd 
ph     0  ac  d 

(i77ll 

■iO 
153  9 

Mil 
10 
36  0 

tea   '.     .     '. 
eoflpad    . 

9569 
1394-5 

70- r 
in-7 

It  s  n  tl  s  for  that  the  equ  valency  of  different  quantities  of 
el  em  c  I  s  bstances  va*  first  recogn  sed,  and  numbers  assigned  with 
oxtruord  ary  skill  by  We  zel  vhose  labours,  although  oveilooked 
at  the  t  me  must  be  cons  dered  as  the  first  and  greatest  step  towards 
assigning  the  numerical  conditions  of  chemical  action. 
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The  mode  of  determining  the  equivalent  numher  of  a  new  sub- 
stance can  now  be  easily  understood.  If  it  be  an  acid,  it  is  to  be 
combined  with  some  base  of  which  the  equivalent  is  knoivn ;  if  it  be 
a  base,  it  must  be  united  with  an  acid.  If  it  be  a  metal,  it  may  be 
united  with  chlorine  or  oxygen.  If  it  be  a  simple  non-metallic  body, 
it  may  be  united  with  a  metal.  In  any  case,  a  well-defined  com- 
pound of  the  new  body  with  one  whose  equivalent  number  is  already 
known  must  be  obtained  and  accurately  analyzed.  The  equivalent 
numbers  of  the  two  bodies  are  proportional  to  the  quantities  in 
which  they  were  combined,  provided  we  have  reason  to  consider 
that  the  compound  examined  contained  an  equivalent  of  each. 
Thus,  if  the  new  body  form  with  suipbmic  acid  a  perfectly  neu- 
tral and  soluble  salt,  and,  on  analysis,  this  yields  37-3  of  sulphuric 
acid  and  62-7  of  the  new  base  in  100,  the  equivalent  is  found  by  the 
proportion,  as,  37-3  :  62-7  :  :  40-1  :  x=67-4,  which  is  the  equiva- 
lent of  the  body,  40-1  being  that  of  sulphuric  acid,  and  hydrogen 

A  calculation  of  this  kind  requires,  however,  to  he  checked  by  a 
knowledge  of  the  next  law  of  combination,  that  of  multiple  propor- 
tions ;  for,  as  has  been  stated,  we  presume,  in  the  example,  the  salt 
analyzed  to  be  composed  of  an  equivalent  of  each  constituent,  Ii 
may  be,  however,  that  it  contained  two  equivalents  of  acid  to  one 
of  base,  in  which  case  the  number  /or  the  latter  would  become 
134-8  J  or  two  equivalents  of  base  to  one  of  acid,  which  would  make 
the  number  33-7.  The  proportions  might  be  even  still  more  com- 
plex ;  and  heuce,  before  attempting  to  decide  on  the  equivalent  num- 
ber of  a  body,  its  general  history  must  be  studied. . 

The  third  law  of  combination  is,  that  where  one  body  unites  with 
another  ia  more  proportions  than  one,  there  exists  a  simple  relation 
between  the  quantities  of  the  second,  which,  in  the  different  com- 
pounds, unite  with  the  same  quantity  of  the  first.  Thus,  taking  man- 
ganese and  nitrogen,  which  are  remarkable  for  the  number  of  com- 
pounds which  they  form  with  oxygen,  there  are, 


345-9 
3459 

3i)0 
350 

manganic  atiJ 
"                 pf,miangaaic  dcid. 

And  with  nitrogen, 

175  of  nitrogen  unit. 

175 

!75 

175 

cwitlilOOofoxyge 

300 
4(W 
500 

n,  fonniii^  nitious  OMile. 

nitric  osiile. 
"                 liyponitrou5  acid. 

nitrous  acid. 

Here  the  successive  quantities  of  oxygen  taken  by  the  manganese 
are  as  the  numbers  2,  3,  4,  5,  6,  7,  and  those  which  combine  with  the 
nitrogen  are  as  1,  2,  3,  4,  b.  In  the  last  case  they  are  all  simple 
muhiples  of  tlie  first  proportion,  but  in  the  case  of  manganese  they 
are  muhiples  of  one  half  of  the  quantity  contained  in  the  protoxide. 
The  analogy  of  some  other  similar  bodies,  however,  renders  it  ex- 
tremely probable  that,  though  it  has  not  been  vet  discovered,  there 
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exists  a  compound  of  34S-9  of  maBganese  with  50  of  oxygen  ftnd 
this  should  then  be  the  first  term  of  the  series. 

This  law  of  multiple  proportions  holds  not  only  with  regard  to  the 
simplebodiesalready  stated,  but  also  with  compound  bodies  of  every 
class.  Thus  chromic  acid  combines  with  potash  in  three  diflereot 
nroportions,  forming  by 

53  S  chromic  acid +47.3  potash,  neutral  chroriiale  of  potash. 
104-4  "  4"*'' 3       "      bichromate  of  polasli. 

ISGfi  "  +473       "      terthromate  of  putash. 

Sulphuric  acid  combines  with  potash  in  two  proportions, 

40-1  sulphiirie  acid  -|-47-9  potash,  neutral  sulphate. 
80-2  "  -^-iV-S       "      hlaulphale. 

It  was,  indeed,  by  the  verification  of  it  in  the  carbonates  and  ox- 
alates of  potash  by  WoUaston,  that  this  law  obtained  in  the  first 
instance  general  acceptation. 

SS  of  carbonic  acid  4-473  potash,  form  carbonate  of  potash. 
44  "  -  -47  3  "  bicarbonate  of  potash. 

3G  of  osalic  acid  -i-47*3  potash,  form  oxalate  of  potash. 

3  "  binoxalate  of  potash. 

3  "  qoadroxalate  of  potash. 

In  salts  with  excess  of  base,  the  same  principle  holds.  Thus,  In 
the  sulphates  of  copper,  I  have  shown  that 


4-401  snlphu 

ic  acid,  form  neutral  snlphate. 

440-1 

bibasic  sulphate. 

-HOI 

4-40-1 

"                ociohasic  sulphate. 

In  other  cases  the  series,  though  not  so  complete,  evidently  follows 
the  same  law. 

The  great  use  of  the  symbolical  nomenclature,  noticed  already  in 
page  156,  consists  in  its  supplying  an  exact  expression  of  this  law 
of  multiple  proportions.  The  ordinary  symbol  of  a  simple  body  in- 
dicating an  equivalent  of  it,  the  number  by  which  that  symbol  is 
multiplied,  in  the  formula  of  each  compound  body,  represents  the 
number  of  equivalents  therein  contained.  Thus,  for  manganese  and 
nitrogen,  already  used  as  instances,  the  symbolical  expression  of  the 
law  is  given  in 


N.O.  Nitrons  oxide. 
N.O,  Nitric  oxide. 
JV.Oj  HyponiCrous  acid. 
N.Oj  Nitrous  acid. 
N.Oj  Nitric  acid. 


Mn.O.  Protoxide  of  manga 
MujOj  Sesquioxide. 
Mn.O;  Peroxide. 
Mn.Os  Manganic  acid. 
MnjO,  Permanganic  acid. 


The  numerical  coefScient  is  sometimes  placed,  as  here,  beloiv 
and  to  the  right  of  the  letter  symbol;  by  other  chemists  it  is  placed 
to  the  left  and  on  the  same  line,  as  Pb.+20.  Cr,-|-  30.,  and  sometimes 
to  the  right  and  above  the  letter,  as  Pb.O'  Cr.O'.  This  makes  no 
difference  m  chemistry;  but  the  student  must  be  careful  not  to 
confound  chemical  with  mathematical  symbols,  in  which  the  posi- 
tion of  the  number  might  alter  its  power  and  meaning  altogether. 
It  must  be  noticed,  however,  that  numbers  written  as  the  above  af- 
fect only  the  immediate  symbol  to  which  they  are  attached ;  but 
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soitietiines  a  nnmber  affects  a  group  of  symbols:  thus,  SMn.O.  is 
three  equivalents  of  protoxide  of  manganese  =Mn30j:  thus,  also, 
S.Oa  K-O.+AliO^.  3S.0„  the  formula  of  dry  alum,  contains  four  fig- 
ures of  3,  of  which  the  first,  second,  and  fourth  only  affect  the  0., 
to  which  they  are  subjoined,  but  the  third  affects  the  S.Oj,  to  which 
it  is  prefixed.  A  little  practice  wiil  enable  the  student  to  become 
quite  familiar  with  the  arrangement  of  the  symbols,  or  formulte,  as 
tiiey  are  termed,  of  bodies,  even  of  the  most  complicated  nature. 

This  is  the  principle  of  multiple  proportions:  that  the  successive 
quantities  in  which  one  body  may  unite  with  another  are  multiples 
of  the  first  by  a  whole  number ;  and  the  cause  of  this  is  at  once 
seen,  aod  a  simple  and  positive  meaning-  given  to  this  law,  by  say- 
ing that  the  first  body  contains  an  equivalent  of  each  element ;  the 
second,  oBe  equivalent  of  one  and  two  equivalents  of  the  other,  and 
so  on;  the  successive  steps  being  formed  by  the  number  of  com- 
bining proportions  of  the  second  body  which  unite  with  one  com- 
bining proportion  of  the  first. 

This  principle,  which  establishes  a  reicarkable  distinction  between  tlie  action  of 
chemical  affinity  and  of  cohesion,  was,  at  Ihs  moment  of  its  first  being  traced,  at- 
taclted  by  Berlbollet,  to  wliose  esdusiye  doctrines  it  was  qntte  fatal.  Berthollet, 
in  fact,  considered  that  the  affinity  of  bodies  should  maice  them  unite  in  all  possible 
liroportiona,  and  that  it  was  only  by  the  influence  of  cohesion  and  elasticity  that  the 
formation  of  the  bodies  actually  produced  resulted.  Thus  he  asserted  that  sulphu- 
ric acid  and  baryCes  actually  unite  in  all  proportions  ;  but  those  of  40*1  of  acid  to 
78  T  of  base  forming  the  body  of  the  least  solubility,  the  whole  quantity  of  acid  ie 
dEtermined  to  unite  with  the  barytes  in  those  proportions,  and  in  none  others. 
Thus  he  imagined,  also,  that  mercury  and  oxygen  should  unite  in  all  proportions 
and  that  it  was  only  by  the  intervention  of  external  causes  that  their  union  was  de- 
termined in  preference  to  occur  in  the  proportions  of  101-4  of  mercury  to  4  of  oxy- 
gen, and  101-4  of  anetal  to  eight  of  oxygen.  We  owe  to  Proust  Uie  complete  refu- 
tation of  BerthoUet's  views  in  this  respect ;  he  cleared  away  a  heap  of  incorrect 
ideas  which  had  prevailed  regarding  compoand  bodies,  showing  that  numerous  de- 
grees of  oxidation,  which  had  been  looked  upon  as  intermediate,  and  connecting 
tlie  extreme  limits,  as  Berthollet  thought  they  ought  to  be  connected,  were  impure 
and  badly  prepared  mixtures  of  the  true  compounds,  and  that,  when  pure,  the  tran- 
sition from  one  state  to  the  other  is  sudden  and  delinite,  as  has  been  shown  to  be 
the  consequence  of  the  law  of  multiple  proportion.  It  is  interesting  to  notice,  how- 
ever, as  an  example  of  how  easily  a  great  discovery  in  science  may  be  lost,  that,  al- 
though. Proust  had  in  his  hand  all  materials  necessary  for  establishing  the  laws  ol 
combination,  such  as  they  have  been  described,  they  escaped  his  notice,  fram  his 
having  contemplated  his  results  only  in  one  point  of  view ;  thus  he  found  that  in 


100  parts, 

1st  Oxide  of  copper  contained 

Oxygen 11-23 

Copper 88-78 

1st  Oxide  of  mercury 

Oxygen 3-80 

Mercury 98  30 

Isl  Sulphuret  of  iron 

Sulphur 3733 

Iron 6377 


3d  Oxide  of  copper  containnd 

Oxygen 3017 

Copper 79-83 

2d  Oxide  of  mercury 

Oxygen 7-33 

Mercury 9a-G8 

3dSuIphuretofiron 

Sulphur .54-38 

Iron 45  74 


He  proved  that  no  indefinite  intermediate  degree  of  combination  could  be  traced, 
and  that  the  influence  of  cohesion  could  not  be  supposed  to  be  the  only  cause  of  the 
detiniteness  of  constitution ;  but,  had  he  made  a  trifling  change  in  his  way  of  calcu- 
lation; bad  he  taken  a  certain  weight  of  one  element  as  tlia  standard,  and  not  100 
parts  of  the  compound  body,  his  numbers  would  have  become, 
iBt  Oxide  of  copper  I    Sd  Oxide  of  copper 

Oxygen 100-0  Oxygen 3000 

Copper roi4  Copper 791'4 

Dd 
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1st  Oxide  of  mercury  Sd  Oxide  of  mercary 

Oxygen 100  0  Oxygen aoOD 

Mercury 2531  6  Mercury 3531-6 

lal  Sulphuret  of  iron  Sd  Siiipliiiret  of  iron 

Sulpliur 201 S  Sulphur 403  4 

iron 3393  Iron 339-2 

And  thus  the  fact  of  the  quantity  of  oxygen  nr  sulphnr  in  the  second  range  of 
compounds,  being  exactly  double  that  in  each  of  the  first,  would  have  been  evident 
and  the  law  of  multiple  proportions  heen  discovered  twenty  years  before  its  exist- 


We  are  now  in  a  condition  to  examine  more  in  detail  the  method 
of  determining  the  equivalent  number  of  a  body,  which,  as  was  be- 
fore noticed,  is  rendered  difficult,  aomeciines,  when  the  substances 
'  n  question  unite  in  more  proportions  than  one.     Thus  it  is  evident 


that  the  ma 

ganese  series 

might  be 

represented  as 

100  of  oxygen  4-3459 
100            "            230-5 
100            "    "        173-9 
100            "            13S3 

^mxide!  ^ 

acid 

100  "  115  3  '■  "  manganic  acid. 

100  "  9S  8  "  "  permanganic  acid. 

And  the  metallic  oxides  and  sulphurets  above  described  might  be 
written,  and  express  stil!  the  law  of  multiple  proportion  ;  as, 
3d  Oxide  of  copper 


1st  Oxide  of  copper 

Oxygen 1000 

Copper 7014 

let  Oxide  of  mercury 

Oxygen 100  0 

Mercury S531-G 

1st  Sulplmret  of  iron 

Sulphur 201-3 

Iron 339-3 


Oxygen    , 

Copper mmi 

Sd  Oxide  of  mercury 

Oxygen 1000 

Mercury       ....  1365-8 

2d  S^dphuTCt  of  iron 

Sulphur 301-2 

Iron 1696 


There  might  thus  be  deduced  from  each  kind  of  compound  a  dif- 
ferent equivalent  for  each  simple  body,  and  it  is  therefore  neces- 
sary to  lay  down  some  general  principles  by  which  one  must  be 
guided  in  their  choice. 

First,  Whenever  there  exists  but  one  proportion  in  which  two 
bodies  arc  capable  of  combining,  it  may  be  concluded,  unless  there 
are  good  reasons  to  the  contrary,  derived  from  other  sources,  thnt 
the  proportion  is  one  equivalent  of  each  element.  Thus  lime  and 
magnesia  are  the  only  compounds  formed  by  the  metals  calcium 
and  magnesium  uniting  with  oxygen,  and  are  hence  looked  upon 
as  protoxides. 

Second.  Whenever  one  body  combines  with  another  in  two  pro 
portions,  as  a  metal  with  oxygen,  and  the  quantities  of  oxygen  are 
as  2  :  1,  it  may  be  concluded,  unless  there  are  other  reasons  for  an 
Opposite  decision,  that  the  bodies  consist  either  of  one  equivalent 
of  metal  united  respectively  with  ong  and  two  of  oxygen,  or  of  one 
equivalent  of  oxygen  united  respectively  with  one  and  two  of  metal. 
To  decide  between  these  views,  it  must  be  considered,  that  as  the 
tendency  of  the  metal  and  of  oxygen  to  unite  is  pretty  well  satiated 
by  the  combination  of  an  eqiivalent  of  each,  if  the  protoxide  so 
formed  unite  with  another  equivalent  of  either  metal  or  of  oxygen, 
.this  will  he  retained  with  inferior  power,  and  when  the  substance 
80  produced  is  exposed  to  decomposing  agencies,  it  may  be  resolved 
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into  protoxide  and  metal  in  the  one  case,  and  priHoxide  and  free 
oxygen  in  the  other.  Thus  copper,  lead,  and  mercury  unite  each 
with  oxygen  in  two  proportions ;  and  if  black:  oxide  of  mercury 
be  heated,  it  resolves  itself  easily  into  metallic  mercnry  and  red 
oxide,  while  the  red  oxide  undergoes  no  change  except  total  de- 
composition into  mercnry  and  free  oxygen.  Red  oxide  of  copper 
decomposes  itself  easily  into  metallic  copper  and  black  oxide  of 
copper;  but  this  last  does  not  admit  of  any  decomposition  which 
is  not  total.  If  we  take  yellow  oxide  of  lead,  we  cannot  change  it 
by  the  application  of  heat ;  but  if  we  heat  brown  oxide  of  lead,  it 
givesoffone  half  of  its  oxygen,  and  yellow  oxide  remains;  similarly, 
when  peroxide  of  manganese  Is  heated  by  deoxidizing  agents,  it 
abandons  one  half  of  its  oxygen,  but  the  oxide  so  formed  cannot  be 
farther  reduced.     In  this  way,  therefore,  we  conclude  that 

Red  oxide  of  copper  is  suboxide,     CujO. 

Black  oxide  of  copper  is  protoxide.     Cu.O. 

Black  oxide  of  mercury  is  suboxide.     HgiO. 

Ued  oxide  of  mercury  is  protoxide.     Hg.O. 

Yellow  oxide  of  lead  is  protoxide.     Pb.O. 

Brown  oxide  of  lead  is  deuioxide.     Pb.O,. 

Olive  oxide  of  manganese  is  protoxide,     Mn.O. 

Biack  oxide  of  manganese  is  deutoxide.  Mn.Oj. 
Thus,  also,  hydrogen  and  oxygen  unite  in  two  proportions,  to  form,  in 
one,  water,  a  body  remarkably  neutral  in  properties  and  permanent  in 
constitution,  and  in  the  other  oxygenated  water,  of  which  half  of 
the  oxygen  is  so  loosely  combined  that  its  decomposition  is  provo- 
ked by  tlie  slightest  causes,  and  is  explosively  violent.  It  is  hence 
concluded  that 

Water  is  protoxide  of  hydrogen.     H.O. 

Oxygenated  water  is  deutoxide.     H.Oj. 

If  there  be  still  more  degrees  of  combination  of  the  two  bodies, 

these  principles  apply  still  more  determinately  to  their  characteristic 

properties. 

Third.  The  constitution  of  an  acid  may  be  frequently  determin- 
ed by  the  consideration  that  an  equivalent  of  it  is  the  quantity 
which  neutralizes  an  equivalent  of  a  well -characterized  base.  Thus 
the  equivalent  number  of  potash  on  the  hydrogen  scale  is  47-3,  and 
this  combining  with  40-1  of  sulphuric  acid  to  form  neutral  sulphate 
of  potash,  this  number  is  determined  to  be  the  equivalent  of  the 
acid ;  and  as  it  is  made  up  of  16- 1  of  sulphur  and  24  of  oxygen,  the 
acid  is  considered  to  be  composed  of  one  equivalent  of  sulphur 
16-1,  and  three  equivalents  of  oxygen  8x3  —  24.  Its  formula  is 
therefore  S.Oj.  In  the  same  way,  on  analyzing  hyposulphate  of 
potash,  it  is  found  to  consist  of  47'3  of  potash,  united  to  72-2  of  the 
acid,  which  is,  therefore,  its  equivalent  number.  But  this  number 
is  made  up  of  32'2,  or  two  equivalents  of  sulphur,  and  40,  or  five 
equivalents  of  oxygen,  and  the  formula  expressing  its  constitution 

Where  an  acid  forms  several  classes  of  salts,  it  is  dlfflciilt  to  de- 
termine which  is  that  containing  an  equivalent  of  each  element,  and 
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hence  this  mode  of  ascertaming  the  constitution  of  the  acid  may  he 
occasionally  at  fault.  This  happens  particularly  with  the  acids  of 
phosphorus  and  arsenic  ;  and  in  these  cases  it  is  oecessary  to  recur 
to  considerations  regarding  the  constitution  of  their  salts,  which 
will  be  described  when  we  come  to  speak  of  salts  in  general. 

Fourth.  In  cases  where  the  ratio  between  the  quantities  in  which 
the  bodies  combine  does  not  follow  the  simple  proportion  of  1 :  2  :  3, 
&c.,  but  assumes  the  more  complex  form  of  2  ;  3,  or  3:4,  or 
3  :  5  ;  7,  it  is  necessary  to  seek  for  analogies  between  the  members 
of  the  series  and  certain  other  bodies  with  regard  to  which  there  is 
not  the  same  uncertainty.  Thus  there  are  two  oxides  of  iron 
which  may  be  looked  upon  as  consisting,  either 

the  1st  of  27-9  of  iron  +  8  oxygen. 

the  2d         27-9       "       +12       " 
or  the  2d         18-6       "       -1-  8       " 

the  1st  27-9  "  +8  " 
In  the  first  mode  of  view  the  oxygea  varies  as  2  :  3,  but  in  the  sec- 
ond it  is  the  metal  which  changes  in  proportion.  Here  we  obtaina 
guide  in  the  study  of  the  salts  formed  by  these  bodies.  It  is  found 
that  the  oxide  which  contains'27'9  of  iron  to  8  of  oxygen  agrees  in 
its  laws  and  properties  with  magnesia,  with  black  oxide  of  copper, 
and  with  olive  oxide  of  manganese,  which  are  all  protoxides,  and 
that  it  differs  totally  in  its  relations  from  such  bodies  as  are  verj' 
fully  known  to  be  suboxides.  This  oxide  of  iron  contains,  therefore, 
an  equivalent  of  each  element,  and  its  formula  is  Fe.O.  The  per- 
oxide of  iron  then  becomes  Fe.O  1^  j  but  as  the  equivalent  of  oxygen, 
cannot  be  considered  to  he  divided,  we  look  upon  it  as  being  rather 
FejO;,,  and  having  its  equivalent  number  twice  as  large.  This  view 
is  confirmed  by  finding  that  when  sulphate  of  peroxide  of  iron  unites 
with  sulphate  of  potash  to  form  iron  alum,  it  does  so  in  the  propor- 
tion of  Fe^Oa,  dry  iron  alum  being  S.O^,  K.O.+Fe,0„  38.0, ;  and  as 
this  is  the  only  proportion  in  which  these  two  salts  unite,  it  is  rea- 
sonable to  suppose  that  it  contains  an  atom  of  each  element. 

This  mode  of  controlling  the  equivalent  numbers  is  beautifully 
shown  in  the  instance  of  the  compounds  of  chrome  with  oxygen. 
There  are  two  ;  the 
Green  oxide  of  chrome  consists  of  18-79  chrome  +  8  oxygen. 
Chromic  acid  "  18-79       "        +16        " 

Here  the  quantity  of  oxygen  is  doubled  in  the  second  compound; 
and  as  this  yields  half  of  its  oxygen  readily,  either  by  heat,  or  to  any 
substance  having  an  affinity  for  it,  it  would  appear  highly  probable 
that  the  18-79  is  the  equivalent  of  chrome,  and  that  the  oxide  of 
chrome  should  be  looked  upon  as  a  protoxide ;  but  such  is  not  the 
case.  Sulphate  of  chrome  combines  with  sulphate  of  potash  to  form 
a  chrome  alum,  resembling  in  all  characters  and  constitution  the  iron 
alum  already  noticed,  and  hence  oxide  of  chrome  corresponds  to 
peroxide  of  iron,  and  its  formula  is  CrjOj.  This  is  farther  proved 
by  the  relations  of  chromic  acid  to  bases.  The  chromates  resemble 
perfectly  the  sulphates  with  which  they  are  isomorphous,  and  to 
saturate  4i7-3  of  potash  52-2  of  chromic  acid  are  required,  consisting 
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of  28'2  of  chrome  and  24  of  oxygen ;  and  hence  the  formula  of 
chromic  acid  is  Cr.O^,  resembling  that  of  sulphuric  acid  S.O3. 

Fifth.  In  cases  where  there  is  only  one  compound  of  a  body  with 
oxygen,  we  may  be  induced  to  consider  it  not  to  be  composed  of  an 
equiviilent  of  each  element  from  analogical  grounds,  such  as  those 
now  described.  Thus  aluminum  and  oxygen  form  only  one  com- 
pound, alumina;  but  this  resembles,  in  all  its  laws  of  combination 
and  crystalline  form,  oxide  of  chrome  and  peroxide  of  iron,  and 
heace  it  is  considered  to  be  a  compound  of  two  equivalents  of  metal 
and  three  of  oxygen,  and  its  formula  to  be  AljOj, 

Sixtb.  When  bodies  are  found  combined  in  proportions  expressed 
hy  high  numbers,  they  are  generally  looked  upon  as  secondary  com- 
pounds, formed  by  the  reunion  of  others,  the  ratio  of  whose  elements 
are  simple.  Thus  lead  forms  with  oxygen  compounds  intermediate 
to  the  two  true  oxides  already  described,  the  one  containing  three 
ec[uivalents  of  lead  and  four  of  oxygen,  the  other  four  of  lead  and 
iive  of  oxygen  ;  these  consist  really  of  the  protoxide  and  peroxide 
united  in  the  proportions  shown  by  the  equations : 

PbA=3Pb.0.-f  Ph.O,,  and  PbA^2Pb.O.+Pb.O^ 
In  like  manner,  between  the  two  proper  oxides  of  iron  there  inter- 
vene the  two  magnetic  oxides,  the  formulae  of  which  are  Fe^Os  and 
FejO„  being  compounds  of  protoxide  and  peroxide,  as, 

FeiO,=2Fe.O.+FeA.  and  Fc30,=Fe.0.-|-Fe20s. 
By  this  means  the  constitution  of  an  extensive  class  of  complex  bod- 
ies is  reduced  to  very  simple  forms. 

If  we  take  oxygen,  hydrogen,  chlorine,  and  nitrogen  in  the  prO' 
portions  by  weight  which  correspond  to  their  equivalent  numbers, 
and  measure  the  volurnes  which,  as  gases,  they  occupv,  an  exceed- 
ingly striking  relation  will  be  found  between  them,  the  volume  of 
oxygen  being  exactly  one  half  that  of  each  of  the  other  gases.  If, 
also,  we  heat  iodine  and  bromine  in  quantities  proportional  to  their 
equivalents  by  weight,  we  shall  find  that,  when  converted  into  va- 
pour, they  occupy  precisely  the  same  volume  as  the  equivalent  of 
hydrogen  gas  at  the  same  temperature  and  pressure.  On  convert- 
ing into  gas  equivalent  weights  of  arsenic  and  phosphorus,  they  oc- 
cupy precisely  the  same  volume,  which  is  equaito  that  of  the  equiv- 
alent of  oxygen  gas ;  and  by  similarly  treating  an  equivalent  of  sul- 
phur, its  volume  becomes  one  third  that  of  the  oxygen.  Finally, 
when  a  quantify  of  mercury,  representing  its  equivalent  number,  is 
converted  into  vapour,  its  volume,  reduced  to  the  same  standard  of 
temperature  and  pressure,  is  four  times  that  of  oxygen,  and  double 
that  of  hydrogen  or  chlorine  gases.  It  hence  results,  that  although 
the  equivalent  weights  of  the  simple  bodies  may  be  totally  uncon- 
nected, and  may  range  within  very  extensive  limits,  yet  the  volumes 
which  these  equivalent  quantities  occupy  when  in  the  state  of  gas 
or  vapour,  have  a  very  simple  relation  to  one  another ;  thus,  taking 
the  equivalent  weight  of  oxygen  as  100,  and  its  equivalent  volume 
as  I,  the  proportion  of  the  other  bodies  mentioned  are: 
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I(,mc.iSLb.1.,». 

E5„,Vi.lB,lW8.,llt. 

'3Zlr 

^''■A,r°',ar°'" 

Oxygen      .    - 
Hydrogen  .    . 

1000 
12-5 
«3-6 

1 

3 
3 

■  1103  G 

fi88 

347U-0 

Iodine   .    .     . 

1579-5 

3 

8701-0 

978-3 

5393  0 

Nitrogen    .    . 
Sulphur     .    . 
Phosphorus    . 

1T50 
301-2 
393-3 
940  1 

3 

1 

9760 
6648-0 
4327-0 
1036S-0 

Mercury     .     , 

1285-a 

4 

6969  0 

Not  merely  does  this  simple  proportion  of  equivalrjl  volumea 
hold  among  the  simple  bodies,  but  it  determines  in  the  compoirnds 
which  they  form  an  equally  regular  constitution. 

The  volumes  of  the  gases  which  unite  ore  necessari'y  in  simple 
equivalent  proportion  to  each  other,  and  when  the  same  gases  unite 
in  more  than  one  proportion,  the  second  is  a  multiple  of  the  first.  In 
oil  cases,  also,  where,  after  union,  a  condensation  of  volume  occurs, 
the  resulting  volume  is  simply  related  to  the  volumes  which  the 
constituents  had  occupied  before  combination.  Thus,  in  the  forma- 
tion of  water,  one  volume  of  oxygen  unites  with  exactly  two  of  hy- 
drogen, and  the  volume  of  watery  vapour  which  is  formed  is  equal 
to  that  of  the  hydrogen  employed.  To  form  ammonia,  one  volume 
of  nitrogen  unites  with  three  of  hydrogen,  and  the  four  volumes  are 
condensed  into  two  by  the  combination.  There  may,  therefore,  be 
arranged  for  the  various  bodies  ivhich  assume  the  gd,"jOous  form,  a 
series  of  equivalents  in  volume,  which  will  not  be  totaJIy  unconnect- 
ed numbers,  like  those  of  the  equivalents  by  weight,  but  are  found 
lo  be,  as  the  weights  should  become  if  the  suggestion  of  Proust  were 
verified,  simple  multiplesof  the  equivalent  of  some  standard  body 
which  may  be  selected,  as  oxygen  in  the  table. 


f,»,^tH.C..^^V.^. 

ForraiiT.. 

^a" 

rKt 

BB 

Si 

Water 

Nitrous  osido  .    .    . 
Nilrio  oxide      .    .     . 

Sulphuric  acid  .    .    . 
Salfdiuretted  hydrogen 
Muriatic  acid    .    .    . 
Hydriodic  acid  .    .    . 
Hydrobromio  acid 
Ammonia    .... 
Arseniuretted  hydrogen 
Terchloride  of  arsenic 

N.O. 

NA 

S.O2 

S.Oa 

S.H. 

Cl.H. 

i.H, 

Br.H. 

N.Ha 

As-Hs 

As.Cla 

Ht'.Cl 

Hg.C]. 

As.Os 

Hg.S, 

S,C!. 

P.CP 

P.Cls 

275  0 

.  4013 
5013 
313  7 
455  1 
3592  0 
9908 
214  5 
953  b 
S2G8  0 
39743 
1708  5 
1340  1 
1467-0 
8450 
1730  1 
35053 

3 

4 

10 
7 
4 
4 
4 
4 
7 
7 

4 
7 
4 

4 

e 

4 
4 
4 
4 

4 

4 

I 

3 

630  3 
16373 

3210  fi 
27fl9 
1177  0 
1361  5 
4-%5  0 
3   310 
59K 
2194  0 
6295  0 
83040 
9439  0 
13G70  0 
5384-0 

4741-1 

Arsenious  acid      .     . 
Sulphuret  of  mercury 
Chloride  of  sulphur    . 

Perehloride  of  phosphor 

ru 

The  simplicity  thus  shown  to  exist  between  the  volumes  of  the 
constituent  and  compound  vapour  enables  us  very  often  to  calculate 
heforehand  what  the  specific  gravity  of  a  vapour  should  be,  and  thus 
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1  how  closely  the  numhers  found  experimentally  by  the 
methods  described  in  the  first  chapter  may  approach  to  absolute 
correctness.  Thus,  to  calculate  the  specific  gravity  of  ammonia : 
it  is  formed  by  the  union  of  three  volumes  of  hydrogen  and  one  of 
nitrogen,  and  the  weights  of  these  volumes  being  as  their  specific 
gravities,  the  weight  of  the  ammonia  formed  should  be  976+(3x 
C9)=1183  if  the  four  volumes  of  constitiients  were  condensed  into 
one ;  but  as  the  condensation  is  into  two,  the  specific  gravity  of 
the  ammonia  is  1183-^2=591-5,  as  given  in  the  table.  Sulphur 
and  hydrogen  unite  in  the  proportion  of  one  volume  of  sulphur  to 
six  of  hydrogen,  and  hence,  if  there  were  but  one  volume  of  result- 
ing gas,  the  specific  gravity  should  be  6ti4;8+{6  X  69)  =7062;  but  us 
there  are  six  volumes  of  gas  formed,  the  true  specific  gravity  of  sul- 
phuretted hydrogen  is  7062-^6  =  1177,  The  general  rule  being  to 
multiply  the  specific  gravities  of  the  simple  gases  or  vapours  re- 
spectively by  the  volumes  in  which  they  combine,  to  add  those 
products  together,  and  then  to  divide  the  sum  by  the  number  of  vol- 
umes of  the  compound  gas  produced. 

By  the  application  of  this  principle,  we  may  often  decide  with 
great  probability  on  the  specific  gravity  which  certain  bodies  should 
have  in  the  state  of  vapour,  although  it  has  not  been  as  yet  pos- 
sible to  weigh  their  vapours  esperimen tally.  Thus  the  temperature 
at  which  antimony  is  volatile  is  so  Mgh  that  the  specific  gravity  of 
its  vapour  may  possibly  never  be  determined  by  experiment;  but 
the  chloride  of  antimony  resembles,  in  all  its  chemical  relations, 
chloride  of  arsenic,  and  there  is  the  greatest  probability  that  the 
constitution  of  the  two  are  alike  in  the  state  of  vapour.  Now  we 
know  that  chloride  of  arsenic  consists  of  six  volumes  of  chlorine 
and  one  volume  of  arsenic  vapour  condensed  into  four  volumes } 
and  hence,  if  we  multiply  the  specific  gravity  of  the  vapour  of  chlo- 
ride of  antimony,  which  is  8106-5,  by  four,  we  obtain  324260,  and 
subtracting  from  it  the  weight  of  six  volumes  of  chlorine  =14820, 
there  remains  17606,  which,  if  the  analogy  between  the  arsenic  ahd 
antimony  be  correct,  must  be  the  specific  gravity  of  the  vapour  of 
antimony  reduced  to  the  standard  of  air  =1000. 

Similar  principles  have  been  applied  to  the  determination  of  the 
specific  gravity  which  carbon  should  possess  if  it  were  converted 
into  vapour.  This  number  would  he  of  great  importance  in  all  cal- 
culations of  the  specific  gravities  of  the  vapours  of  organic  bodies, 
most  of  which  contain  carbon  as  an  element;  but,  unfortunately, 
there  is  no  volatile  body  so  similar  to  carbon  as  that  its  analogies 
can  be  taken  as  a  guide,  and  hence  the  bases  of  the  calculated 
density  of  gaseous  carbon  are  purely  hypothetical.  Indeed,  chem- 
ists are  not  agreed  upon  the  precise  number,  sime  making  it  the 
double  of  what  it  is  estimated  at  by  others.  If  we  look  upon  car- 
bonic acid  as  consisting  of  equal  volumes  of  vapour  of  carbon  and 
oxygen,  the  two  condensed  into  one,  the  specific  gravity  of  carbon 
is  1524-1— 1102-6==421-5;  but  if  the  carbonic  acid  consist  of  two 
volumes  of  oxygen  and  one  of  carbon,  the  three  volumes  condensed 
into  two,  the  calculated  specific  gravity  of  the  latter  vapour  is 
3048-2— 2205 '2= 843-0.  On  the  first  idea,  the  carbonic  oxide  con- 
sists of  two  volumes  of  carbon  vapour  and  one  of  oxygen,  the  three 
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condensed  to  two  (2x4.21-5  + 1102-6)^2=972-8  ;  and  on  the  latter, 
of  equal  volumes  united  without  condensation  (843-0+  H02'6)-rii=i 
972-8.  It  is  this  latter  view  which  I  adopt,  aud  in  any  calculations 
that  may  occur  hereafter  I  shill  consider  the  specific  gravity  of 
gaseous  carbon  as  H4.3  It  does  no  at  all  necessarily  follow  that 
the  true  specific  g  av  ty  s  e  he  ol  tl  ese  numbers,  as  it  may  be 
that  the  relations  by  olun  e  of  ea  bon  c  acid  and  carbonic  ojide 
are  much  more  co  inplex  Be  ore  il  c  specific  gravity  of  the  vapour 
of  sulphur  had  bee  e  per  ent-illj  determined,  it  was  considered, 
from  similar  theoret  c  grou  d  to  be  It),  but  it  is  actually  three 
times  as  great,  664^  ad  e  n  us  1  ence  not  reckon  too  implicitly 
qn  the  relations  by  volune  at  p  ese  t  g  en  for  the  gaseous  com- 
pounds of  carbon. 

In  the  combinat  on  bj  vol  nc  the  sa  e  laws  of  multiple  propor- 
tion hold  as  in  combination  by  equivalents;  thus  the  compounds  of 
chlorine  and  oxygen,  which  are  by  weight  CI.  0.,  Cl.O,,  Cl.  Oj,  and 
CI,  0;,  are  by  volume  two  of  chlorine  to  one,  to  four,  to  five,  and  to 
seven  volumes  of  o,  ygen  respectively,  and  so  in  all  other  instan- 
ces; and,  consequently,  all  remarks  that  have  been  made  regard- 
ing the  law  of  multiple  proportions  in  equivalents  by  weight,  apply 
to  combinations  of  equivalents  by  volume  also. 


It  has  been  abundantly  shown,  throughout  the  preceding  portions 
of  this  work,  that  even  the  moat  purely  physical  properties  of  a 
body  are  closely  connected  with  its  chemical  constitution  ;  and  that 
thus  the  density,  the  crystalline  structure,  or  the  electticul  relations 
of  a  substance,  or  the  manner  in  which  it  is  acted  on  by  heat,  may, 
by  affording  distinctive  characters,  or  by  influencing  its  affinities, 
become  necessary  to  its  chemical  history.  The  numerical  laws  of 
constitution  last  described  yield  additional  evidence  of  the  intimate 
relation  of  chemical  to  molecular  constitution ;  and  in  the  present 
chapter  I  purpose  to  conclude  the  description  of  the  general  histo- 
ry of  chemical  action,  by  an  account  of  such  principles  as  have 
been  advanced,  and  such  facts  as  have  been  discovered  illuatrativo 
of  this  connexion.     They  are  as  follow : 

.  .1st.  The  connexion  between  the  molecular  constitution  and  tho 
.equivalent  numbers  of  bodies.     The  atomic  theory. 

2diTheconnexionbetween  the  crystalline  form  and  the  chemical 
equivalency  of  bodies.     Isomorphism. 

.3d.' The  relation  of  constitution  to  composition.  Of  Dimorphism 
and  IsomtTism,     The  theory  of  types. 

4th.  Of  chemical  action  independent  of  affinity.     Catalysis- 
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It  was  natural  that,  as  soon  as  the  remarkable  ]aws  of  coiiibinatioti 
discussed  in  the  last  chapter  had  been  discovered,  philosophers 
should  be  anxious  to  ascend  to  the  caiises  in  which  they  had  their 
rise,  and  to  trace,  in  the  operation  of  some  one  general  principle, 
the  three  determinate  numerical  conditions  to  which  experiment 
proved  chemical  action  to  be  subjected;  accordingly,  such  theoreti- 
cal views  were  promulgated  even  before  the  laws  of  combination 
were  fully  understood ;  and  it  has  been  since  one  of  the  most  difficult 
tasks  of  the  philosophic  chemist  to  disentangle  the  real  and  practi 
cal  from  the  merely  speculative  portions  of  atomic  chemistry. 

For  Dalton,  in  promulgating  the  law  of  multiple  combination,  the 
most  beautiful,  as  well  as  the  most  extensive  principle  that  had  been 
conferred  on  chemistry  since  the  epoch  of  Lavoisier,  announced  it 
as  the  result  of  speculations  which,  though  in  their  general  nature 
true,  and  constituting  still  the  essential  basis  of  all  theories  of  chem- 
ical action,  were  yet  overlajd  by  a  tissue  of  hypotheses  so  irregular 
and  so  unnecessary,  that  for  a  long  time  the  real  dignity  and  excel- 
lence of  the  experimental  laws  were  underrated  and  misunderstood. 
These  accessory  speculations  have  now,  however,  passed  away,  and 
the  theory  of  combination  laid  down  by  Dalton  may,  in  all  its  essen- 
tial conditions,  be  very  briefly  expressed  as  follows: 

All  substances  are  supposed  to  be  constituted  of  particles  per- 
fectly indivisible,  and  hence  truly  atoms.  In  different  kinds  of  mat- 
ter, these  atoms  are  of  different  weights,  and  probably  of  different 
magnitudes ;  but  this  latter  quality  is  of  no  material  interest.  Wlien 
bodies  combine  chemically,  their  combination  must  be  so  effected 
that  one  atom  of  one  unites  with  one  atom  of  another  ;  or  one  of  the 
first  with  two,  or  three,  or  four  of  the  second;  or  two  of  the  first 
wit'n  three,  or  five,  or  seven  of  the  second  ;  but  no  intermediate  de- 
grees can  possibly  occur,  for  the  atom  being  absolutely  indivisible, 
no  intermediate  degree  of  union  can  take  place.  The  relative 
weights  of  these  atoms  are  the  equivalent  numbers  of  the  bodies 
combined  ;  eight  parts  of  oxygen  unite  with  one  part  of  hydrogen, 
by  weight,  to  form  water,  because  the  simplest  proportions  in  which 
they  can  unite  are  one  atom  of  each,  and  the  atom  of  oxygen  is 
eight  times  as  heavy  as  the  atom  of  hydrogen ;  eight  parts  of  oxygen 
are  equivalent  to  35-4  parts  of  chlorine,  because,  when  an  atom  of 
hydrogen  leaves  the  atom  of  oxygen,  it  combines  with  an  atom  of 
chlorine  in  its  place,  which  is  heavier  than  that  of  oxygen  in  the 
proportion  of  354  to  8,  and  the  quantity  must  be  consequently  so 
determined.  When  a  second  atom  of  oxygen  combines  with  hy- 
drogen, it  being  equally  heavy  with  the  first,  doubles  the  quantity 
of  oxygen  which  the  equivalent  of  hydrogen  has  taken  up,  and,  as 
might  be  illustrated  by  any  series  of  examples,  introduces  as  a  ne- 
cessary consequence  the  law  of  multiple  combination. 

Such  is  the  atomic  theory  of  Dalton,  It  expresses  faithfully  the 
laws  of  combination  ;  1st,  the  law  of  definite  constitution  ;  2d,  the 
principle  of  equivalent  proportion ;  and,  3d,  the  law  of  multiple  com- 
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bination.  It  is  therefore,  even  in  this  form,  the  most  embracing  and 
perfect  generalization  that  has  ever  been  proposed  in  chemistry;  but, 
before  committing  ourselves  implicitly  to  its  adoption,  it  is  neces- 
sary to  examine  into  its  bases  with  some  detail. 

Daltoa  assumes  that  matter  is  constituted  of  indefinitely  small 
particles,  atoms,  but  he  advances  no  proof  that  it  is  so;  he  adopts, 
unreservedly,  that  side  of  the  discussion  which,  from  the  earliest 
ages,  has  divided  the  opinions  of  philosophers,  and  shows  liiat  on 
that  hypothesis  all  the  most  remarkable  phenomena  of  chemistry  can 
be  explained.  But  I  have  already,  in  the  first  chapter  of  this  work, 
pointed  out,  that  the  question  of  the  ultimate  constitution  of  matter 
is  now  no  nearer  its  solution  than  it  was  twenty  centuries  ago  ;  and, 
I  will  now  proceed  to  show,  that  for  the  explanation  of  the  laws  of 
combination,  the  atomic  theory  of  Dalton  is  unnecessary,  or,  at  least, 
that  it  be  n  nly  ne  out  of  a  variety  of  molecular  conditions 
which  ma  y         me.     In  the  first  place,  Jt  is  necessary  to  as- 

certain in     h  lie  relative  weights  of  the  atoms  of  bodies, 

if  they  m  11  o  be  determined. 

I  point  d  1  e  last  chapter  the  number  of  circumstances 

which  sh  Id  b  In  ito  account  for  the  determination  of  the 
equivalen  n  mb  fa  lody  ;  it  is  by  such  considerations  that  in 
similar  ca         1  m      veight  of  a  body  is  determined  ;  and  where 

the  idea  o     1  of  such  ultimate  Qombining  molecules  is 

adopted,    h  1     equivalent,  and  the  number  is  its  weight, 

if,  therefo  hi  j  f  molecular  constitntion  involved  chemical 
results  alone,  no  difficulty  would  occur  ;  but  when  we  consider  these 
atoms  as  building  up  the  mass,  and  conferring  upon  it  its  physical 
properties  at  the  same  time  that  they  produce  its  chemical  consti- 
tution, inconsistencies  are  found  which  must  prevent  our  coming 
too  hastily  to  a  conclusion. 

When  Gay  Lussac  first  determined  the  existence  of  those  simple 
relations  which  have  been  described  as  existing  between  the  volumes 
of  gases  which  combine  together,  it  was  considered  certain  that 
all  gases  contained  in  the  same  volume  the  same  number  of  atoms. 
The  gases  are  remarkable  for  all  possessing  the  same  physical  con- 
stitution. Their  relations  to  pressure  and  to  heat  are  governed  by 
the  same  law  in  all  cases,  which  can  be  best  explained  by  supposing 
that  in  the  same  space  they  contain  the  same  number  of  ponderable 
atoms,  set  at  equal  distances  from  each  other,  and  whose  material 
repulsion  is  expressed  by  the  same  law.  Hence,  when  one  volume 
of  chlorine  unites  with  one  of  hydrogen,  an  equal  number  of  atoms 
of  each  element  come  into  play,  and  an  atom  of  the  compound  con- 
sists of  an  atom  of  each  constituent.  But  here  a  difflculty  occurs  ; 
the  chloride  of  hydrogen  which  results  occupies  two  volumes,  and 
yet  it  is  in  physical  properties  identical  with  the  hydrogen  or  chlo- 
rine ;  all  physical  evidence  would  lead  us  to  believe  that  muriatic 
acid  gas  contained  in  the  same  volume  the  same  number  of  atoms 
as  its  constituents,  but  the  most  positive  chemical  evidence  shows 
that  it  contains  but  half  so  many.  In  like  manner,  on  physical 
grounds,  there  should  be  the  same  number  of  atoms  in  the  same 
volume  of  oxygen  and  hydrogen  ;  and  as  water  is  formed  by  the 
union  of  one  volume  of  oxygen  with  two  of  hjdrogen,  it  should 
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consist  of  one  atom  of  oxygen  and  two  atoms  of  hydrogen  ;  but  the 
xaosl  perfect  chemical  evidence  we  possess  proves  that  water  is 
composed  of  an  equivalent  of  each  element.  The  number  of  chem- 
ical molecules  in  gases  is  different,  therefore,  for  each  gas;  it  is  the 
combining  or  equivalent  volume  which  contains  equal  numbers  of 
chemically  equivalent  molecules  or  atoms,  and,  as  has  been  shown 
in  the  tables  in  the  last  chapter,  those  volumes  differ  remarkably  from 
one  gas  to  another. 

Another  physical  condition,  which  is  intimately  connected  with 
the  molecular  constitution  and  the  chemical  relations  of  bodies,  is 
their  specific  heats,  on  the  remarkable  law  of  which,  regarding  the 
simple  bodies,  as  discovered  by  Dulong  and  Petit,  and  extended  to 
maay  compound  bodies  by  Naiiman  and  Avogadro,  I  have  already 
fixed  attention  (page  67).  If  we  look  upon  the  specific  heats  of  all 
the  ultimate  particles  of  simple  bodies  as  being  the  same,  we  should 
at  once  have  a  mode  of  determining  their  atomic  weights,  and  these 
should  coincide  with  the  equivalents  deduced  from  chemical  consid- 
erations. 

In  the  great  majority  of  cases,  the  atomic  weights  of  the  solid  sim- 
ple bodies,  deduced  from  their  specific  heats,  coincide  with  those 
adopted  from  chemical  considerations;  and  in  some  of  the  excep- 
tional instances,  as  bismuth  and  silver,  there  is  doubt  as  to  the 
true  number,  which  may  be  fairly  interpreted  as  so  far  remaining 
neutral.  But  in  other  cases  we  find  that  it  completely  fails ;  thus, 
the  atomic  weight  of  iodine,  deduced  from  its  specific  heat,  is  63*  1, 
while  there  is  no  doubt  but  that  its  chemical  equivalent  is  126-3, 
twice  as  much.  Also,  the  history  of  arsenic  and  phosphorus  is  so 
complete,  that  there  is  no  doubt  that  their  equivalents  are  75-4  and 
31'4  ;  but  when  we  calculate  the  atomic  weights  from  their  specific 
heats,  we  find  as  the  result  for  arsenic  37-7,  and  for  phosphorus 
15-7,  that  is,  in  each  case  but  the  half  of  the  real  number.  In  the 
gases,  also,  there  is  complete  discordance  between  the  specific  heats 
and  the  chemical  equivalents,  no  matter  whether  we  consider  their 
purely  molecular  constitution,  by  which  they  should  have  an  equal 
number  of  atoms  and  equal  specific  heats  in  equal  volumes,  oi 
whether  we  compare  their  combining  volumes  with  their  specific 
heats.  The  specific  heats  of  equal  volumes  (p.  69)  of  oxygen  and 
of  hydrogen  have  been  proved  by  Apjohn  to  be  as  808 -to  1459, 
while  on  chemical  grounds  that  of  oxygen  should  be  double,  and 
on  molecular  considerations  the  same  as  that  of  the  hydrogen. 

It  follows,  from  what  bas  been  said,  that  it  is  totally  impossible 
to  adopt  completely  the  opinion  of  Dalton,  that  bodies  are  composed 
of  ultimate  and  indivisible  particles,  which,  aggregr.ting'  together, 
give  origin  to  sensible  masses  of  the  same  nature  when  similar  par- 
ticles unite,  and  to  the  phenomena  of  chemical  combination  when 
the  union  is  between  particles  of  different  kinds;  I  adopt  fully  the 
idea  of  Dumas,  that  it  is  possible,  and,  indeed,  more  consonant  to 
experiment,  to  explain  all  the  laws  of  chemical  combination  quite 
independent  of  all  considerations  as  to  whether  the  masses  which 
combine  are  indivisible  or  the  reverse.  The  word  alom,  if  interpret 
ed  in  its  strict  and  proper  sense,  is  unnecessary,  and  may  be  inju 
tious  if  employed  with  any  vague  or  undefined  meaning. 
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I  consider,  as  I  have  already  stated  (page  17),  that  sensible  masses 
of  matter  are  constituted  of  a  number  of  lesser  masses,  which  again 
may  be  made  up  of  similar  constituent  oroups  proceedino-  down- 
ward to  any  extent,  but  still  without  in     I  1      (  1  m 
to  the  degree  of  possible  division.     0         1          f    h        g       p 
particles  1  consider  to  be  represented  by    h       q        1                b 
and  it  is  possible  that  these  number    n    y      d            1 
which  the  chemically  combining  group    m  y  b        PP       d  bd 
vide  themselves,  in  order  to  generate              [  g      p      f 
class.     The  specifia  heats  of  bodies  n    y  be  c  n    dered  to  have  ref 
erence  to  an  order  of  groups  of  particles  often,  but  not  necessarily, 
coincident  with  those  which  combine  to  produce  chemical  com- 
.  pounds ;  and  the  third,  probably  the  most  remote,  engaged  in  the  or- 
dinary properties  of  matter,  may  he  such  as,  being  uniformly  distrib- 
uted in  the  gaseous  form,  confers  upon  those  bodies  the  properties 
which  characterize  mechanically  that  condition,  and  are  independent 
alike  of  the  chemical  properties  and  specific  heats  which  appertain 
to,  and  are^ exhibited  by,  groups  of  a  more  complex  structure  and 
superior  order. 

From  this  point  of  view  I  contemplate  the  atomic  theory;  for 
these  groups,  engaged  in  chemical  combination,  and  indivisible  by 
chemical  means,  are,  in  all  chemical  relations,  atoms.  Their  relative 
weights  are  our  equivalent  numbers.  From  their  union  the  laws  of 
definite  and  multiple  combination  directly  follow.  But,  when  we 
remove  them  from  their  proper  sphere,  when  we  subject  them  to 
physical  forces,  we  may  dissect  them,  and  separate  them  into  other 
groups ;  or  we  may  unite  many  of  them  together  to  form  a  larger 
group,  characterized  by  the  relations  to  heat  and  to  pressure  that 
have  been  already  stated,  but  no  longer  the  group  or  atom  engaged 
in  chemical  operations.  Thus  the  group  which  is  acted  on  by  the 
heat  when  a  gas  expands,  occupies  only  half  the  space  in  muriatic 
acid  that  the  chemical  group  takes  up  ;  but  in  gaseous  sulphur  it 
occupies  three  times  the  space  of  the  chemical  atom.  In  gaseous 
oxygen,  arsenic,  and  phosphorus,  the  mechanical  atom  is  of  the 
same  volume,  hut  the  chemical  atom  only  of  half  the  volume  thai 
they  respectively  occupy  in  hydrogen,  chlorine,  and  iodine.  In 
most  of  the  simple  bodies  the  same  groups  produce  chemical  com- 
bination,.and  determine  the  specific  neat;  but  in  iodine,  in  arsenic, 
and  in  phosphorus,  the  group  which  enters  into  chemical  combina 
tion  contains  two  of  the  groups  which  are  pointed  out  from  the 
specific  heats  of  these  bodies. 

I  shall  frequently  employ  the  word  atom  in  the  course  of  the  fol- 
lowing page,  hut  I  do  so  only  as  an  abbreviation  for  the  terms 
equivalent  quantity  or  combining  masses.  Of  the  ultimate  particles  of 
matter,  or  true  atoms,  we  know  nothing;  and  all  of  the  discussions 
that  have  taken  place,  from  the  earliest  and  vaguest  speculations  of 
Democritus  or  Leucippus,  to  the  modern  experiments  of  Wollaston 
and  Faraday,  must  be  considered  as  absolutely  without  influence  on 
the  positive  decision  of  the  question. 


b,  Google 


RELATION     OF     CONSTITUTION    TO     FORM. 


The  general  principles  of  the  isomorphism  of  crystallized  sud- 
Mtances  have  heen  already  noticed,  with  relation  to  the  f^ct  of  their 
eubstiCntion  for  each  other  (page  31),  and  of  the  advantage  with, 
which  this  property  may  be  applied  to  determine  equivalent  num- 
bers (page  212j ;  it  now  remains  to  study  this  character,  as  indica- 
tive of  the  molecular  constitution  of  the  body. 

It  m«st,  in  the  first  place,  be  carefully  observed,  that  identity  of 
crystalline  form  does  not  imply  similar  chemical  constitution,  un- 
less under  limiting  circumstances,  which  require  to  be  studied  with 
great  care.  The  principle  upon  which  all  subsequent  reasoning 
must  rest  is,  that  in  proportion  as  the  structure  of  the  crystal  be- 
comes more  complex,  and  the  conditions  necessary  for  its  forma- 
tion, consequently,  more  varied,  the  greater  probability  is  there 
that  two  bodies  shall  not  assume  exactly  the  satne  form,  unless  their 
chemical  constitution  and  the  molecular  arrangement  belonging  to 
it  be  the  same,  or,  at  least,  similar  in  both.  Hence,  in  the  regular  sys- 
tem, there  can  he  no  inference  whatsoever  drawn  with  reg'ard  to 
constitution  from  the  crystalline  form  alone.  Bodies  the  most  con- 
trasted possible  in  their  properties  and  composition  have  identical 
external  figures,  as  fluor  spar,  bismuth,  alum,  sulphuret  of  lead,  com- 
mon salt.  The  conditions  of  moJecnlar  arrangement  for  the  forms 
belonging  to  this  system  being  the  easiest  possible  to  fulfil,  the 
greatest  variety  in  the  number  and  grouping  of  the  chemical  con- 
BtitnentS'is  allowable, 

In  the  other  systems  of  crystallization,  where  the  double  refrac- 
tion and  the  rings  produced  by  polarized  light,  transmitted  along 
their  principal  axis,  indicate  a  much  greater  complexity  of  struc 
ture,  it  becomes  highly  improbable  that  the  molecules  of  two  bod- 
ies shall  be  so  similar  to  each  other  as  to  produce  identity  of  crystal- 
line form,  unless  there  is,  if  the  body  be  compound,  a  similarity  of 
composition,  or,  if  the  body  be  simple,  such  similarity  of  properties 
as  brings  the  two  into  the  same  group  in  a  natural  classification. 
This  probability  increases  with  the  complexity  of  molecular  struc 
ture  of  the  crystals. 

The  isomorphism  of  compound  bodies  has  been  explained  upon 
the  supposition  that,  in  such  cases,  the  replacing  elements  were 
themselves  isomorphous,  and  hence  might  change  places  without 
disturbing  the  mechanical  arrangement  of  the  other  components  of 
the  crystal.  Thus,  ia  the  sulphuric,  chromic,  selenic,  telluric,  and 
manganic  acids,  which  contain  each  three  equivalents  of  oxygen, 
the  molecules  of  sulphur,  chrome,  tellurium,  selenium,  and  manga- 
nese have  all  the  same  form.  The  perfect  determination  of  wheth- 
er those  elements  are  really  thus  isomorphous,  is  very  difilcult,  from 
the  fact  of  comparatively  very  few  being  crystallizable.  Thus  tel- 
lurium and  sulphur  are  those  of  which,  alone,  we  know  the  crystal- 
line form,  for  the  only  crystals  of  selenium  that  have  been  observ- 
ed are  microscopic  and  imperfect,  and  neither  chrome  nor  manga- 
nese can  be  had  crystaUiaed  at  all.     We  must,  therefore,  be  guided 


by  Google 


223  ISOMORPHISM    OF     COMPOUND     BODIES. 

by  analogy  in  such  cases  ;  and  if  we  examine  another  group  of  com- 
pounds into  which  chrome  and  mang-anese  enter,  we  find  that  Cr, 
O3  and  MtijOa  are  isomorphous  with  FeA,  and  Mn.O.  and  Fe.O.  are 
isoaioTphoua  with  Cu.O.  Now  we  here  arrive,  by  a  chain  of  iso- 
morphous conditions,  ,at  a  metal  which  may  be  obtained  crystallized, 
but  the  crystalline  form  of  copper  is  always  one  of  the  regular  sys- 
tem, as  the  cube,  octohedron,  rhombohedron,  dodecnhedron,  &c. ; 
while  sulphur,  with  wliich  it  should  be  isomorphous,  if  this  princi- 

fde  were  absolutely  true,  crystallizes  in  two  forms,  of  which  one  be- 
ongs  to  the  oblique  prismatic,  and  the  other  to  the  right  prismatic 
system  ;  while  tellurium  belongs  to  the  rhombohedral  system,  af- 
fecting a  totally  different  form  altogether.  Numerous  other  instan- 
ces might  be  taken ;  thus  the  periodic,  perchloric,  and  permanga- 
nic acids  are  isomorphous  (I.O,,  Ci.O,,  and  MnA),  while  the  ele- 
ments themselves  are  certainly  not  necessarily  isomorphous,  aa 
iodine  belongs  to  the  right  prismatic  system.  Also  the  isomorph- 
ism of  the  phosphoric  and  arsenic  acids  (P.Oj  and  As.Oj)  is  one 
of  the  best  examples  that  lias  been  found ;  but  phosphorus  and  arse- 
nic are  so  far  from  being  isomorphous,  that  phosphorus  crystallizes 
in  the  reg;nlar,  and  arsenic  in  the  rhombohedral  system.  The  prin- 
ciple that  compound  bodies  are  isomorphous,  because  their  repla- 
cing elements  have  necessarily  the  same  figure,  is  therefore  one 
which  cannot  be  received  in  science. 

Another  idea  suggested  for  the  explanation  of  the  phenomena  of 
isomorphism  is,  that  the  crystalline  form  of  a  body  is  completely 
independent  of  its  chemical  composition,  and  is  produced  only  by 
the  number  of  ultimate  particles  or  atoms  by  which  it  is  made  up, 
Thus  alum  has  the  same  form,  whether  it  contains  aluminum  or  iron, 
or  manganese  or  chrome,  not  because  their  particles  have  the  same 
figure,  but  because,  in  all  these  cases,  the  molecule  of  alum  is  made 
up  of  .the  same  number  (71)  of  simple  atoms.  This  idea  is,  however, 
even  less  tenable  than  the  former;  for  it. supposes  that  we  have  ar- 
rived at  the  ultimately  simple  bodies,  the  true  elements,  which  is  a 
very  unphilosophicai  assumption;  and  according  to  it,  bodies  could 
replace  each  other  only  when  they  were  all  simple  or  all  of  the  same 
degree  of  composition,  which  is  not  the  case;  and  also  among  the 
simple  bodies,  that  the  replacement  should  be  always  by  an  equal 
number  of  ultimate  molecules,  which  is  also  negatived  by  experi- 
ment. Thus  we  find  that  an  equivalent  of  a  simple  body,  K.,  is  re- 
placed by  a  group  of  five  equivalents,  N.H^,  and  that  the  simple  atom, 
CI.,  is  replaced  by  the  two  atoms  Mn;.  This  suggestion  cannot,  there- 
fore, be  considered  as  satisfactory,  and  we  must  examine  farther 
into  the  conditions  of  isomorphous  replacement  before  we  attempt 
the  farther  discussion  of  the  source  from  whence  it  has  its  rise. 

It  is  necessary  first  to  study  the  crystalline  relations  of  the  unde 
composed  bodies,  both  so  far  as  they  have  been  really  observed,  and 
as  they  generate  similar  compounds  which  are  isomorphous.  Thi 
simple  bodies  which  are  known  to  crystallize  are  : 
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"iegttlar  System. 

Rhomholiedral. 

Carbon. 

Carbon. 

Phosphorus. 

Tellurium. 

Selenium. 

Arsenic. 

Copper. 

Antimony. 

Silver. 

Gold. 

Right  Vri^matic. 

Platinum. 

Sulphur. 

Mercury. 

Iodine. 

Bismuth. 

Titftniura. 

Oblique  Prisriuu 

Lead. 

Sulphur. 

It  is  thus  seen  that,  of  the  simple  bodies  which  may  be  obtained 
crystallized,  two  thirds  crystallize  in  the  regular  system,  which,  as 
already  noticed,  prevents  o«r  resting  upon  their  forms  any  chemical 
reasoning;  and  the  bodies  whose  isomorphoua  equivalency  is  best 
established,  afe  not  found  to  belong  even  to  the  same  system.  Car- 
bon and  aulpKurare  known  also  to  have  each  two  forms  of  different 
systems,  and  to  be  thus  dimorphous.  It  must  be  observed,  however, 
that  the  assumption  of  the  forms  of  the  regular  system  by  so  many 
of  the  simple  bodies,  particularly  among  the  metals,  may  arise  from 
circumstances  such  as  confer  the  external  cubical  figure  on  analcime 
or  boracite,  and  that  their  internal  structure  may  be,  in  reality,  more 
complex,  and  their  arrangement  different ;  for  the  metals  do  not  reflect 
light  as  other  bodies  of  the  regular  system  do  ;  they  change  it  into 
the  state  of  elliptical  polarization ;  and  in  the  only  case  where  light 
can  be  examined,  after  having  been  refracted  through  a  metal,  that 
of  gold  leaf,  it  is  found  to  be  elliptically  polarized  also,  Tiie  dia- 
mond resembles  the  metals  in  this  property,  and  is  found  sometimes 
to  possess  double  refraction,  which  should  belong  also  to  the  metals, 
probably,  if  their  nature  allowed  it  to  be  tried.  The  cubic  crystals 
of  gold,  copper,  and  bismuth,  the  octohedrons  of  lend,  silver,  and 
zinc,  may  therefore  belong  to  the  square  or  right  prismaf  it',  systems, 
the  three  axes  being  equal  among  each  other,  and  Sience  the  iso- 
morphism of  the  simple  bodies  be  rendered  etill  less  probable. 

The  examples  of  isomorphism  in  compound  l)odies,  which  are  most  ileserving  ot 
attention,  are  the  following: 


oiiini.i.i-in  ■.^::i  an   \      These  acids,  the comiKiailion  of  wliich 

Selenio  .«d Se.O.  K"^  ""••»  "»■•»■»  1";  ■"'  ft; 

Ma«anleaeH „    „•  J  crrUaltaUoa,  have  ito  sa,™  cry.i.n™ 


.    .  Mg-0. 

Protoxide  of  iron      .    .    , 

Protoxiile  of  manganese    . 

.    .  Mn.O 

Oxide  of  copper    .    ,     .     . 

.    .   Cu.O 

Protoxide  of  nickel  .     .     , 

.    .    NLO 

Osidoofiino 

,    .    Zn.O 

.    .  r<i  o 

I  These  protoxides  combine  with  acida 
and  form  salts,  wliich,  when  in  the  same 
degree  of  saturation  with  base  and  water 

>of  ciyatalliiation,  have  the  same  form. 
The  Euipliates  of  these  oxides  combine 
with  sulphate  of  potasti  to  form  Isi 
o'ls  double  salts. 
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Sesquioiide  of  iion  ....  FejOs'i  Theso  sesquio sides,  combineii  witJi 
Sesquioxide  of  inangiinese    .     .  MnjOa  I  sulphuric  acid,  with  sulphate  of  potash. 

Oxide  of  chrome i  CrjOs  f  anri  with  water,  form  the  different  sp&i 

Alumina AliOj/  ciea  of  alum,  which  have  all  tiie  octohe- 

dral  form.    Tliej  are  themselYea  also  isomorphous. 

Potash K.O.-i      These  fixed  aliialies  laaybe  substitu- 

Soda Na.O.  1  teil  for  each  other  in  the  different  spe- 

Hydrated  ammonia  ....  N.HjH.O.  feies  of  alum.  The  bjdrated  ammonia, 
Hjdrate  of  lime  ....  .  Ca.O.H.Oj  H.O.N.H3  (oflencalledo.xideof  ammoni- 
nm,  N.HiO.),  ia  truly  isomorphous  with  potash  in  all  its  compounds ;  but  it  is  only 
rarely  that  the  compounds  containing  soda  appear  tu  have  the  same  form,  la  min 
erala,  and  in  some  forms  of  alums,  potash  is  I'eplaced  hy  an  atom  of  any  oxide  in 
Group  II.,  united  with  an  atom  of  water,  as  hydrate  of  lime,  or  by  two  atoms  of 
such  compound  without  water. 

Phosphoric  acid P.Os  >      These  acids  combine  with  bases  in 

Arsenic  acid As.Oj  ( different  proportions  to  form  each  three 

classes  of  salts,  between  which  respectively  the  isomorphism  is  complete.  It  was 
by  the  study  of  the  forms  of  the  corresponding  arseiiiates  and  phosphates  tliat  Mit- 
Bcherlich  first  establislied  the  principle  of  isomorphism,  although  the  true  laws  of 
their  constitution  escaped  his  notice,  and  were  only  brought  into  Tiew  by  the  later 
excellent  researches  of  Graham.  Even  now  there  is  no  example  of  isomorphism 
between  two  complete  series  of  compounds  so  well  established  as  that  of  the  ar- 
seniates  and  phosphates. 

Perchloric  acid C1.0,-\      The  corresponding  saltsof  theso  acids 

Permanganic  acid Mnj07  Sare  truly  isomorphous,  and  this  group  af- 

Periodic  acid I.OtJ  fords  an  example  of  a  form  to  which  I 

shall  recur,  that  of  one  ei}uivalent  of  one  body  being  replaced  by  two  of  another,  as 
CI.  by  Mn,. 

Sulphuret  of  antimony    ....  Sb.Ss"\      These  bodies,  which  are  found  crystal- 

Sulphcret  of  arsenic As.Sj  Slized  in   nature,  have  the  same  form. 

Sulphuret  of  bismuth  ....  BijSj/ Tlieoxide  of  antimonyand  the  arsenjoua 
field,  Sb.Os  and  As.Og,  though  they  are  not  found  crystallized  in  the  same  form,  ap- 
pear to  replace  each  other  in  some  salts  without  changing  its  figure,  and  may, 
therefore,  be  sometimes  isomorphous. 

Stannic  acid Sn.Oa )      These  are  found  native  crystallized  in 

-  Titanic  acid Ti.Oa  i  the  same  form. 

There  are  many  other  cases  in  which  similarity  of  crystalline  form  has  been  ob- 
served between  bodies  of  more  or  less  analogous  constitution ;  but  as  here  I  wish 
to  bring  forward  only  a  sufficient  number  of  the  most  remarkable  examples  of  the 
principle,  I  shall  postpone  for  the  present  the  consideration  of  the  remainder. 

The  principle  of  isomorphism,  as  thus  described,  has  heen  sup' 
posed  to  require  that  the  angles  of  the  crystals  of  the  isomorphous 
bodies  should  be  truly  equal,  which  they  are  not  found  really  to  be, 
for  even  in  the  best  examples  taken  slight  differences  appear.  Thus, 
in  the  carbonates  of  lime  and  magnesia,  the  angles  of  the  rhombs 
differ  by  2°  36' ;  in  the  sulphates  of  zinc  and  magnesia  they  differ 
by  38' ;  in  the  sulphates  of  batytes  and  strontia  the  difference  is  2° 
48',  To  express  this,  the  word  plesiomorphism;  indicating  that  such 
crystals  are  not  exactly,  but  nearly,  of  the  same  form,  has  been 
proposed  ;  but  it  is  totally  useless,  as  absolutely  isortiorphous  forms 
would  then  be  extremely  rare.     It  is  easy  to  understand  that  slight 
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changes  in  external  circumstances  mig'ht  prevent  the  absolute  iso- 
morphism of  two  bodies,  particularly  as  it  is  found  that  the  value 
of  the  aagles  in  different  specimens  of  even  the  same  substance  is 
liable  to  fluctuation  even  to  nearly  a  degree.  I  apprehend  thai  we 
must  seek  the  cause  of  these  plesiomorphic  differences  in  the  pecu- 
liar circumstances  under  which  the  body  forms,  pnrticularly  with 
regard  to  temperature  ;  for  when  a  crystallized  body,  not  of  the  reg- 
ular system,  is  heated  or  cooled,  it  expands  in  different  degrees,  ac- 
cording to  the  direction  of  its  axis,  and  may  even  contract  in  one 
direction  while  it  is  expanding  in  another ;  thus,  when  carbonate  of 
lime  is  heated  from  SS"  to  212 ',  the  linear  expansion  in  the  direction 
of  the  principal  axis  is  0-001961,  while  in  the  direction  of  each  hor- 
izontal axis  a  contraction  of  0'00055  occurs  ;  in  consequence  of  this, 
the  obtuse  angle  of  the  rhomb,  which  at  50"  Fah.  is  equal  to  105° 
4',  becomes  more  acute  by  8j',  and  the  acute  angles,  which  are  74" 
5i'  15 ',  become  more  obtuse  in  a  corresponding  degree.  Hence,  if 
we  heated  or  cooled,  through  a  certain  range  of  temperature,  the 
various  crystallized  bodies  of  that  group,  they  might  be  brought  to 
coincide  absolutely  in  form,  and  possibly,  when  at  first  generated, 
they  were  thus  coincident ;  but  by  change  of  figure,  when  brought 
to  ordinary  temperatures,  the  small  plesiomorphic  differences  may 
have  occurred. 

Isomorphism,  considered  as  thus  sketched,  aflbrds  to  the  chemist 
the  most  valuable  criterion  at  present  at  his  disposal  for  determin- 
ing those  substances  which  replace  each  other  most  truly  in  Com- 
bination ;  and  where  a  number  of  bodies  are  so  connected  by  exter- 
nal form,  very  important  conclusions  may  be  obtained  as  to  the  in- 
ternal arrangement  of  their  constituents.  In  this  manner  it  has 
been  satisfactorily  established,  that  bodies  may  replace  each  other 
in  proportions  quite  different  from  their  ordinary  equivalents,  and 
thus  pass,  as  it  were,  by  a  doubling  or  trebling  of  their  atomic 
weights,  into  a  different  natural  group;  and  that  even  two  bodies, 
combined  in  an  equivalent  of  each,  may  form  a  complex  group,  ca- 
pable of  being  substituted  for  one  of  simpler  structure.  Tims  an 
equivalent  of  chlorine  is  replaced  by  two  equivalents  of  manganese ; 
an  equivalent  of  silver  is  replaced  by  two  equivalents  of  copper ;  an 
■  equivalent  of  soda  or  of  potash  is  replaced  by  two  equivalents  of 
lime,  or  of  one  of  lime  and  one  of  water,  or  by  one  of  Ihiie  and  one 
of  oxide  of  manganese  or  of  iron,  or  by  ammonia  and  water  united 
to  each  other,  or  to  an  equivalent  of  a  protoxide  of  the  magnesian 
group.  By  such  observations  we  obtain  the  foundations  of  a  philo* 
sopbical  classification  of  bodies,  with  which  the  analogies  drawn 
from  purely  chemical  characters  are  found  remarkably  to  corre- 
spond. 

But  it  is  important  to  ascertain  whether  tha  isomorphism  of  varions  hodiea  es- 
tablishes necessarily,  or  even  probably,  in  the  absence  of  other  reasons,  grounds  ljr 
aaaimilating  the  fomnulte  of  the  bodies,  or  imagining  that  their  chemical  constitu- 
ents are  eguivalenC  and  are  arranged  ia  the  same  way.  This  is  a  point  which  has 
been,  as  I  consider,  much  misanderstood,  and  has  led  to  some  error  and  confusion. 
Thus  anhydrous  sulphate  of  soda  crystallizes  in  the  same  form  as  perchlorate  of 
barytes  and  permanganate  of  bnrytes ;  and  if  it  be  necessary,  as  a  consequence  of 
isomorphism,  that  these  bodies  should  have  similar  constitutions,  we  must  change 
the  formula,  S.O3 .  Na.O.  into  S2O7 .  NajO..  in  order  to  make  it  resemble  MnjOy . 
Ba.O.  This  requires  us  to  compare  the  sulphates  whose  elements  are  most  oow- 
Ff 
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2ab  paiNciPLKs  of  isomorphous  replacement. 

crfully  nnited,  with  some  of  the  most  easily  decomposed  salts  that  we  know ;  it  re- 
quires us  to  consider  the  alkalies  as  being  suboxides,  which  is  opposed  by  every 
circumstauce  in  their  history ;  and  il;  requires  us  to  consider  two  equivalents  of  so 
dium  as  being  equivalent  to  one  of  barium,  for  whioh  no  other  evidence  can  be  bad 
from  otber  examples.  But,  again,  the  anhydrous  sulphate  of  soda  is  isomorphous 
with  sulphate  of  silver,  and  hence  the  Ibrmnia  of  (his  last  should  be  SiO?  ■  AgaO., 
Whioh  IS  so  totally  unsupported  by  other  evidence  that  it  has  been  proposed  to  sub- 
divide theatj)micweight  of  silver  and  sodium,  for  the  purposeof  explaining  the  iso- 
morphism of  Cua  and  Ag.  These  examples  are  sufficient  to  show  how  unphihisoph- 
ical  is  the  attempt  at  rashly  inverting  the  principle  of  isomorphism,  and  seeking  to 
deduce,  as  a  necessary  consequence  of  the  mere  similarity  of  form,  simiiarity  of 
chemical  constitution.  Bodies  of  similar  chemical  constitution  aifect  the  same 
crystalline  form;  but  bodies  of  the  moat  diverse  natures  may  have  the  same  erjs- 
talUne  form  also.  Even  without  speaiiing  of  (he  regular  system,  wliere  fluor  spar 
and  alum,  Ca.F.  and  K.O.  .  S.Oj+AltOj  .  3S.09+24H.0.,  have  the  same  form,  we 
lind  numerous  examples  of  this  fact ;  -  nitrate  of  soda  aud  carbonate  of  lime  are  iso- 
morphous in  the  rhombohedral  system,  and  nitrate  of  potash  and  carbonate  of  lead 
in  tliB  right  prismatic  system ;  the  chemical  constitution  of  the  formute  H.O5 .  Na.O,, 
and  COi  .  Ga.O.,  and  that  of  the  formulie  N.Oj  .  K.O.,  and  C.O2  .  Pb.O.,  are 
Widely  different,  but  the  forces  by  which  the  assumption  of  crystalline  form  is  gov- 
erned are  alike.  Even  in  these  instances  the  attempts  at  generalizing  the  chemical 
fbrmulce  have  i>een  tried,  and  the  nitrates  of  soda  and  potash  have  been  written 
N.Os  K.  and  N.Oa .  Na.,  with  which  the  formuhe  of  the  cartonates,  when  doubled, 
C^OeCaj  and  CjOsBaib  have  been  compared.  In  this  way  one  equivalent  of  soda  is 
made  isomorphous  with  two  of  barytes,  while  by  a  fomier  and  similar  reasoning, 
one  of  barytes  was  made  isomorphous  with  two  of  soda.  Bisulpliato  of  potash, 
K.O.  .  S.Os+H.O.  .  S.O3,  crystallizes  in  two  forms,  one  of  wWch  is  that  of  sul- 
phur, a  simple  body,  and  the  other  of  which  is  that  of  feldspar,  K.O.  .  Sj+AliOa . 
SSoj.    Here,  in  neither  case  is  there  the  slightest  similarity  of  constitution. 

The  circumstances  of  isomorphous  replacement  may  be  reduced 
to  the  following  simple  propositionsj  with  which  I  shall  terminate 
the  subject: 

1st.  Similarity  of  crystalline  form  requires  that  the  molecular 
structure  of  the  bodies  shall  be  alike,  but  has  no  necessary  reference 
to  the  chemical  nature  or  composition  of  these  moiecules.  Exam 
pies.— Nitrate  of  soda  and  carbonate  of  lime,  sulphate  of  soda  and 
perchlorate  of  barytes,  bisulphate  of  potash  and  sulphur. 

2d.  When  the  physical  molecules  consist  of  chemical  eJemenla 
which  ''ollow  the  same  laws  of  combination,  and  which  belong  to 
the  same  chemical  family,  the  similarity  of  molecular,  structure  is 
most  completely  and  most  easily  produced,  and  such  crystals  are 
isomorphous.  Examples. — Sulphate  of  zinc  and  sulphate  of  magnesia, 
carbonate  of  lime  and  carbonate  of  zinc,  snJphate  of  barytes  and  sul- 
phate of  strontia. 

3d.  But  identity  of  molecular  structure  may  result  from  the  ag- 
gregation of  substances  the  most  different  in  their  chemical  relations, 
and  hence  isomorphous  bodies  are  not  necessarily  of  similar  chem- 
ical constitutions. 

4th.  As  the  influence  of  the  chemical  constitution  does  not  extend 
to  the  absolute  determination  of  the  molecular  structure,  a  body, 
chemically  the  same,  may  assume  incompatible  crystalline  forma, 
and  so  become  dimorphous  ;  but  as  the  chemical  structure  influences 
the  molecular  arrangement  in  some  degree,  dimorphous  bodies, 
which  are  isomorphous  in  one  form,  are  generally  so  in  the  other, 
they  are  isodimorp/ious.  Examples. — Sulphur,  bisulphate  of  potash, 
nitrate  of  potash  and  carbonate  of  lime,  garnet  and  idocrase,  arse- 
nious  acid  and  oxide  of  antimony. 

5th.  Wecannotassertthat  the  similarity  of  form  of  truly  iaomorph- 
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ous  bodies  results  from  the  isomorphism  of  their  elements;  for, 
so  far  as  our  observation  goes,  their  simple  constituents  are  not 
necessarily,  or  even  usually  laomorphous.  Examples — Arseniates 
find  phosphates,  sulphates  and  seleniates. 

6th.  We  cannot  assert  that  isomorphism  results  from  the  ag-gje- 
gation  of  the  same  number  of  simple  molecules  ,  for  we  do  not 
know  what  bodies  aie  ti  uly  simple,  nor  do  we  know,  without  doubt, 
that  we  can  value  the  relative  number  of  atoms  present  j  but,  even. 
in  the  existing  state  of  our  knowledge,' we  have  numerous  exam- 
ples of  bodies  truly  isomorphous  which  contain  an  unlike  number 
of  atoms  according  to  our  present  ideas.  Examples, — Potash  and 
ammonia,  natrolite  and  mesotype,  sulphur,  feldspar,  and  bisulphate 
of  potash. 

Finally.  Isomorphism  does  result  from  the  aggregation,  according 
to  the  same  laws,  of  similar  molecular  groups,  which  are  most  gen- 
erally formed  by  the  reunion  of  similar  chemical  substances  in  the 
same  state  of  combination. 

SECTION  in. 

OF   riMOP.PUISM   AND    ISOMERISM,   AND   OF   THE   THEORY   OF   TYPES. 

The  fact  of  the  same  body  being  capable  of  crystallizing  in  forms 
belonging  to  two  diSerent  systems  has  been  already  frequently  re- 
ferred to,  but,  for  convenience  of  reference,  a  more  detailed  list  of 
such  cases  is  here  inserted,  taken  from  Professor  Johnston's  cxcet- 
lenl  report  on  the  subject  made  to  the  British  Association. 
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ST     OF     DIMOIJPHOUS    BODI 


I.  Elmtntary  bodies : 

Sulphur A  ) 

Carbon A  ) 

B  f 

I,  Bi-etementary   Compounds  : 
Dioxide  or  Copper    .  A  i 


Disulphur,  of  Copper 


Sulph.of  MHnganesi 


:?:Si 


7omp<mnrl3i,f3 
Jaifionate  of  I 


Cnrbonate  of  Iron 
Carbonate  of  Lead 


Chromate  of  Lcat) 


IV.  CDnipomidso/4or 


fieleniate  of  Zinc     .  A 

.  B 

Bienlphale  of  Potash  A 


Ag.S.orAgsS. 
Mn.S, 


Ca.O.+C.Os. 
Mg.O.+C.Os. 
Fe-O.+COs. 
Pb-O.+COj. 
K.0.+N.06. 
Pb.O.-)-Cr.O,. 

Ni.O.+S.Oj4-7li.O. 
Z!).0.+Se.O,+7H.O. 


Idocrase .    .    . 
Baryto-Calcite 


K.O.+S.O,+H.O.+S.O,. 

Na,0.+P,05+1H.0. 
or,iS'a.H,'p.+2H:. 


Ca.O.|r.„      Ba,0.)p-, 
Pb.'s.+3Pb.C. 


Klidinl^oheiira). 


i  Sid,  Pr.  tlhonib. 


R.,M.  on  M'.  1061 3'. 


Kt.  |i 


Rt.Kli.  Pr.,  M.M,=II4°. 
Rt.  Rli.  Pr.  M.M.=71'55. 
October},  with  rect.  base. 
Heg.  Oetohedrons. 
Rl.  Rh.  Pr, 

l)o.,M.  onM'.  136=  £S'. 
Keg,  Oelohfidrorjs. 


[ll.Rli.Pr.,M,<.nM'.=ll8' 
Khomhoid  of  lOe-Se,  I'm. 
Oh.  Rh.  Pr. 


1  Rl.  I!h.  F 

)  Square  Pi 


;  Ob.  Rb.  Pr.  (form  of  feldspar),  M. 
Rl.  Rh.  Pr.  of  M.  on  M'.  03"  51'. 


by  Google 


VARIOUS    STKDCTUG.E    OF    DIMORPHOUS    B  O  D  I  E  S.   229 

The  molecular  arrangements  which  produce  this  diversity  of  form 
are  not  in  general  of  equal  stability  ;  on  the  contrary,  one  figure  ap- 
pears to  be  in  general  lorced  upon  the  body,  and  is  abandoned  by 
it  upon  very  slight  disturbance.  Thus,  when  a  prism  of  arragonite 
is  heated  in  the  flame  of  a  spirit-lamp,  it  breaks  up  into  a  congeries 
of  little  rhombs  of  common  calo  spar  at  a  temperature  far  below 
that  at  which  the  carbonate  of  lime  commences  to  be  decomposed  ; 
but  no  alteration  of  temperature  can  convert  calc  spar  back  again 
into  arragonite.  Indeed,  arragonite  appears  to  be  formed  only  he 
tween  very  narrow  limits  of  temperature.  When  chalk  is  melted, 
■it  forms,  on  cooling,  marble,  whoise  fracture  shows  it  to  have  the 
rhombohedral  structure  ;  and  when  carbonate  of  lime  is  precipitated 
at  ordinary  temperatures,  the  microscopic  crystals  produced  are 
rhombohedrons  ;  but  when  it  is  precipitated  from  a  boiling  solution, 
it  doposites  minute  crystals  of  arragonite,  which  a  hi  her  or  a  lower 
temperature  would  have  prevented. 

When  sulphur  has  been  crystallized  by  fnsion  in  oblique  rhombic 
prisms,  these  lose  their  transparency  after  a  day  or  two,  and  change 
into  a  mass  of  very  minute  right  rhombic  octohedrons.  When  the 
arsenious  acid  is  crystallized  in  rhombic  prisms,  it  alters  slowly, 
and  eventually  hecomes  a  dull  white  mass,  which  is  a  congeries  of 
regular  octohedrons  ;  but  if  the  rhombic  form  of  the  acid  be  dissolved 
id  muriatic  acid,  and  the  solution  set  to  crystallize,  it  is  deposited 
in  the  octohedral  form,  and  the  formation  of  each  crystal  is  accom- 
panied by  a  brilliant  flash  of  light,  indicating  probably  the  moment 
of  the  change  of  molecular  condition.  One  form  is  therefore  the 
stable  condition  of  arrangement,  the  other  being  produced  by  tho 
sudden  fixation  of  the  molecules  in  a  form  which  is  naturally  oiliy 
transitive,  and  from  which  they  free  themselves  as  soon  as  the  ex- 
ternal circumstances  admit  of  their  suitable  motion  among  each 
other. 

Independent  of  the  change  in  external  figure,  dimorphous  bodies 
present  remarkable  differences  in  physical  properties  ;  thus  the  den- 
sity is  generally  different  j  in  one  form  the  substance  is  more  solu- 
ble than  in  the  other }  they  differ  also  in  hardness,  and,  generally 
speaking,  in  all  characters  derived  from  the  physical  arrangement 
of  molecules. 

A  body  in  its  dimorphous  conditions  presents  frequently  a  differ- 
ence of  chemical  properties  deserving  of  particular  notice.  The 
bisulphuret  of  iron,  in  its  cubical  form,  is  remarkably  permanent, 
not  being  acted  on  either  by  air  or  water  ;  but  in  its  right  rhombic 
form,  when  exposed  to  moist  air,  it  absorbs  oxygen  with  avidity, 
and  is  converted  into  a  crystalline  mass  of  copperas.  On  thisprin- 
eiple  depends,  most  probably,  the  change  of  molecular  condition 
which  takes  place  in  oxide  of  chrome,  peroxide  of  tin,  zirconia,  and 
alumina,  when  exposed  to  a  temperature  just  belowredness.  These 
substances,  which  had  been  easily  solubJe  in  acids,  become  almost 
totally  insoluble,  except  in  boiling  oil  of  vitriol,  and  this  change  is 
generally  accompanied  by  the  spontaneous  ignition  of  the  body, 
which  the  temperature  applied  would  be  quite  insufficient  to  pro- 
Independent  of  crystalline  form,  we  must  refer  to  circumstances 
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similar  to  those  which  produce  dimorphism,  ii  variety  of  differencea 
in  physical  constitution  obsorvahJe  in  certain  bodies.;  thus  melted 
sulphur  is,  at  230°  F.,  perfectly  liquid;  on  being  heated  to  430^  il 
becomes  thick,  and  so  tenacious  that  the  vessel  containing  it  may 
be  inverted  without  it  running  out ;  when  heated  farther  to  480 ',  it 
becomes  again  liquid,  and  continues  so  till  it  begins  to  boil.  When 
the  red  oxide  of  mercury  is  heated  nearly  to  redness,  it  becomes 
almost  quite  black.  \C  the  red  iodide  of  mercury,  formed  by  pre- 
cipitation, be  sublimed,  it  becomes  yellow ;  but  if  the  sublimed  mass 
be  scratched  with  a  pin,  the  edges  of  the  scFateh  turn  red,  and  the 
redness  spreads  from  thence  until  the  whole  mass  is  converted  into 
its  original  condition.  Even  in  liquids  and  gases,  this  difference  in 
molecular  condition,  whether  produced  by  temperature  or  by  other 
causes,  appears  frequently  to  occur.  Thus  the  liquid  hyponitrous 
'acfd  (N.O3J  is  deep  green  at  60^,  but  at  4^  it  is  quite  colourless; 
and  the  deep  red  gas  of  nitrous  acid  (N.OJ  becomes,  when  heated 
to  212°,  absolutely  black  and  opaque.  The  compound  of  starch  and 
iodine,  so  beautifully  blue-coloured  at  ordinary  temperatures,  be- 
comes colourless  when  heated  to  200',  but  acquires  its  original  tint 
in  proportion  as  it  again  cools.  In  all  such  cases,  there  is  scarcely 
room  to  doubt  but  that,  if  we  had  as  perfect  methods  of  determining 
the  molecular  structure  as  is  afforded  by  the  measure  of  the  angles 
and  the  optical  properties  of  the  bodies  when  crystallized,  we  should 
find  these  phenomena  to  depend  upon  causes  of  the  same  kind. 

In  solid  bodies,  a  difference  of  molecular  structure,  fully  equiva- 
lent to  that  to  which  dimorphism  may  be  referred,  is  capable  of  being 
produced  by  very  simple  means.  Thus,  when  a  plate  of  glass  is  com- 
pressed by  means  of  a  screw,  it  assumes  a  doubly  refracting  structure, 
and  gives  with  polarized  light  a  cross  and  rings,  variously  disposed 
according  to  the  direction  of  the  pressure.  In  this  case,  the  change 
of  structure  arises  necessarily  from  an  increase  of  density  in  the 
compressed  portions ;  but  the  same  effect  may  be  produced  by  the 
converse  process  ;  a  plate  of  glass  which  has  been  suddenly  cooled 
from  having  been  red-hot,  assumes  a  similar  doubly  refracting  and 
polarizing  structure,  although  here  the  density  is  diminishedin  place 
of  being  increased,  I  have  found  the  sp.  gr.  of  glass  suddenly 
chiOed  to  be  about  yi^  less  than  that  of  glass  of  the  same  kind 
which  had  cooled  slowly,  indicating  that  the  volume  was  the  same 
that  it  had  occupied  at  a  dull  red  heat,  and  that  hence  the  internal 
molecules  were  arranged  so  as  to  occupy  a  greater  space  than  in  the 
usual  condition. 

The  differences  of  chemical  properties  may,  however,  proceed 
much  farther,  so  that  in  place  of  considering  that  there  is  one  chem-. 
ical  substance  which  may  exist  in  two  molecular  conditions,  we  are 
obliged  to  consider  that  the  individuality  of  the  body  is  lost,  and 
that  in  its  two  forms  it  constitutes  two  distinct  and  independent 
chemical  substances.  Thus,  by  the  action  of  sulphuric  acid  on  al- 
cohol, we  obtain  a  gas  consisting  of  carbon  and  hydrogen,  in  the 
proportion  of  an  equivalent  of  each.  In  the  destructive  distillation  ot 
wood,  a  solid  substance  is  obtained,  fusible  Ijke  wax,  and  volatile  only 
at  a  high  temperature;  this  consists  also  of  carbon  and  hydrogen, 
and  in  the  same  proportions.     These  elements,  so  combined,  present, 
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therefore,  a  difference  in,  molecular  arrangement  still  greater  than 
those  which  have  heen  observed  among  merely  dimorphous  hodies, 
and  when  we  examine  their  chemical  relations,  the  diversity  hecomes 
Btill  more  marked.  The  gas  (olefiant  gas)  is  lemarkable  for  the  num- 
ber of  compounds  to  which  it  gives  rise,  and  has  been,  from  the  va- 
riety of  its 'reactions,  of  great  influence  on  the  existing  theories  of 
organic  chemistry.  The  solid  ia  inattackable  even  by  the  strongest 
agents,  and,  from  its  total  indifference  to  combination,  has  been  called 
paraihne  {parum  affinis.)  In  this  case,  the  difference  of  properties 
indicates  a  difference  of  structure  much  more  profound  than  that  by 
which  change  of  density,  colour,  or  even  crystalline  arrangement 
could  have  its  source  ;  it  is  not  merely  that  the  molecules  are  dif- 
ferently placed,  but  that  the  molecules  are  different!  the  carbon  and 
hydrogen  which  unite  to  constitute  the  chemical  equivalent  of  the 
body  are  themselves  differently  arranged,  and  thus  give  rise  to  dif- 
ference of  properties ;  and  the  physical  molecules  formed  by  their 
reunion  being  again  grouped  according  to  dissimilar  laws,  produce 
the  diversity  of  physical  properties  and  states  of  aggregation  j  the 
bodies  being  thus  in  every  property  unlike,  are  to  he  looked  upon 
as  independent  substances;  they  are  said  to  be  isomeric  (from  kto?- 
ftspog)  because  they  have  the  same  ultimate  composition,  but  in  all 
their  chemical  relations  they  may  differ  as  widely  as  bodies  which 
have  no  element  in  common. 

When,  therefore,  the  groups  of  chemical  molecules  are  differently 
arranged,  the  various  differences  in  colour,  density,  solubility,  and 
figure  which  belong  to  dimorphous  bodies  are  produced  ;  but  when 
the  difference  of  arrangement  extends  to  the  chemical  constituents 
of  these  molecular  groups,  independent,  but  isomeric  bodies  are 
produced. 

It  is  generally  found  that  this  difference  in  the*constit«tion  of  the 
chemical  molecule  has  the  effect  of  chauginw,  in  a  simple  manner, 
the  equivalent  number  of  the  body.  Thus  oil  of  turpentine  and  oil 
of  citron  are  isomeric,  each  having  the  composition  CJi^ ;  but  when 
we  combine  these  oils  with  muriatic  acid,  we  find  that  the  equiv- 
alent group  of  oil  of  turpentine  contains  CjoH,g,  while  that  of  oil  of 
citron  is  only  CioHj ;  it  is  remarkable  that,  though  the  chemical 
group  of  oil  of  citron  is  only  one  half  the  weight  of  that  of  oil  of 
turpentine,  it  exercises  the  same  power  of  circular  polarization,  but 
in  the  opposite  direction.  Another  example  of  this  simplicity  of 
proportion  in  weight  between  the  equivalents  of  isomeric  bodies,  is 
met  with  in  common  alcohol  and  methylic  ether,  that  of  the  former 
being  C,HA,  that  of  the  latter  being  C^HjO. 

The  difference  of  the  chemical  constitution  in  isomeric  bodies  is 
not  limited  to  magnitude,  as  determined  by  the  weight  of  their 
e^uivaleut,  but  extends  to  internal  structure.  Thus  alcohol  is  com- 
posed of  ether  and  water,  C,H=0.-i-H.O.,  while  methylic  ether  cannot 
be  resolved  into  those  substances.  Formiate  of  methylene  and  glacial 
acetic  acid  are  each  CJi,0„  not  differing  even  in  the  weight  of  their 
equivalent ;  but  all  the  properties  of  these  bodies  show  that  glacial 
acetic  acid  is  C^HA+H.O.,  while  formiate  of  methylene  is  CiH.Oj-!- 
CiHjO.  Instances  of  this  kind  might  be  multiplied  to  any  extent, 
^ut  these  will  be  sufficient  to  illustrate  the  principle. 
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It  is  necessary,  however,  in  study'ij,^  such  cases  of  isomerism,  (o 
bear  in  mind  what  has  heen  so  heaut.  J'uJly  shown  by  Graham,  that 
the  presence  of  foreign  hodies,  in  quantities  so  small  as  to  he  total- 
ly unappreciable,  except  in  the  most  rigidly  accurate  analysis,  may 
change  so  completely  the  properties  of  bodies  that  they  will  sim- 
ulate isomerism.  Thus  phosphuretted  hydrogen  may  exist  in  two 
conditions,  in  one  of  which  it  is  spontaneously  inflammable,  and  in 
the  other  not.  They  both  give,  on  analysis,  the  same  formula, 
P.Hj ;  but  the  first  may  be  changed  into  the  second  by  mere  admix- 
ture with  a  very  small  qnantity  of  the  vapour  of  ether,  and  the  sec- 
ond may  be  converted  into  the  first  by  the  most  miriute  bubble  of 
nitrous  acid  gaa.  Such  bodies,  therefore,  which  owe  their  diversity 
of  properties  to  accidental  circumstances,  are  not  isomeric,  and 
must  be  carefully  distinguished  from  those  before  described. 

As  we  have  thus  traced  a  erradual  transition  from  the  feeblest  in- 
dications of  dimorphism,  to  the  complete  difference  of  structure  and 
properties  constituting  isomerism,  it  becomes  an  interesting  ques- 
tion whether  we  may  not  have  occasion  to  retrace  our  steps,  and 
to  seek  in  those  bodies  which  we  have  hitherto  considered  as  only 
differing  in  physical  properties,  for  evidence  of  difference  in  chem- 
ical arrangement.  May  not  a  simple  substance,  as  sulphur  or  anti- 
mony, enter  into  combination  with  equivalents  of  different  weights, 
and  so  resemWe  oil  of  turpentine  and  oil  of  citron ;  and  may  not 
this  difference  in  equivalents  be  the  source  of  diversity  in  form! 
When  sulphur  crystallizes  in  the  form  of  bisulphate  ofj^otash,  may 
we  not  reasonably  suppose  that  its  molecules  are  grouped  into  u 
complex  figure,  like  that  of  the  compound  salt,  and  that  its  equiv. 
alent  is,  in  proportion,  greater  than  when  it  crystallizes  as  a  simple 
body  1  We  say  that  two  ordinary  equivalents  of  manganese  replace 
one  of  chlorine,  btlt  is  it  not  reily  that  when  manganese  replaces 
chlorine,  its  equivalent  is  double  what  it  is  when  it  replaces  hydro- 
gen or  copperl  Manganese  replacing  chlorine,  is  to  manganese  re- 
placing copper,  what  oil  of  turpentine  is  to  oil  of  citron  ;  and  hence 
it  may  be  isomeric  with  itself,  for  the  functions  it  performs  in  its 
two  modes  of  combination  are  the  most  widely  different  possible. 
The  bisulphuret  of  iron,  in  its  cubical  form,  is  Fe.Sj,  and,  like  Mn.Oj, 
is  decomposed  only  by  a  red  heat,  when  it  parts  with  one  third  of 
its  volatile  constituent;  but  in  its  rhombic  form,  may  not  its  equiv- 
Hlent  be  FejSj,  resembling  C1.0„  and,  like  it,  be  decomposed  by  the 
slightest  causes  t 

The  circumstance  that  isomeric  bodies  are  almost  nniversnlly  con- 
nected by  simple  relations  between  their  atomic  weights,  coupled 
with  the  idea  that  even  among  the  simple  bodies  a  kind  of  isomer- 
ism may  be  the  cause  of  their  dimorphous  conditions,  acquires  re- 
markable interest  from  the  fact  that  the  equivalent  numbers  of  many 
of  the  simple  bodies  are  closely  related  to  or.e  another,  as  is  shown 
in  the  following  table : 
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Ij-  eguivalent  of  bismuth 
3  "  palladLutn . 

S  equivalent  of  osmimn     . 
1  "  gold      .     . 

1  equivalent  of  platina  .     . 
I  "  iridium 

I  equivalent  of 


ilyhilenu: 
tungsten    . 


:  10665 

.  106-73 
.  199-72 


47-S 


.740 


33  31 
33  25 
33  40 
33  13 


May  it  not  be  possible  that  science  shall  hereafter  find,  the  metals 
so  connected  to  be  truly  isomeric  1  In  no  case  are  their  pxopertiea 
more  different;  and  we  find  in  the  racemic  and  tartaric  acids  an 
example  of  the  general  similarity  of  properties  in  the  compounds 
of  isomeric  bodies,  which  is  so  remarkable  In  the  combinations  of 
sulphur  and  tellurium,  or  of  cobalt  and  nickel,  among  the  simple 
substances. 

Considerable  probability  is  given  to  -the  idea  of  the  compound  na- 
ture of  bodies  at  present  considered  simple,  by  the  existence  of 
certain  compound  bodies  -which  simulate  the  properties  of,  and 
enter  into  combination  subject  to  the  same  Saws  as  the  undecom- 
pounded  substances.  Thus  carbon  and  hydrogen  unite  to  form  a 
gas,  cyanogen,  which  combines  with  the  metals,  with  oxygen,  with 
hydrogen,  &c.,  precisely  as  chlorine  does;  it  is  the  origin  or  root 
of  a  secies  of  cyanides,  as  chlorine  is  of  a  series  of  chlorides,  and 
it  is  hence  called  a  compound  radical.  The  discovery  of  this  prin- 
ciple by  Gay  Lussac  was  the  foundation  of  aU  that  is  exact  and 
philosophical  in  our  views  of  organic  chemistry.  Bodies  which 
contain  the  same  ultimate  elements  may  be  different,  because  they 
contain  different  radicals,  precisely  as  the  salts  of  nickel  Bind  the 
salts  of  cobalt  will  remain  quite  distinct,  even  should  nickel  and  co- 
balt be  hereafter  shown  to  be  isomeric  bodies.  This  principle  of 
compound  radicals  is  so  beautiful  and  so  easily  applied,  that  its  use 
has  been,  as  I  conceive,  somewhat  too  extensively  adopted ;  and 
hence,  wherever  simplicity  of  expression  was  sought  for,  or  a  dif- 
ference of  properties  was  to  be  explained,  the  formulte  of  organic 
bodies  were  perhaps  too  hastily  grouped,  by  the  assumption  of  a 
hypothetic  radical,  of  which  the  different  bodies  of  the  series  were 
supposed  to  be  combinations.     It  is  certain  that,  in  many  cases,  this 

Elan  has  been  of  great  use  to  science,  as  in  the  benzyle  theory  of 
iebig,  and  in  the  ether  and  ammonia  theories  proposed  by  Ber- 
aelius  and  myself;  but  I  consider  ihe  degree  to  which  it  has  latterly 
been  extended,  by  which  the  existence  of  a  great  variety  of  bodies 
has  been  assumed,  for  which  there  is  scarcely  any  reason,  except 
some  additional  simplicity  of  formulie,  -which  often  served  to, con- 
ceal the  truth,  to  have  been  productive  of  much  disadvantage  to 
true  science  and  a  misdirection  of  thought,  which  we  should  seek 
us  much  as  possible  to  avoid. 

In  all  that  has  been  described  of  the  arrangement  of  the  elements 
of  compound  bodies,  their  union  has  been  considered  as  resulting 
from  their  antagonistic  and  mutually  neutralizing  properties,  and 
the  suocassive  slages  of  composition  being  effected  in  binary 
groups!  thus  crystallized  alum  is  a  compound  of  water  and  dry 
alum:  this  last,  a  compound  of  sulphate  of  potash  and  sulphate  of 
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alumina;  these  respectivelj',  compounds  of  sulphuric  acid  and  a  base 
Tvhich  consists  of  oxygen  united  to  a  metal ;  the  sulphiiric  acid  it 
self  being  formed  by  the  union  of  oxygen  and  sulphur.  This  view 
results  necessarily  from  what  has  been  said  of  the  nature  of  chem- 
ical affinity,  and  espresses  faithfully  the  principle  upon  which  the 
electro- chemical  theory  has  been  formed  ;  there  is  no  doubt  but  that 
the  constitution  of  inorganic  bodies  is  regulated  in  this  way,  but  we 
meet  with  considerable  difficulty  in  applying  its  principles  to  or- 
ganic chemistry.  Thus  I  myself  suggested  a  few  years  ago,  that 
the  formic  and  acetic  acids  should  be  looked  upon  as  oxides  of  com- 
pound radicals,  formyle  and  acetyls,  CjH.03=Fo.03  and  C^HjOa^ 
Ac.Oj,  by  wliieh  means  a  variety  of  bodies  of  analogous  constitution 
were  simply  connected  together,  as  the  formyle  or  acetyle,  which 
■  combine  with  oxygen  to  form  those  vegetable  acids,  combine  with 
iodine,  chlorine,  sulphur,  aud  cyanogen  to  form  binary  compounds, 
precisely  as  mangaaese  (a  simple  radical)  combines  with  oxygen  to 
form  manganic  acid,  and  with  chlorine,  &c.,  to  form  an  analogous 
series  of  bodies.  I  am  far  from  abandoning  this  view :  the  question 
of  its  full  applicability  will  he  discussed  among  the  general  laws  of 
organic  chemistry,  but  at  present  we  will  attend  to  only  one  circum- 
stance connected  with  it.  Hydrated  acetic  acid  is  formed  from  al- 
cohol, by  the  latter  losing  two  equivalents  of  hydrogen,  and  gaining 
two  of  oxygen  in  their  place ;  and  in  like  manner,  hydrated  formic 
acid  is  produced  from  pyroKylic  spirit,  by  losing  Hj  and  gaining  Oj, 
thus: 

Aleoliol CiHsOi        I        Pyroxylie  spirit      .    .     CiH.Oa 

,  gives  by      .    .     — Ha+Og  gives  by      .    .     — Hj-fOa 

Hjllrated  acetic  acid  .    CHjOj.        I        Hjdratecl  acetic  acid  .     CsHjO,. 

Now,  if  acetic  acid  contains  acetyle,  does  it  exist  in  alcohol ;  or 
must  we  consider  that,  by  the  gradual  process  of  oxidation,  the 
molecular  structure  of  the  alcohol  is  totally  broken  up,  and  that  the 
acetic  acid  formed  has  no  natural  or  necessary  connexion  with  it  t 

We  owe  to  Dumas  the  introduction  of  a  principle  into  organic 
chemistry,  which,  applied  to  changes  such  as  those  described  above, 
promises  to  shed  considerable  light  upon  the  reactions  and  consl4 
tmion  of  organic  bodies ;  hut  it  yet  involves  conditions  so  opposed 
to  our  present  ideas  of  chemical  affinity,  that  we  can  only  look  on 
it  as  a  proposition  which  merits  profound  attention.  He  considers 
that  the  elements  of  organic  bodies  are  not  united  by  affinity  arising 
from  opposition  of  properties,  but  that  they  represent  a  group  of 
molecules  connected  by  a  single  force,  precisely  as  the  planetary 
masses  are  by  gravitation,  and  just  as  any  of  the  planets  might  be 
replaced  in  the  solar  system  by  a  ball  of  matter  of  totally  different 
chemical  properties,  provided  its  gravitating  mass  remained  tho 
same,  without  disturbing  in  the  least  the  conditions  of  mechanical 
equilibrium;  so,  in  an  organic  substance,  elements  of  the  most  di- 
verse characters  may  he  substituted  for  each  other,  and  yet  the 
molecular  group  remain  unaltered  in  structure  and  physical  consti- 
tution. Thus  the  molecular  group  of  alcohol  (C4HsOs)  contains 
twelve  chemical  atoms.  When  it  is  changed  into  acetic  acid  (CjHiO,), 
the  nurabei  of  chemical  atoms  is  the  same ;  the  mechanical  type  of 
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the  body  is  unaltered,  although  its  chemical  properties  are  complete- 
ly changed  and  a  new  substance  formed.  Bodies,  therefore,  are 
classified  by  Dumas  according  to  certain  types  or  models.  When 
the  number  of  molecules  in  the  equivalents  of  the  bodes  remains 
the  same  while  the  nature  of  the  elements  changes,  the  bodies  haTt 
the  same  mechanical  type  ;  but  if  the  substitution  of  elements  ia  ac- 
companied by  a  change  of  properties,  the  chemical  type  of  the  ori- 
ginal body  is  destroyed.  Thus  alcohol  and  acetic  acid  have  not  the 
same  chemical  type. 

When  acetic  acid  is  treated  with  chlorine,  it  loses  three  equiva- 
lents of  hydrogen  and  gains  three  of  chlorine  (C,H A— H3+ Ci,= 
C^CljH.O;),  forming  cWoroacetic  acid.  The  sura  of  the  molecules 
is  here  twelve,  and  this  substance  has  the  same  mechanical  type  as 
alcohol  and  common  acetic  acid  ;  but  in  changing  to  this  body,  com- 
mon acetic  acid  scarcely  changes  its  properties,  and  hence  is  said 
to  retain  its  chemical  type.  When  ether  (C^H^O.)  is  treated  with 
chlorine,  its  hydrogen  is  totally  replaced  by  chlorine,  and  the  body 
(C,eijO.),  chlorine  ether,  is  produced ;  the  number  of  molecules  being 
the  same,  the  mechanical  type  is  preserved  ;  but  move,  the  chlorine 
ether  combines  with  acids  forming  salts  like  those  of  common  ether, 
which  it  resembles  in  all  essential  chemical  characters,  and  hence, 
in  this  case,  the  chemical  type  is  undisturbed,  notwithstanding  the 
total  substitution  of  chlorine  for  hydrogen,  a  body  difFeriiig  from  it 
so  much  in  general  characters. 

The  question  how  far  this  theory  of  types  should  be  adopted,  and 
how  far  the  law  of  substitution  on  which  it  rests  is  verified  by  ex- 
periment, will  be  hereafter  examined.  The  theory  is  here  only  no- 
ticed as  involving  important  relations  between  the  mechanical  struc- 
ture and  the  chemical  constitution  of  organic  bodies. 

SECTION  IV. 


The  decomposition  of  compound  bodies  is  frequently  efTected  by 
the  intervention  of  causes  which  cannot  be  referred  to  ordinary  af- 
finity j  and  in  many  cases,  bodies  which  have  but  little  tendency  to 
unite,  enter  into  combination  when  brought  into  contact  with  a  sub- 
stance for  which  neither  has  affinity,  and  which  remains,  after  the 
action  is  completed, perfectly  unaltered.  Thus,  when  hydrogen  and 
oxygen,  mixed  together  in  a  gaseous  form,  are  brought  into  contact 
with  a  clean  slip  of  platinum,  they  gradwaily  unite,  and  so  much 
heat  may  be  evolved  by  their  rapid  combination  as  to  ignite  the 
platinum,  and  explode  the  remainder  of  the  gas.  In  this  case  we 
seek  to  explain  the  phenomenon  by  supposing  that  the  platinum 
condenses  powerfully  on  its  surface  a  layer  of  mixed  gaseous  par- 
ticles, and  thus  brings  them  within  the  sphere  of  their  mutual  attrac- 
tion. But  this  explanation  does  not  apply  to  other  cases.  If  we 
boil  starch  (CuHi^Oii,)  ivith  diluted  sulphuric  acid,  it  is  converted  suc- 
cessively into  dextrine,  gum,  starch-sugar,  and,  finally,  cry st all iz able 
grape-sugar  (CuHiiO.B},  having  associated  to  itself  the  constituents 
of  two  equivalents  of  water.  At  the  termination  of  the  process,  the 
sulphuric  acid  is  found  unaltered  in  properties  and  in  quantity,  so 
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tliat  the  smallest  portion  of  sulphuvic  acid  is  suiTicient  to  conyert 
into  sugar  an  indefinitely  great  quantity  of  starch.  If  oxamide 
(CjOiN-H,)  be  diffused  through  water,  in  contact  with  the  smallest 
possible  quantity  of  oxalic  aeid,  it  gradually  disappears,  and,  appro- 
priating to  itself  the  elements  of  an  equivalent  of  water,  is  converted 
into  neutral  oxalate  of  ammonia,  (CjOa+N-Ha),  the  smaJi  quantity  of 
oxalic  acid  originally  added  remaining  unaltered  and  in  excess. 

Among  instances  of  decomposition  by  forces  of  this  kind,  the  ox 
vgenated  water  (H.Oi)  may  be  taken  as  an  exampJe.  This  substance, 
when  pure,  separates  spontaneously,  after  some  time,  into  water  and 
oxygen  gas,  but  its  decomposition  may  be  rendered  violent  and  in- 
tantaneouB  by  putting  it  into  contact  with  finely-divided  metallic 
nlatinum,  or  metallic  silver,  or  black  oxide  of  manganese,  or  fibrine, 
or  a  variety  of  other  bodies.  In  all  these  cases,  the  body  added  re- 
mains quite  unaltered  ;  no  affinity  can  be  traced  between  it  and  the 
oxygenated  water,  the  mere  presence  of  the  foreign  body  appearing 
to  cause  the  decomposition. 

Berzelius,  who  first  directed  genera!  attention  to  these  phenomena, 
proposed  to  attribute  them  to  a  peculiar  force,  differing  from  ordi- 
nary affinity.  When  one  body  is  decomposed  by  another,  in  virtue 
of  a  supeiior  aifinitary  power,  the  decomposing  body  combines  with 
one  element  of  the  body  which  is  decomposed,  and  the  other  is  then 
expelled.  It  is  in  this  way  that  we  obtain  the  constituents  of  bodies 
by  ordinary  analysis ;  and  for  distinction,  he  proposes  to  term  sucii 
decompositions  as  those  just  described,  operations  of  catalysis,  and 
to  name  the  power  which  these  bodies  have  of  acting  by  mere  con- 
tact, a  catalytic  force. 

It  is  evident,  certainly,  that  by  giving  a  name  to  this  class  of  phe- 
nomena, we  ace  enabled  usefully  to  contemplate  them  as  a  group, 
and  to  examine  more  easily  their  relations  to  each  other  and  to 
ordinary  action  i  yet  the  word  catalysis  really  teaches  us  nothing  of 
the  phenomena,  and  it  is,  indeed,  improbable  that  such  varied  cases 
of  union  and  separation  should  be  derivable  from  one  single  force.  It 
is  hence  necessary,  before  concluding  on  the  nature  of  this  action, 
to  trace  it  through  a  greater  variety  of  cases,  and  to  revert  briefly 
to  the  conditions  of  nfiinity  by  which  the  elements  of  compound 
bodies  are  held  together. 

The  elements  of  a  compound  substance  are  retained  together  in 
a  certain  molecular  arrangement,  because  the  afiinities  are  then  sat- 
isfied ;  but  it  is  natural  to  suppose  that,  while  the  elements  remain 
the  same,  their  affinities  for  each  other  might  be  just  as  completely 
satisfied  by  a  different  molecular  arrangement.  The  original  body 
might  therefore  be  changed  into  another,  by  a  change  in  the  action 
of  its  own  particles,  independent  of  any  substance  acting  chemically 
on  it  from  without ;  and  hence  the  principle  of  catalytic  decompo- 
sition resolves  itself  into  a  means  of  disturbing  the  molecuiar  equi- 
librium of  a  compound  body,  so  that  it  can  be  only  restored  when 
the  particles  are  differently  arranged.  Catalysis  may,  therefore,  be 
produced  not  merely  by  the  presence  of  vaiioue  bodies,  hut  still 
more  remarkably  by  the  action  of  physical  agents,  among  which 
heat  is  the  most  powerful ;  thus,  when  acetate  of  lime  (C,H,OjCa.J 
is  strongly  heated,  the  equilibrium  of  its  rnolecular  group  is  ovet 
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turned,  and  when  the  affinities  ag^ain  satisfy  themselves,  two  new 
bodies  result,  acetone  and  carbonate  of  lime  (CaHjO.  and  C.O.Ca.). 
Destructive  distillation  is  therefore  a  catalytic  process,  and  the  or- 
igin of  all  pyrogenic  products  is  to  be  traced  to  the  new  conditions 
under  which  the  affinities  are  satisfied,  which  had  originally  united 
the  eiements  of  the  body  exposed  to  heat.  The  sudden  decomposi- 
tion of  explosive  bodies  by  an  elevation  of  temperature  or  by  a 
slight  blow,  is  traceable  to  the  same  disturbance  of  the  old  equilib- 
rium, and  establishment  of  the  new.  A  most  important  means  of 
thus  setting  into  motion  the  particles  of  bodies,  and  enabling  them 
to  rearrange  themselves  under  new  forms,  consists  in  bringing  them 
into  contact  with  a  substance  already  in  a  state  of  decomposition; 
thus,  if  oxygenated  water  be  brought  into  contact  with  oxide  of  sil- 
ver, the  decomposition  is  propagated  to  the  latter,  which  is  com- 
pletely resolved  into  oxygen  and  metallic  silver  ;  if  peroxide  of  lead 
be  used,  it  is  converted  into  protoxide  by  the  escape  of  half  its  ox- 
ygen, and  even  the  black  oxide  of  manganese  may  be  reduced  to 
the  state  of  protoxide  if  the  solution  contain  an  acid ;  in  all  these 
cases,  the  decomposition,  which  commenced  with  the  oxygenated 
water,  extends  to  the  metallic  oxide,  ia  virtue  of  the  motion  com- 
municated to  their  particles,  enabling  the  new  arrangement  to  be 
.  effected.  In  some  instances,  in  organic  chemistry,  this  principle  is 
still  more  beautifully  shown.  If  a  solution  of  sugar  (C,2H„0||)  be 
brought  into  contact  with  a  little  decomposing  gluten  or  yeast,  it 
unites  with  the  elements  of  an  equivalent  of  water,  and  divides  it- 
self into  two  equivalents  of  alcohol,  2  (CjH,;©,),  and  four  of  carbonic 
acid,  4  (C.Oi).  If  a  solution  of  urea  (C.O.N.H^)  be  put  in  contact 
with  yeast,  it  unites  also  with  an  atom  of  water,  and  is  then  decom- 
posed into  an  equivalent  of  ammonia  (N.Hj)  and  one  of  carbonic 
acid.  The  conversion  of  starch  into  sugar  in  the  processes  of  ger- 
mination and  of  malting,  is  effected  by  a  substance  which  accompa- 
nies the  starch  in  the  grain.  This  substance  is  called  diastase,  and 
is  analogous  in  most  of  its  properties  to  vegetable  gluten.  The 
slow  decomposition  of  the  diastase  communicates  to  the  molecules 
of  many  thousand  times  its  weight  of  starch  the  degree  of  motion 
necessary  for  their  rearrangement,  and  the  appropriation  of  the 
elements  of  water  requisite  for  the  formation  of  starch-sugar. 

If  platinum,  which  is,  by  itself,  totally  unacted  on  by  nitric  acid, 
be  alloyed  with  silver,  the  alloy  dissolves  in  dilute  nitric  acid  with- 
out leaving  any  residue.  Pure  copper  is  not  acted  upon  by  dilute 
sulphuric  acid ;  but  when  it  is  alloyed  with  nickel  and  zinc,  as  in 
the  argentine  or  German  silver  of  commerce  it  dissolves  complete- 
y  In  these  cases  the  molecular  iction  which  produces  the  com 
bination  with  the  acid  was  not  possessed  by  the  platma  or  copper 
when  alone  but  is  actjuired  by  thrill  being  transmitted  from  the 
other  metals  with  which  they  are  alloj  ed 

It  may  not  be  easy  to  reduce  to  the  action  of  this  prmciple  all 
phenomena  of  cataly=iis,  for  m  the  imperfect  hght  bj  which  we 
contemplate  jhem,  it  is  possible  that  we  may  rank  together  circum 
elances  whose  real  nature  is  very  different ;  but,  at  all  events,  we 
must  recognise  in  this  principle,  the  definite  introduction  of  which 
into  Ecience  is  due  to  Liebig,  a  cause  of  chemical  decomposition 
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peculiarly  important  in.  explaining  the  complex  reactions  of  organic 
bodies.  It  is  remarkable,  also,  that  this  law,  of  which  the  simplest 
expression  is,  that  where  two  chemical  substances  are  in  contact, 
any  motion  occurring  among  the  particles  of  the  one  may  be  com- 
municated to  the  particles  of  the  other,  is  of  a  more  purely  mechan- 
ical nature  than  any  other  principle  as  yet  received  in  chemistry ; 
and  when  more  definitely  established  by  succeeding  research,  it 
may  he  the  basis  of  a  dynamical  theory  in  chemistry,  as  the  Jaw  of 
equivalents  and  of  muhiple  combination  expresses  the  statical  con- 
dition of  bodies  which  unite  by  chemical  force. 

We  must,  at  least,  look  upon  these  actions  of  catalysis,  the  con 
ditions  of  molecular  arrangement  which  give  rise  to  isomerism  and 
dimorphism,  and  the  introdaction  of  the  principle  of  types  in  oppo 
sition  to  that  of  mere  binary  combination,  as  tending  towards  a 
change  in  our  ideas  of  the  nature  of  chemical  affinity,  which  may, 
before  long,  remodel  the  whole  constitution  of  the  science, 


CHAPTEE  XI. 
o:j  the  classification  of  tub  elementary  bodies. 

The  principal  classifications  of  the  simple  bodies  that  have  been 
proposed  are  those  of  Beraelius,  founded  on  their  electro-chemical 
:^!ations,  and  of  Thompson,  who  divided  them  into  supporters  and 
I  on- supporters  of  combustion.  It  has,  however,  been  fully  shown, 
thai  in  combustion  each  body  is  mutually  a  supporter  and  a  com- 
bustible: oxygen  bums  in  hydrogen  or  in  the  vapour  of  sulphur,  just 
as  much  as  hydrogen  or  sulphur  burn  in  oxygen  j  Thompson's  prin- 
ciple is  therefore  radically  defective ;  and  the  electro-chemical  the- 
ory, although  far  superior  as  a  principle,  is  liable  to  weighty  objec- 
tions of  a  somewhat  similar  kind.  These  have  been  already,  how- 
ever, so  far  noticed,  and  the  arrangement  of  the  simple  bodies  in  that 
series  so  fully  given,  p.  188,  that  it  is  unnecessary  to  recur  farther 
to  the  subject. 

The  kind  of  classification  that  is  suited  to  the  present  wants  of 
chemistry  must  be  founded  upon  the  general  analogy  of  properties 
between  substances  belonging  to  the  same  class,  and  on  their  jso- 
morphons  replacement  of  one  another.  This  last  character  is  not 
absolute ;  for,  from  the  dimorphism  of  many  of  the  simple  bodies, 
it  is  often  difficult  to  assign  their  true  crystalline  relations  to  each 
other,  and  in  many  cases  we  do  not  possess  any  positive  information 
of  their  forma. 

Graham  has  recently  proposed  a  classification  which  expresses, 
more  completely  than  any  other,  the  natural  relations  of  the  simple 
bodies.  The  first  class  consists  of  oxygen,  sulphur,  selenium,  and 
tellurinm.  The  parallelism  in  properties  of  the  last  three  is  com- 
plete, and  their  compounds  are  strictly  isomorphoos ;. their  similar- 
ity to  oxygen  is  not  so  perfect,  but  they  resemble  it  in  their  method 
of  combination  and  in  the  characters  of  the  substances  which  they 
form  in  uniting  with  hydrogen  and  the  metals. 
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The  second  class  comprises  magnesium,  calcium,  manganese,  iron, 
cobalt,  nickel,  zinc,  cadmium,  copper,  hydrogen,  hismiith,  chromi- 
um, aluminum,  glucinam,  vanadium,  zirconium,  yttrium,  thoriaro. 
The  similar  salts  of  ihe  protoxides  of  this  class  are  isomorphoiis  j 
and,  as  has  been  already  shown  under  the  head  of  Isomorphism,  two 
equivalents  of  a  protoxide  of  this  class  replace  one  equivalent  of  an 
alkali.  Chromium,  aluminum,  glucinum,  vanadium,  and  zirconium 
do  not  form  protoxides," but  sesquioxides,  the  salts  of  which  are  iso- 
morphouswith  those  ofthesesqnioxides  of  iron  and  manganese.  A 
remarkable  connexion  is  established  between  this  class  and  the  prece- 
ding by  the  ismorphism  of  the  manganic  acid  (Mn.Oj)  and  chromic 
acid  (Cr.Oj)  with  sulphuric  acid  (S.Os),  indicating  that  under  cer 
tain  circumstances  these  metals  may  change  from  one  natural  fam- 
ily to  another. 

The  third  class  contains  barium,  strontium,  and  lead.  Their  salta 
are  strictly  isomorphous,  and  they  are  connected  together  by  great 
similarity  of  chemical  properties.  Thus  the  sulphates  of  the  metaSs 
of  the  second  class  are  soluble  in  water,  while  the  sulphates  of  this 
class  are  almost  insoluble.  Calcium  approximates  to  this  condition 
by  the  sparing  solubility  of  sulpliate  of  lime  ;  and  the  connexion  be- 
tween the  two  families  is  still  more  fully  shown  by  the  dimorphism 
of  carbonate  of  lime,  it  having  in  one  form  the  figure  of  the  carbon- 
ates of  magnesia  and  of  iron,  and  in  the  other  that  of  the  carbonates 
of  barytes  and  of  lead. 

The  fourth  class  consists  of  potassium,  sodium,  and  silver.  The 
similarity  of  chemical  properties  of  potassium  and  sodium  is  suffi- 
ciently evident;  and  although  their  compounds  are  not  frequently 
isomorphous,  yet  there  is  good  reason  for  attributing  that  to  (he  di- 
morphism of  each.  Silver  differs  remarkably  in  its  chemical  rela- 
tions from  potassium  and  sodium,  and  the  only  grounds  for  inserting 
it  in  this  class  is  the  isomorphism  of  sulphate  of  silver  with  anhy- 
drous sulphate  of  soda. 

The  salts  of  potash  are  perfectly  isomorphous  with  the  salts  of 
ammonia  which  contain  an  atom  of  wafer;  and  hence,  if  the  base 
of  the  ammoniacal  salts  (N.Ha+H.O.)  be  written  N.H^ .  0.,  it  may 
be  considered  as  an  oxide  of  a  compound  radical  which  is  isomorph- 
ous with  potassium,  and  would  rank,  did  we  not  know  its  compo- 
sition, in  the  present  group.  This  view  of  the  composition  of  the 
ammoniacal  salts  was  suggested  by  Berzelius,  who  gave  to  that  com- 
pound radical  the  name  ammonium  ;  but  I  have  since  shown  that 
the  replacement  is  really  by  two  equivalents  of  a  hydrogen  com- 
pound, as  already  noticed  in  speaking  of  the  second  class. 

Fifth  class,  chlorine,  iodine,  bromine,  and  fluorine.  This  group 
is  best  characterized  by  similarity  of  chemical  properties ;  and,  so 
far  as  observation  extends,  their  isomorphism  appears  to  be  com- 
plete. It  is  connected  with  the  first  and  second  classes  by  means 
of  manganese,  of  which  two  equivalents  replace,  in  truly  isomorph- 
ous compounds,  one  of  chlorine. 

Sixth  class,  nitrogen,  phosphorus,  arsenic,  and  antimony.  In  their 
chemical  history  these  compounds  exhibit  considerable,  thcngh  not 
complete  shnilarity.  The  corresponding  compounds  of  arsenic,  an- 
timony, and  phosphorus  are  generally  isomorphous,  but  in  no  case 
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has  isomorphism  been  observed  between  their  compounds  and  those 
of  nitrogen.  A  certain  analog^y  appears  to  exist  between  nitrogen 
and  the  substances  of  the  fifth  class,  as  the  nitric  acid  corresponds 
remarkably  in  properties  to  the  chloric  and  iodic  acids,  with  which, 
however,  it  is  not  isomorphous.  Nitrogen  appears  also  to  replace  , 
oxygen  in  many  cases  in  the  proportion  of  one  third  of  its  etjaiva- 
lent  weight. 

Seventh  class,  tin  and  titanium,  connected"  by  the  isomorphism  of 
titanic  acid  and  peroxide  of  tin. 

Eighth  class,  silver  and  gold,  from  their  isomorphism  in  the  me- 
tallic state. 

Ninth  class,  platinum,  palladium,  iridium,  and  osmium,  from  the 
isomorphism  of  their  double  chlorides,  by  which  also  Graham  con- 
siaers  this  class  to  be  connected  with  the  seventh. 

Tenth  class,  tungsten  and  molybdenum  ;  the  tungstates  and  mo- 
lybdates  being  isomorphous.  These  metals  will  probably  be  found 
to  be  of  the  same  family  with  chrome,  as  chromate  of  lead  has  been 
found  crystallized  in  the  same  form  as  the  molybdate. 

Eleventh  class,  carbon,  boron,  and  silicon:  of  these  substances 
no  isomorphous  relations  are  known;  they  are  brought  together  by 
a  genera],  though  imperfect  analogy  of  properties. 

ti-raham  makes  no  attempt  at  classifying  mercury,  cerium,  colum* 
bium,  lithium,  rhodium,  or  uranium. 

I  agree  completely  with  the  general  principles  of  this  classifica- 
tion, but,  in  a  few  cases,  researches  made  since  it  was  drawn  up  by 
Graham  render  some  alterations  necessary  ;  thus  the  similarity  of 
constitution  between  the  compounds  of  bismuth  and  copper,  which 
had  induced  him  to  insert  bismuth  in  the  second  class,  has  no  real 
existence,  and  I  would  transfer  it  to  the  same  class  with  antimony; 
their  salphurets  being  isomorphous,  and  their  chemical  properties 
bring,  generally  speaking,  very  similar.  Indeed,  it  is  almost  certain 
that  the  oxide  of  bismuth  is  not  a  protoxide,  but  a  sesquioxide,  and 
hence  corresponds  to  the  oxide  of  antimony. 

I  do  not  consider  the  isomorphism  of  sulphate  of  soda  and  sul- 
phate of  silver  aa  being  a  sufficient  ground  for  ranking  the  latter 
metal  in  the  fourth  class.  We  have  already  seen  numerous  examples 
of  isomorphism  among  substances  of  totally  different  chemical  con- 
stitution, and  the  properties  of  the  compounds  of  silver  resemble  so 
completely  those  of  lead,  as  to  demonstrate  positively  that  it  he- 
longs  to  the  same  natural  growp.  When  copper  enters  into  combi- 
nation in  a  double  equivalent  Cuj,  it  becomes  likewise  a  member  oi 
the  lead  and  barytes  group,  as  is  shown  by  the  sparing  solubility  of 
its  sulphate  and  chloride  ;  and  its  being  isomorphous  with  silver  fur- 
nishes additional  evidence  of  its  true  position. 

Silver  and  gold  being  isomorphous  only  in  the  regular  system, 
and  their  compounds  being  totally  dissimilar  in  constitution,  I  do 
not  retain  the  eighth  class  of  Graham. 

I  have  satisfied  myself  of  the  perfect  analogy  of  palladium  with 
copper ;  it  therefore  must  be  separated  from  platinum,  and  removed 
to  the  second  class.  When  mercury  enters  into  combination  with 
the  equivalent  101,4  (Eg.),  it  coincides  in  the  nature  of  its  com- 
pounds with  palladium  and  copper,  and  attaches  itself  to  the  seconi 
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class  ;  but  when  its  equivalent  is  202,8  (Hgj),  its  compounds  resem- 
ble those  of  lead  and  silver,  and,  like  copper,  it  then  becomes  a  mem- 
ber of  the  third  class. 

A  clasaifiootion  such  as  tliis,  although  necessary  for  the  philosoph- 
ical study  of  the  relations  of  the  simple  bodies,  could  not,  without 
considerable  inconvenience,  be  strictly  adhered  to  in  an  elementary 
work  like  this  ;  I  shall,  therefoi-e,  having  thus  laid  down  these  gen- 
era] principles,  place  it  for  a  lime  aside,  and  commence  the  study 
of  the  non-metallic  bodies,  and  their  compounds  with  each  other, 
without  reference  to  any  arrangement,  except  that  of  treating  first 
those  subjects  that  may  be  useful  towards  understanding  or  illustra- 
tinn  those  that  follow. 


CHAPTER  XII. 

Oy   THE   SIMPLE   KON-METALLIC  BODIES,   AND  THE 


Of  Oxijgm. 
From  the  great  quantity  in  which  it  exists  in  nature,  the  numer- 
ous processes  into  which  it  enters  as  an  agent,  and  the  influence 
which  its  discovery  exercised  upon  the  progress  of  chemical  theory, 
oxygen  may  be  looked  upon  as  the  most  important  of  the  simple 
bodies.  It  constitutes  more  than  a  fifth  of  the  atmosphere  by  which 
our  planet  is  invested,  eight  ninths  of  the  whole  quantity  of  water 
which  exists  upon  its  surface,  and,  besides  existing  in  great  quanti- 
ty in  moat  animal  and  vegetable  bodies,  it  forms  at  least  a  third  of 
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of  the  globe.     On  it  the  p 

re  dependant,  and  the 
J    h     s  forms,  are  essentially 


s  ;  it  is  colourless  and 
100  cubic  inches  of  it 
8616,  that  of  ait  being 


by  Google 


S42    GASOMETERS. PREPARATION     OP     OXYGEN. 

sel,  g,  containing  water,  for  such  gases  as  are  not  absorbed  by  it,  in  which  ts 

inverted  a  glass  vessel  full  of  water,  wliich  is  sustained  in  it  bj  tlie  pressure  of  the 

external  air,  aa  is  the  mercury  in  the  tube  of  the  baroiueler.    The  orifice  of  the 

...Ka  „  frnnn  „,>.;^h  .!.,>  ™==  looMoo^  being  brought  under  the  edge  of  the  jar,  which 

d  if,  the  water  descends  according  as  the  hubbies 

n  w  n  the  water  has  been  all  replaced  bj  the  gas,  tUo 

ntaining  as  much  water  as  serves  to  prevent  all 

_  vith  the  external  dr. 

someter,  or  gas-holder,  consists  of  a  cjIinJri;al 
ssel,  on  which  another  is  secured  by  five  props  <i£ 
'  which  two  are  hollow  tubes,  in  connexion  with 
er  below.  The  tube  m  passes  down  nearly  to  the 
'  the  cylinder,  but  tlie  other,  n,  only  extends  to 
surface;  both  are  provided  with  stopcocks,  so 
communication  between  the  cylinder  and  the 
se!  may  be  opened  or  cut  off  at  pleasure.  At  / 
Iso  a  small  tube  with  a  stopcock,  and  below  there 
is  a  large  orifice  at  i,  which  can  he  tightly  closed  by  means 
of  a  screw-plug. 

To  fill  the  cylinder  with  water,  the  orifice  i  is  to  be 
slosed,  and  all  the  Btopcooks,  m,  n,  I,  left  open.  Water 
being  then  poured  into  the  upper  vessel,  it  fiows  in  through 

the  tubes  m  and  n,  while  the  air  issues  a'  '     "" '" 

begins  to  flow  out  at  /,  that  stopcock  is 
then  the  air  which  still  remains  escapes  I 
bling  through  the  water  in  the  upper  vi 
also  ceases,  the  stopcocks  m  and  n  are 
llif  oiifi.'.i'  i  !i'ing  ili'ii  opened,  the  cylinder  remains  full  of  wat 
|i]esi.i!ii.'.  Tii!>  m:'\-  I'rom  which  the  gas  issues  is  inserted  at  :, 
watLT  e^co[.<^o  by  il.a-  aperture  equal  in  volume  to  the  gas  which 

A  great  variety  of  processes  may  be  put  in  practice  for  the  pur- 
pose of  obtaining  oxygen  gas ;  one,  which  is  very  simple  in  theory, 
and  of  great  interest  in  history,  from  being  that  by  which  the  impor- 
tant agencies  of  oxygen  in  chemistry  were  first  recognised,  al- 
though it  .ia  not  at  present  practicably  useful,  is  the  following  : 

Some  red  oxide  of  mercun'  (Hg.O.)  is  to  be  introduced  into  a 
retort,  a,  of  hard  glass,  to  which  is  then  attached  a  receiver,  6,  with 


I.  When » 
to  be  closed,  and 
y  the  tube  «,  bub- 
issel.  When  this 
to  be  closed,  and 
jr  by  the  external 
and  a  quantity  of 


ajtube,c,  passing  to  the  pneumatic  trough.  On  applying  the  heat  of 
the  argand  spirit-lamp  to  the  oxide  of  mercury,  it  is  decomposed ; 
the  oxygen  is  given  oiF  in  the  state  of  gas,  and  may  be  collected  in 
the  bell  glass  e,  and  the  mercury  distils  over,  and,  condensing  in 
the  neck  of  the  retort,  collects  in  drops  which  flow  into  the  receiv- 
er. The  substance  used  is  thus  resolved  into  mercury  and  oxygen ; 
from  109-4  grains,  there  would  have  been  obtained  101-4  grains  of 
metallic  mercury,  and  8  grains  of  oxygen  gas,  occupying  at  the 
Btanda-td  temperature  and  pressure  23-4  cubic  inches.     It  was  by  an 
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experiment  of  this  kind  that  Lavoisier  demonstrated  the  tr«e  con- 
stitution of  the  metallic  oxides. 

Although  there  are  few  metallic  oxides  which,  as  that  of  mercury, 
admit  of  being  resolved  hy  heat  completely  into  free  metal  and  ox- 
ygen, yet  many,  when  heated,  give  off  a  portion  of  their  oxygen, 
the  metal  remaining  in  n  lower  degree  of  oxidation.  Of  this  kind 
are  the  peroxides  of  lead  and  of  manganese ;  and  it  is  generally  from 
the  latter  that  oxygen  is  obtained  for  experimental  purposes,  when 
it  is  not  required  to  be  ahsolutcly  pure.  The  peroxide  of  manga- 
nese (Mn  Oj)  abaadon",  ^\hen  at  a  ted  heat,  one  third  of  its  oxygen, 
and  a  complex  ofide,  MdjO^,  remams,  analogous  to  the  black  mag- 
netic Li\ide  of  lion,  and  foimed  by  the  union  of  equivalents  of  pro 


toxide  and  of  "Jesquioxide  (Mn.O. +  Mnj03).  For  this  purpose  tne 
n  nsra  ese  s  ntroduced  in  an  iron  bottle,  a,  to  the  neck  of  which 
■i  at  acl  ed  a  p  ece  of  gun-barrel,  b,  and  this  connected  by  a  cork,  c, 
V  tl  a  a  alle  tube,  d.  For  sake  of  freedom  of  motion,  the  tube/, 
1  cl  passes  to  tile  pneumatic  trough  or  the  gasometer,  is  attached 
to  (i  by  a  caou  chouc  connector,  e.  The  bottle  having  been  filled 
abo  t  t  o  1  Is  with  oxide  of  manganese,  may  be  placed  either  in 
a  (.omtnon  file  or  in  a  furnace,  its  parts  being  all  arranged  as  in  the 
figure.     When  first  heated  some  water  j  i    e';  ofi    md  frequently. 


from  tile  occurrence  of  cavbonatc  of  lime  and  of  ammonia  in  the 
substance,  the  first  portions  of  gas  are  mixed  with  carbonic  acid  or 
with  nitrogen  ;  these  should  be  allowed  to  pass  awaj ,  and  the  oxy- 
gen collected  only  when  a  small  tube  full  of  it  is  capable  of  relight- 
ing a  taper  four  or  five  times.  The  pure  dry  oxide  of  manganese 
consists  of  27-7  of  manganese,  united  to  sixteen  of  oxygen,  of  which 
5-3  are  given  off,  and  hence  1  lb.  troy  of  it  is  capable  of  furnishing 
about  700  grains,  or  nearly  2000  cubic  inches,  equal  to  seven  impc 
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rial  gallons  of  gas.  The  oxide  of  manganese  found  in  commerce  is, 
however,  not  pure  ;  in  general  it  does  not  contain  more  than  65  per 
cent,  of  pure  oxide,  and  hence  the  qnantity  of  oxygen  furnished  by 
a.  pound  of  it  is  about  two  thirds  only  of  that  just  stated. 

Peroxide  of  manganese  yields  more  of  its  oxygen  when  treated 
with  oil  of  vitriol  than  when  simply  ignited,  one  half  becoming 
free,  while  the  mann-anese,  with  the  remainder,  forms  protoxide, 
which  combines  with  (he  sulphuric  aeid  thus :  H.O. .  S.O^+Mn.O.^ 
H.a.S.O^.Mn.O.  +  O. 

s  operation  is  conducted  by  placing  the  manganese  in  a  flask, 
■    '    ■      I  little 


jpported  j 
of  sand. 


vith 


itriol;  atube,c,bcnt,  as 
n  the  figure,  passes  to 
he    pneumatic    trough, 
nd  dips  under  the  edjre 
f  the  jar  in  which  the 
as  is  to  be  collected. 
I  the  flask  is  heat- 
:ygen  gas  is  rapid- 
engaged,  but  care 
be  taken  that,  to- 
wards the  close,  the  wa- 
pass  back  into  the  flask,  where,  mixing 
■ght  produce  an  unpleasant  explosion, 
has  been  snpposed  to  con- 
of  oxygen  by  the 
■er,  is  not  the  case, 
■oxide, 


ly  dis 


tei  of  the  trough  may 
with  the  hot  oil  of  vitriol,  it 

The  decomposition  which  here 
sist  simply  m  the  expulsion  of  the  second  atoi 
sulphuric  acid  which  takes  its  place.  This,  how 
By  a  very  gentle  heat,  the  sulphuric  acid  decompoi 
Mn.Oj,  into  protoxide,  Mn.O.,  and  permanganic  aeid,  Mn^O,' {5Mn.0i 
^SMn-O.+MnjOi).  This  last  is  decomposed,  when  the  temperature 
rises,  into  2 (Ma .O3}, manganic  acid,  giving  o«t  one  equivalent  of  ox- 
ygen ;  but  the  temperature  must  be  raised  very  much  to  complete 
the  separation  of  the  Mn.Oj  into  0^  and  Mti.O.  Hence,  in  this  pro- 
cess, as  ordinarily  conducted,  the  residue  in  the  flask  is  found  to  be 
green,  from  manganic  acid;  and,  although  in  theory  a  more  abun- 
dant source  of  oxygen  than  that  by  simple  ignition,  in  the  propor- 
tion of  3  to  2,  it  is  not  so  useful  in  practice. 

When  oxygen  is  required  completely  pure,  it  is  generally  prepared 
by  heating  in  a  glass  tube  or  flask,  to  which  a 
bent  tube  is  attached,  as  in  the  figure,  a  small 
quantity  of  chlorate  of  potash.  This  salt  con- 
sists of  chloric  acid  united  to  potash  Cl.Oj+K.O., 
and  when  healed  somewhat  above  its  melting 
point,  it  is  decomposed,  all  the  oxygen  it  con- 
tains being  evolved  in  the  state  of  gas,  and  the 
other  elements  remaining  combined  as  chloride 
of  potassium.  The  constituents  of  this  salt  are 
by  weight  35'4j  chlorine,  39-7  potassium,  and  48 
of  oxygen.  Hence  100  parts  of  it  give  39  of 
1  oxygen  by  weight,  or  an  ounce  troy,  187  grains, 
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or  543  cubic  inches.     An  ounce  of  it  is  therefore  equivalent  in  ef- 
fect to  six  ounces  of  ordinary  peroxide  of  manganese. 

The  most  remarkable  property  of  oxygen  is  the  energy  with  which 
It  supports  combustion.  If  a  lighted  taper  be  blown  out,  so  that  a 
point  of  the  wick  shall  continue  red,  it  will  be  brilliantly  relighted 
on  being  plunged  into  a  vessel  of  oxygen  gas,  and  this  may  be  re- 
peated several  times  in  succession,  A  bit  of  charcoal,  heated  to 
redness  at  a  single  point,  bums,  when  immersed  in  oxygen,  with 
rapid  scintillations  of  exceeding  brilliancy;  and  when  phosphorus 
is  inflamed  in  oxygen,  the  splendour  of  the  combustion  is  insupport- 
able to  the  eye.  Even  bodies  which  are  not  combustible  under  or- 
dinary circumstances,  may  be  made  to  burn  in  oxygen.  Thus,  if  an 
iron  wire  be  tipped  at  its  extremity  with  sulphur,  or  have  attached 
to  it  a  small  bit  of  wfixed  cotton  wick,  on  lighting  this,  and  plunging 
the  whole  into  the  gas,  the  combustion  extends  from  the  sulphur  or 
wick  to  the  iron,  which  is  converted  into  oxide,  with  the  disengage- 
ment of  most  brilliant  light.  The  heat  evolved  by  the  combination 
of  the  oxygen  and  iron  is  so  great,  that  the  oxide  formed  is  melted, 
and  flows  down  in  drops  from  the  extremity  of  the  burning  wire, 
which,  even  after  having  passed  through  a  layer  of  water,  fuse  them- 
selves into  the  substance  of  the  earthenware  plate,  upon  which  the 
gas  jar  generally  stands.  If,  at  the  moment  when  a  drop  of  oxide 
is  about  to  fall,  it  be  projected  by  a  little  jerk  against  the  side  of  the 
glass,  it  will  melt  its  way  into  its  substance,  or  even,  if  it  be  not 
thick,  pass  completely  through. 

The  heat  evoIveiJ  when  the  body  burns  in  pure  oxygen  maj  be  reddilv  shown  bv 
sunple  methods.  If  a  jet,  a,  be  attached  to  the  lat 
eral  stopcock,  i,  of  the  gasometer,  and  the  flame  ol  a 
spirit-lamp,  h,  be  arged  by  the  issuing  stream  of  gas 
as  by  a  blowpipe,  the  most  refractory  Bubitances 
may  be  fused  by  it.  If  the  tube  be  curved  down 
ward,  the  jet  may  be  brought  lo  bear  pa  a  little  cup 
of  red-hot  charcoal,  in  which  the  body  to  be  fused 
may  be  laid,  and  thus,  upon 'a  small  scale,  thp  con 
struction  and  eSeet  of  the  most  powerful  wind  fui 
naces  may  be  imitated. 

Oxygen  gas  is  necessary  to  the  support 
of  animal  life.  It  is  the  oxygen  which  ex- 
ists in  the  atmospheric  air  that  fits  it  for  i 
its  uses  in  the  economy  of  nature  The 
blood  which  returns  dark  and  venous  into  the  lungs  is  there  changed 
into  the  bright  arterial  state,  by  absorbing  oxygen  and  evolving  car- 
bonic acid,  in  a  manner  of  which  the  e'^act  details  will  be  hereafter 
studied.  This  change  occurs  even  with  blood  ^ahich  has  been  re- 
moved from  the  body.  If  a  quantity  of  dark  blood,  drawn  from  a 
vein,  be  agitated  in  a  vessel  of  oxygen  gas,  it  is  immediately  changed 
into  the  vermilion-coloured  arterial  blood.  An  animal  can  live  long- 
er in  a  vessel  of  pure  oxygen  than  in  the  same  volume  of  atmosphe- 
ric air ;  but  stili,  pure  oxygen  is  not  fitted  for  the  support  of  life.  It 
is  too  stimulating ;  the  animal  lives  too  fast,  and  ultimately  dies  with 
eymptOOTs  of  general  inflammatory  fever,  even  though  there  may  re- 
main still  a  quantity  of  oxygen  gas  capable  of  supporting  the  life  of 
another  animal  for  a  considerable  time. 

The  name  of  oxygen  was  given  to  this  body  from  the  idea  of  ita 
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peculiar  power  of  conferring'  acid  properties  on  its  compounds ;  and, 
in  reality,  most  of  the  bodies  renognised  by  chemists  among  tlio 
class  of  acids  contain,  oxygen.  Bat  this  is  not  invariable;  other 
simple  bodies  possess  the  same  power,  as  has  been  already  noticed 
on  more  than  one  occasion,  and  I  shall  have  opportunities  of  recur- 
ring to  it  when  describing  the  properties  of  those  bodies. 

OfHydrogm. 

Hydrogen  exists  abundantly  in  nature  as  a  constituent  of  animal 
and  vegetable  substances,  and  is  particularly  of  interest  bv  forming 
a  constituent  of  water.  From  this  fact  it  derives  its  name,  vSu>p 
yevvai^  (I  form  water),  and  it  is  by  the  decomposition  of  water  that 
hydrogen  is  almost  always  obtained  for  experimental  purposes. 

If  1  small  quantity  of  the  metal  potassium  be  placed  in  contact 
with  water,  it  immediately  abstracts  the  oxygen,  forming  potash, 
which  is  an  oxide  of  potassium.  The  hydrogen  is  set  free,  and  ap- 
pears as  a  gas.  If  the  experiment  be  performed  under  a  bell  glass, 
inverted  in  a  basin  of  mercury  or  water,  the  gas  may  be  collected ; 
but  if  the  decomposition  takes  place  in  contact  with  the  atmospheric 
air,  Bo  much  heat  is  evolved  by  the  rapidity  and  intensity  of  the 
action,  that  the  hydrogen  takes  fire,  and  burns  according  as  it  is 
produced.  This  is  the  simplest  form  under  which  the  decomposi- 
tion of  water  can  be  exhibited,  the  reaction  being  K.+H.O,=K.O. 
-i-H. 

If  the  circuit  of  the  electrical  current  from  a  voltaic  battery  be 
completed  through  wafer,  which  has  been  rendered  a  good  con- 
ductor by  the  addition  of  sulphuric  acid,  or  common  or  Glauber  salt, 
the  two  constituents  of  the  water  are  evolved  at  the  opposite  elec- 
trodes, or  terminating  surfaces  of  the  liquid,  and  the  two  gases  may 
be  collected  either  separately  or  mixed  together,  and  will  be  then 
found  to  have  been  evolved  in  such  proportions  that  the  hydrogen 
will  be  double  the  volume  of  the  oxygen.  The  theory  of  this  mode 
of  obtaining  hydrogen  has  been  described,  so  far  as  we  are  compe- 
tent to  explain  it,  in  a  former  chapter. 

These  methods,  although  the  simplest,  are  yet  not  applicable  to 
ordinary  purposes,  from  their  espense;  those  usually  employed  are 
the  following.  There  are  many  metals  which,  although  haviag  a 
powerful  affinity  for  oxygen,  are  yet  not  able  to  abstract  it  from  hy- 
drogen, and  so  to  decompose  water  at  ordinary  temperatures ;  but 
at  a  red  heat  the  decomposition  rapidly  takes  place.  For  this  pur- 
pose iron  is  generally  employed.  A  gun-barrel,  or  an  iron  tube,  c  c, 
is  taken,  and  the  interior  having  been  loosely  filled  with  iron  turn- 
ings or  coils  of  iron  wire,  it  is  placed  horizontally  in  a  furnace,  by 
means  of  which  it  can  be  brought  to  a  full  red  heat.  To  one  extrem 
ity  of  the  tube  is  connected  a  small  glass  retort,  a,  containing  water ; 
to  the  other,  a  flexible  metal  tube,/,  which  passes  under  the  shelf  of 
the  pneumatic  trough.  The  iron  tube  being  red  hot,  the  water  in 
the  retort  is  made  to  boil;  the  vapour  passes  into  the  tube,  and 
comes  into  contact  with  the  red-hot  iron  ;  decomposition  immedi- 
ately occurs,  and  the  iron  is  oxidized,  while  the  hydrogen  gas  is 
disengaged  in  large  qwantity.  The  state  of  combination  mto  which 
theironisfound  to  have  passed  is  that  ofthe  black  oxide,  sKch  as  the 
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;  formed  at  the  sinith's  forge  by  the  action  of  the  at- 
on  iron,  and  w  hich  is  also  formed  when  iron  is  hum- 
gas.     The  action  may,  however,  be  simply  reproseat- 


re.+  H.0.=  H.+Fe.O.  Protoxide 
2Fe.+3H.O.  =  3H.+Fei03  Peroxide 
3Fe.+4H.O.=4.H.+Fe,0,  Black  oxi 
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The  action  of  the  iron  in  thus  decomposing  water  n 
paradoxical,  as  it  will  be  seen  hereafter  that  by  means  of  a  c 
hydrogen  gas,  acting  at  a  red  heat,  oside  of  iron  may  be  decomposed, 
the  iron  separating  in  the  metallic  state,  and  water  being'  produced  j 
and  thus,  at  the  same  temperature,  two  decompositions,  precisely  the 
reverse  of  each  other,  may  go  on.  It  would  appear  that  this  is  one 
of  those  cases  in  which  affinities,  nearly  equal  otherwise,  are  direct- 
ed to  one  01"  the  other  object,  according  as  one  or  the  other  sub- 
stance is  in  excess.  When  the  iron  is  kept  in  a  stream  of  watery 
vapour,  this  latter  is  decomposed,  and  the  hydrogen  being  carried 
away,  according  as  it  is  formed,  by  the  current,  it  cannot  interfere 
by  its  presence  in  any  opposing  manner.  On  the  other  hand,  when 
oxide  of  iron  is  heated  in  a  stream  of  hydrogen  gas,  it  is  decompo- 
sed, and  the  water  being  removed  as  rapidly  as  it  is  produced,  the 
tendency  to  reaction  is  presented 

By  the  agency  of  a  dilute  iLid  h  e  may  also  mcrease  the  tenden- 
cy of  a  metal  to  combine 
with  water,  so  that  the  de 
composition  of  water  can 
be  elTected  rapidly  even  at 
common  temperatures.  If 
a  few  slips  of  zinc  or  iron 
be  placed  in  a  flask,  to 
which  a  bent  tube,  /,  isi 
adapted,  as  in  the  appar* 
tus  represented  in  the  fig 
lire,  and  then  oil  of  vitu 
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ol,  diluted  with  eight  times  its  weight  of  water,  be  poured  upon  it 
through  the  funnel,  an  abundant  effervescence  occurs,  arising  from 
the  escape  of  hydrogen  gas,  and  the  zinc  or  iron  rapidly  dissolves. 
The  action  continues  nnti!  the  acid  has  been  all  neutralized  by  the 
zinc,  or  the  zinc  all  dissolved  by  the  acid ;  or,  finally,  until  so  much 
of  the  compound  formed  during  the  reaction  has  been  produced, 
that  the  water  present  cannot  dissolve  any  more.  This  compound 
consists  of  oxide  of  zinc  or  of  iron  united  to  the  sulphuric  acid,  the 
oxygen  of  the  decomposed  water  uniting  with  the  metal,  while  the 
hydrogen  is  set  free.  The  process  may  be  thus  represented,  zinc 
being  used,  Zn.+S.0,+H.0.-^H.+(S.O,+Zn.O.) 

To  account  for  the  circumstances  of  this  reaction,  a  peculiar 
power  was  at  one  time  supposed  to  exist,  termed  disposing  affinity  ; 
and  it  was  said  that  the  presence  of  the  sulphuric  acid  disposed  the 
zinc  to  decompose  the  water,  because  the  oxide  of  zinc,  when  formed 
by  the  decomposition,  might  unite  with  the  acid.  This  theory  is 
quite  futile.  There  can  be  no  oxide  of  zinc  to  influence  the  acid 
until  the  ivater  has  been  decomposed,  and  the  effect,  the  source  of 
which  was  to  be  sought  for,  had  consequently  passed  away,  Jt  ap 
pears  to  mo  that  the  explanation  is  of  a  much  simpler  form.  Zinc 
and  iron  decompose  water  at  ordinary  temperatures,  even  without 
the  presence  of  any  acid,  but  with  excessive  slowness,  so  that  the 
effect  is  almost  imperceptible.  In  fact,  the  first  minute  tiace  of  ox- 
ide which  is  formed,  being  insoluble  in  water,  coats  over  the  metallic 
surface  with  a  varnish  impermeable  to  the  fluid,  and  thus  prevents 
its  farther  action.  This  coating  of  metallic  oxide  is  soluble  in  acids  j 
and  thus,  by  the  presence  of  an  acid,  a  fresh  surface  of  bright  metal 
is  kept  constantly  exposed,  and  the  decomposing  action  is  allowed 
to  proceed  without  hinderance.  It  is  possible,  however,  that  this 
simple  view  may  require  some  alteration,  and  that  this  mode  of  ob- 
taining hydrogen  gas  may  he  found  to  involve  voltaic  conditions 
which  at  present  are  not  well  understood.  Pure  zinc  is  hut  very 
feebly  acted  on  even  by  a  diluted  acid ;  and  the  rapid  action  which 
occurs  with, (Commercial  zinc  or  iron  may  be  referred  to  decompo- 
sition by  the  electric  currents  which  circulate  from  one  portion  of 
the  impure  metal  to  the  other,  through  the  liquid.     See  page  135. 

Hydrogen  gas,  when  it  has  been  prepared  by  any  of  these  process- 
es, is  seldom  pure.  The  iron  and  zinc  of  commerce  contain  gen- 
erally traces  of  carbon,  of  sulphur,  and  sometimes  of  arsenic,  which, 
combining  with  some  hydrogen,  form  gaseous  or  volatile  products, 
which  give  to  the  hydrogen  a  peculiar  disagreeable  odour,  and  col- 
our its  flame.  Occasionally,  also,  traces  of  potassium  and  yinc,  in 
very  minute  division,  arc  carried  up  with  the  hydrogen  by  the  me- 
chanical force  of  the  effervescence,  but  by  repose  these  latter  impu- 
rities are  found  completely  to  separate.  To  get  rid  of  the  former 
class  of  impurities,  the  gas  may  be  made  to  bnbble  very  slowly 
through  solutions  of  potash  and  of  corrosive  sublimate,  by  which 
the  arsenic  and  sulphur  would  bo  absorbed,  and  through  alcohol, 
which  would  for  the  most  part  dissolve  the  carburetted  hydrogen. 
It  is,  however,  better,  when  pure  hydrogen  is  required,  to  prepare 
it  by  acting  upon  water  with  metallic  sodium  mixed  with  quicksilver, 
BO  as  to  moderate  the  rapidity  of  the  decomposition.     Zinc,  whifh 
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has  been  refined  by  distillation,  gives  also,  with  sulphuric  acid  and 
water,  a  gas  almost  completely  pure. 

When  free  from  foreign  matters,  hydrog-en  gas  burns  with  a  very 
pale  white  flame,  almost  invisible  in  brigiit  day.  In  burning,  it  com- 
bines with  the  oxygen  of  the  air,  and  forms  water.  If  a  jar  of  hy- 
drogen gas  be  suddenly  turned  with  the  orifice  upward,  and  infla- 
med, the  whole  mass  of  gas  rushes  out,  and  gives  a  sheet  o[  pale 
white  or  yellowish  flame.  If  it  be  mixed  with  air  previous  to  being 
set  on  fire,  the  combustion  of  the  mixture  is  instantaneous,  and  ac- 
companied with  an  explosive  report.  The  proper  proportions  are  two 
volumes  of  hydrogen  gas  to  five  of  air.  If  a  lighted  toper  be  plunged 
into  a  jar  of  hydrogen,  it  is  immediately  extinguished,  the  gas  not 
being  able  to  support  combustion. 

Hydrogen  gas  is  colourless  and  transparent ;  it  is  absorbed  by  wa 
ter  in  very  small  quantity,  and  hence,  for  ordinary  purposes,  is  al- 
ways collected  over  that  liquid.  It  refracts  light  strongly,  its  re 
fractive  index  being  6-61,  air  being  1-00.  In  its  capacity  for  beat 
it  exceeds  all  other  gases,  being  21-9  by  Apjohn's  experiments,  air 
being  1-00  for  equal  weights,  or  l-iS  for  equal  volumes.  It  is  the 
lightest  substance  known,  being  only  one  fifteenth  of  the  specific 

fravity  of  air ;  or,  more  accurately,  its  specific  gravity  is  68'8,  air 
eing  lOOO'O. 

It  is  hence  used  for  filline  haJloons ;  as  the  balloon  full  of  hydrogen  weighs  lees 
than  the  same  volume  of  air,  it  ascends  with  a  force  equal  to  the  difference  of 
weight.  For  the  purpose  of  illustrating  this  property  of  hydrogen,  a  small  balloon 
made  of  gold-beater'a  skin,  or  of  the  serous  membrane  of  the  turkey's  craw,  may 
bo  made  use  of  On  Ihis  minute  scale,  however,  the  gas  should  be  used  dry,  as, 
when  prepared  and  collected  over  water,  its  specifie  gravity  may  be  so  much  in- 
creased by  the  watery  vapour  it  may  contain,  that,  although  good  enough  foi  a 
larger  balloon,  it  could  not  carry  up  a  small  one,  the  small  balloon  being  really 
much  heavier  in  proportion  to  the  quantity  of  gas  it  can  cootain ;  consequently,  the 
hydrogen  should  be  dried,  which  may  be  eR'ected  by  causing  it  to  stream  from  the 
gasometer  through  a  tube  fiiled  with  fi'aginents  nf  fused  chloride  of  calcium,  which 
absorbs  water  with  great  avidity,  and  from  thence  to  enter  the  balloon.  At  present, 
hydrogen  gas  is  but  seldom  employed,  it  being  found  cheaper  to  make  the  balloon 
veiy  £irge,  and  to  use  coal  gas,  Which,  although  much  heavier  than  hydrogen,  la 
considerably  lighter  than  atmospheric  air  under  the  same  volume. 

By  the  same  experiment,  the  three  most  remarkable  properties  of  hydrogen  may 
be  exhibited  in  an  interesting  form.  If  a  jar  of  hydrogen  be  held  verticaUy,  with 
the  orifice  downward  and  open,  it  will  remain  filled  by  the  hydrogen  for  a  certain 
time,  as  the  air,  being  so  much  heavier,  mixes  itself  with  the  lighter  gas  but  very 
slowly.  If  a  lighted  taper  be  now  applied,  the  gas  will  infiame  at  the  surface 
where  it  is  in  contact  with  tJie  atmosphere,  but,  on  plunging  the  taper  upward  into 
the  pure  gas,  it  will  be  extinguished ;  being  then  lowered,  it  can  be  relighted  at  the 
^eet  of  flame  which  marks  the  surface  of  contact  of  the  gas  and  the  atmosphere, 
and  when  again  raised  into  the  pure  gas,  it  will  again  be  extinguished ;  this  can  be 
repeated  very  often;  the  horizontal  sheet  of  flame  having  been  gradually  rising  into 
the  jar  according  as  the  hydrogen  consumed,  if  then  the  jar  be  suddenly  turned 
with  the  oriflce  Erected  upward,  the  residual  gas  will  at  once  rush  out,  and,  mixing 
with  the  air,  will  burn  explosively  with  a  single  flash. 

The  same  experiments  on  the  combustion  of  hydrogen  may  be  made  with  pure 
oxygen  gas  in  place  of  atmospheric  air,  but  tlien  the  results  are  at  least  five  times 
more  brilliant.  The  proportions  foe  burning  hydrogen  with  oxygen  gas  are  two 
volumes  of  hydrogen  and  one  of  oxygen ;  then,  if  the  gases  were  pure,  nothing  but 
pure  water  should  remain. 

If  a  bladder  be  filled  with  the  two  gases  mixed  in  these  proportions,  and  being 

punctured,  the  flame  of  a  taper  be  applied  to  Ihe  orifice,  the  whole  expiodes  with  a 

flash  of  brilliant  light  and  deafening  explosion,  the  strongest  bladder  being  torn  to 

shreds  by  the  expaiaive  force  of  the  ignited  gases.    In  (his  experiment  the  bladder 
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must,  ol  course,  be  secured,  wbioh  is  easily  done  by  tying  the  stopcnok  by  which 
the  gaa  has  been  passed  into  the  bladder  bBtween  two  nails,  with  some  stout  cord 
or  copper  wire. 

A  mixture  of  hydrogen  and  oxygen  may  also  be  exploded  by  means  of  the  elec- 
tric aparit ;  for  -this  purpose  a  strong  tube,  ciosed  at  the  top,  and  graduated  into 
parts  of  a  cubic  inch,  is  taken,  and  two  brass  or  platioa  wires  are  inserted  through 
'  "'  ■  ir  the  top,  their  extremities  being  kept  about  one  eighth  nf  an 
inch  asunder.  Tiiis  tube  is  termed  a  eudiometer, 
is  frequenlly  used  to  measure  the  quantity  of 
M  oxygen  in  the  atmosphere,  and  generally  for  the 
analysis  of  gaseous  mixtures.  The  oxygen  and 
hydrogen  gases  being  conlined  in  tliis  lube  over 
water  or  mercury,  an  electric  spark  is  passed 
through  the  mixture  by  means  of  the  wires ;  the 
gases  explode,  and,  if  the  proportiona  had  been 
accurately  observed,  no  residue  is  found ;  if  one 
or  the  other  gas  had  been  in  excess,  the  excess 
remains  behind,  one  third  of  the  volume  which 
disappears  being  oxygen,  and  the  other  two  thirds 
'   '  ?  hydrogen.     In  order  to  explode  a  bladder 
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bladder  in   m 
near  each  other,  and  the  external  ends  b      g 
coatings  of  a  charged  Leyden  jar,  the  spark  p    ses 
the  bladder,  and  the  explosion  immediately 

Hydrogen  and  oxygen  are  capab  e  o  e  e  ng  nto  combination, 
and  forming  water  without  any  e  p  o      no  ble  combustion. 

If  the  mixed  gases  be  transmitted  t  u  a  be  eatedto  scarcely 
visible  redness,  they  quietly  combme,  and  this  effect  occurs  at  a 
still  lower  temperature,  if  the  tube  contains  coarsely- powdered 
glass  or  sand.  Slips  of  gold  and  silver  are  slil!  more  favourable ; 
but  the  most  rapid  union  is  effected,  even  at  ordinary  temperatures, 
by  platinum.  This  effect  appears  to  be  due  to  the  metallic  surface 
retaining  a  thin  layer  of  gas  by  so  strong  a  force  as  by  condensation 
to  bring  the  molecules  within  the  sphere  of  their  mutual  chemical 
attraction  ;  they,  combining,  form  water,  and  a  new  quantity  of  the 
gaseous  mixture  comes  into  contact  with  the  platinum,  and  follows 
the  same  course.  If' the  platinum  be  in  the  form  of  a  sponge,  in 
which  the  acting  surfaces  are  very  great,  the  union  takes  place  so 
rapidly,  that  the  heat  evolved  raises  the  temperature  of  the  platinum 
ball  to  bright  redness,  and  then  the  remaining  gas  explodes.  Pla- 
tinum in  form  of  sponge  always  contains  a  quantity  of  air  in  this  con- 
densed condition,  and  hence,  when  a  jet  of  hydrogen  g-as  is  caused 
to  play  upon  a  morsel  of  spongy  platina,  it  is  absorbed,  and  water  be- 
ing formed,  the  ball  of  platinum  becomes  red  hot,  and  inflames  the 
jet  of  gas.  This  constitutes  a  sort  of  lamp  for  instantaneous  light, 
equally  pretty  and  ingenious,  the  jet  of  hydrogen  in  its  turn  being 
contrived  to  fall  upon  and  light  a  little  lamp.     See  p.  179  ajid  235. 

Spongy  platinum  introduced  into  a  mixture  of  oxygen  and  hydro- 
gen explodes  them  instantly,  but  it  can  be  usefully  diluted,  as  it 
were,  by  being  made  into  balls  with  a  little  pipe-clay,  and  then  it 
can  only  produce  their  union  in  the  slow  and  silent  way.  This  mode 
is  accordingly  often  used  in  the  analysis  of  mixtures  of  gases,  and 


by  Google 


UYDRO-OXYQEN     BLOWPIPE.  251 

tne  energy  of  the  platmum  balls  can  be  gracluated  by  the  proportions 
of  metal  and  of  pipe-clay  which  are  employed.  Hydrogen  and  oxy- 
gen, however,  are  not  the  only  gasps  which  can  be  made  to  unite  by 
the  agency  of  platinum  surfaces,  as  will  be  elsewhere  shown. 

The  heat  produced  by  the  combustion  of  oxygen  and  hydrogen 
gaaes  is  the  most  intense  that  can  be  obtained  by  any  artificial 
Tneans.  It  is  hence,  at  present,  much  used  in  an  instrument  termed 
the  hydro-oxygen  blowpipe.  The  apparatus  employed  must  be  of 
such  a  nature  as  to  prevent  any  risk  of  injury  from  explosion,  which, 
with  any  Jarg-e  quantity  of  the  gases,  might  produce  most  serious 
accidents.  The  safest  form  for  experiment  on  a  large  scale  con- 
sists in  having  the  gases  separate,  in  two  gasometers  connected  by 
tubes,  arid  of  such  a  size  and  pressure  as  that  in  the  same  time 
there  will  be  delivered  two  volumes  of  hydrogen  to  one  of  oxygen 
gas.  The  hydrogen  gas  tube  terminates  in  a  hollow  cylindrical  jet, 
inside  of  which  passes  the  jet  of  oxygen  gas;  the  flame  thus  pro- 
duced resembling  that  of  a  candle,  into  the  interior  of  which  is  in- 
jected a  stream  of  air  by  the  blowpipe  in  common  use.  Another  form 
consists  of  a  metallic,  box,  made  so  exceedingly  strong  that,  even 
were  the  gases  to  explode  within  it,  there  could  be  no  danger  of  its 
being  burst.  The  gases,  previously  mixed  in  a  bladder,  are  forced, 
by  means  of  a  condensing  syringe,  into  the  box,  and  a  sufficient 
quantity  having  been  introduced,  the  condensing  syriage  is  removed, 
and  a  stopcock  connected  with  a  jet  opened.  The  pressure  of  the 
condensed  gas  inside  forces  out  a  stream,  which  is  ignited,  and,  if 
the  flame  be  not  allowed  to  burn  too  long,  the  rapidity  of  the  cur- 
rent is  sufficient  to  prevent  the  passage  backward  of  the  flame. 
This  form  is  now,  however,  almost  totally  superseded  by  the  very 
ingenious  safety  cylinder  and  jet  of  Mr.  Hemming.  It  consists  of 
a  brass  cylinder  of  about  five  or  six  inches  long,  by  three  fourths 
of  an  inch  in  diameter,  which  is  filled  as  closely  as  possible  by  a. 
bundle  of  fine  brass  wires,  into  the  centre  of  which  a  wedge-shaped 
brass  rod  is  introduced  and  driven  very  hard,  so  as  to  pack  the 
wires  closely.  The  interstices  between  the  wires  form  thus  a  col- 
lection of  exceedingly  minute  tubes,  through  which  the  gas  must 
pass.  To  one  end  of  this  cylinder  is  connected  a  bladder  contain- 
ing the  mixed  gases ;  the  other  end  terminates  in  a  jet  from  which 
the  gas  issues  ;  the  flame,  in  passing  backward  from  the  jet,  must, 
in  its  way  to  tlie  bladder,  stream  through  the  metallic  cylinder,  and 
then  comes  into  contact  with  so  great  a  surface,  and  so  large  a  mass 
of  material  which  conducts  heat  rapidly,  that  the  gases  are  cooled 
far  below  the  temperature  at  which  their  union  can  occur,  and  their 
farther  combustion  is,  of  course,  prevented. 

For  experiments  upon  a  small  scale,  this  little  apparatus  combines 
the  highest  qualifications  of  convenience,  security,  and  simplicity. 

In  the  flame  of  the  hydro-oxygen  blowpipe,  the  most  infusible  sub- 
stances are  melted ;  flint,  pipe-clay,  the  most  refractory  metals,  as 
platinum,  not  merely  fuse,  but  even  appear  to  evaporate  :  a  rod  of 
iron  takes  fire,  and  burns  with  a  brilliancy  surpassing  that  of  its 
combustion  is  oxygen  gas.  Some  of  the  earths  alone,  are  capable 
of  resisting  its  highest  power.  These,  as  lime  and  magnesia,  par- 
ticularly the  former,  become,  in  the  flame  of  the  mixed  gases,  so 
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brightly  luminous  as  to  rival  in  intensity  the  noonday  sun,  anij 
hence  furnish  one  of  the  most  important  uses  of  the  hlowpipe,  hy 
serving  for  optical  purposes  as  a  suhstitiite  for  the  solar  ray,  which, 
in  our  climate,  is  so  uncertain  in  its  supply.  The  solar  microscope 
fitted  up  with  a  ball  of  lime,  ignited  by  a  jet  of  the  mixed  gases  jn 
place  of  the  solar  rays,  constitutes  the  hydro-oxygen  microscope, 
now  a  common  exhibition  in  our  large  toivna  ;  and  the  same  light  has 
been  proposed  for  use  in  lighthouses,  and  has  been  actually  employ- 
ed for  signals  in  connecting  the  trigonometrical  surveys  of  the  Brjt- 
ish  islands.  In  one  case  the  light  emitted  by  the  ball  of  lime  was 
distinctly  visible  at  a  distance  of  seventy  miles. 

A  singular  |)1ienomenon.  which  is  best  produced  by  the  flame  of  hydrogen,  al- 
though not  peculiar  to  it,  is  the  production  of  musical  sounds,  if  an  open  tube  l>e 
held  over  tlie  flame.  The  flame,  in  fact,  although  uniform  to  the  eye,  consists  of  a 
succession  of  iitlle  explosions  of  mixed  air  and  gas,  which  recur  too  rapidly  to  be 
individually  distinguishable.  If  the  tube  be  now  held  over  the  flame,  it  will  be  seen 
to  flicker,  and  after  a  few  irregular,  interrupted,  esplusive  sounds,  a  distinct  musi- 
cal  note  is  heard.  The  explosions  set  the  air  in  the  tube  to  vibrate,  at  flrst  irregu- 
larly, but  at  last  with  such  a  velocity  of  vibration  as  conesponds  to  the  length  of 
the  tube,  and  to  the  rapidity  with  whicli  the  explosive  mixtures  of  air  and  gas  can 
be  farmed  ;  an^  thus,  by  any  of  the  known  methods  of  determining  the  number  of 
vibrations  corresponding  to  a  given  note,  the  frequency  of  the  little  explosions  may 
be  found.  Occasionally,  also,  a  distinct  beat,  or  alternations  of  sound  and  silence, 
may  be  heard,  as  in  two  organs,  which  being  nearly,  but  not  completely  in  unison, 
sound  together ;  this  arises  front  a  current  of  hot  air  ascending  in  the  centre  uf  the 
tube,  while  a  current  of  cold  air  is  formed  next  the  side.  These  do  not,  for  a  time, 
vibrate  completely  as  one  mass ;  and  hence,  at  certain  periods,  alternately  redouble 
and  destroy  the  sounds  whicli  tliey  produce. 

In  its  relation  to  other  bodies,  hydrogen  plays  a  very  remarkable 
and  peculiar  part.  It  was  at  one  time  supposed  that  it  shared  with 
oxygen  the  power  of  generating  acids;  and  as  sulphur,  chlorine,  cy- 
anogen, iodine,  &c.,  form  one  class  of  acids  by  combining  with  ox- 
ygen, so  they  formed  a  second  class,  called  hydracids,  by  entering 
into  union  with  hydrogen ;  and  hydrogen  was  believed  to  be  related 
to  hydrochloric  acid,  as  oxygen  wus  to  the  sulphuric  or  the  phospho- 
ric acids.  In  the  year  1832, 1  proved  that  this  view  was  totally  incor- 
rect, and  that  all  the  properties  of  the  compounds  of  hydrogen  com- 
bined to  show  that  it  was  an  eminently  electro-positive  body  ;  that  it 
took  a  place  along  with  iron,  manganese,  and  zinc  ;  and  that  the  com- 
pounds of  hydrogen  with  chlorine,  oxygen,  iodine,  and  sulphur  wore 
almost  universally  electro-positive  in  combination,  and  possessed  ba- 
sic characters  derived  from  the  pre-eminent  positive  energies  of  the 
hydrogen  itself.  These  views  have,  since  that  period,  been  still  far- 
ther corroborated  by  the  researches  of  Graham,  and  by  additional 
investigations  of  my  own ;  and  although  the  old  familiar  nomencla- 
ture will  still  retain  its  place  to  a  great  extent,  yet  there  rests  now 
no  doubt  upon  the  minds  of  philosophical  chemists,  that  hydrogen 
is  most  closely  allied  to  the  metals,  particularly  to  zinc  and  copper  j 
that  the  chlorides,  iodides,  and  fluorides  of  hydrogen,  although  they 
simulate  some  of  the  characters  which  we  assign  to  acids,  resemble, 
in  all  important  points,  tho  chlorides,  iodides,  &c.,  of  the  metals 
above  mentioned;  that,  in  fact,  hydrogen  is  a  metal  enormously 
volatile,  standing  probably  in  the  same  relation  to  mercury  that 
mercury  does  to  platinum  in  that  respect,  but  still  possessed  of  all 
truly  chemical  peculiarities  of  the  metallic  state,  and  no  more  de- 
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pnved  of  the  commonplace  qualities  of  lustre,  hardness,  or  biillian- 
cy,  than  is  the  mercurial  atmosphere  which  fills  the  apparently  empty 
top  of  the  lube  of  a  barometer,  or  the  salivating  atmosphere  of  a. 
quicksilver  mine  or  of  a  gilder's  workshop. 

Of  Walir— Oxide  of  Hydrogen. 
H.O. 

It  has  been  already  shoivn  that  water  consists  of  hydrog^en  ana 
oxygen  combined,  in  the  proportions  of  two  volumes  of  the  former 
gas  to  one  volume  of  the  latter,  and  by  weight  of  one  part  of  hy- 
drogen united  to  eight  of  oxygen,  or  of  11-1  hydrogen  and  S8-9  of 
oxygen  in  100  parts. 

The  exact  determination  of  the  composition  of  water  is  one  of  the 
most  important  investigations  in  the  domain  of  chemistry,  as  from 
the  great  range  of  affinities  which  oxygen  and  hydrogen  exercise, 
and  the  variety  of  compounds  into  which  they  respectively  enter, 
the  numbers  adopted  for  the  combining  proportions  of  almost  all 
other  bodies  hinge  upon  those  which  are  employed  for  the  constit- 
uents of  water.  It  has,  consequently,  attracted  the  attention  of  many 
distinguished  chemists.  But,  although  the  determination  of  the  re- 
spective volumes  in  which  the  oxygen  and  hydrogen  unite,  as  de- 
termined by  Gay  Lussac,  gave  avery  accurate  result,  yet  the  most 
positive  determination  was  obtained  by  Berzelius,  with  the  method 
now  to  be  described. 

A  known  weight  of  black  oxide  of  copper  is  introduced  into  a 
glass  tube,  on  which  a  bulb  is  blown,  and  to  the  extremity  of  which 
a  flask,  containing  the  materials  for  generating  pure  hydrogen  gas, 
is  connected.  As,  however,  the  hydrogen  gas  passes  off  in  a  damp 
condition,  and  thus  introducing  water  might  falsify  the  result,  there 
is  interposed  a  tube  containing  fragments  of  fused  chloride  of  cal- 
cium, by  which  the  hydrogen  gas  is  completely  dried  before  it 
comes  into  contact  with  the  oxide  of  copper.  When  the  apparatus 
has  been  filled  with  pure  dry  hydrogen,  heat  is  applied  to  the  bulb 
containing  the  black  oxide  of  copper,  and,  as  soon  as  its  temperature 
has  been  raised  to  dull  redness,  decomposition  commences.  The 
oxide  of  copper  becomes  glowing  red,  and  then,  even  if  the  heat  of 
the  lamp  be  much  reduced,  the  reaction  still  goes  on ;  the  glowing 
gradually  pervades  the  whole  mass,  water  is  formed  and  condensed 
on  the  colder  parts  of  the  tube  in  considerable  quantity,  and  when 
the  reaction  is  completed,  there  remains  in  the  bulb  a  porous  mass 
of  pure  metallic  copper.  It  is  necessary,  however,  to  determine 
exactly  the  quantity  of  water  formed :  for  this  purpose,  a  small  tube 
filled  with  fragments  of  fused  chloride  of  calcium  is  attached  to  the 
bulb  tube  by  means  of  a  caoutchouc  connector,  and  the  stream  of 
hydrogen  gas  is  allowed  to  continue  through  the  apparatus  until 
the  residual  copper  has  become  quite  cold,  and  all  traces  of  water 
have  been  carried  into  the  chloride  of  calcium  tube,  where  it  is  com- 
pletely absorbed  and  retained.  The  oxide  of  copper  tube  having 
been  weighed  before  and  after  the  experiment,  the  loss  found  is  the 
oxygen  which  has  been  carried  off:  the  chloride  of  calcium  tube 
having  been  also  weighed  before  and  after,  the  gain  gives  the  weight 
of  water  formed,  and  hence  the  composition  of  water  may  easily 
be  calculated,  thus : 
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100  parts  of  black  oxide  of  copper  give 
79-85  of  metallic  copper,  and  lose 
20  15  of  oxyg^en,  which  form 
22-67  of  water; 
lently,  22-67  of  water  consist  of 
20.15  of  oxygen, 
2-52  of  hydrogen  ; 


88-9  of  oxygen, 
ll-l  of  hydrogen, 

To  determine  the  combining  equivalents  of  these  substances,  or, 
in  theoretical  language,  their  atomic  weights  it  is  first  necessary  to 
ascertain  what  grounds  there  are  fo    d      d  h 

tution  of  water. 

It  has  been  already  mentioned  tl  n  q     1      1  f 

all  gases  were  considered  to  cont         1  b        f 

and  hence,  as  water  is  formed  by    h  f  !  m       f      j 

gen  and  two  of  hydrogen,  it  was  d      d  bj  h 

consist  of  one  atom  of  oxygen  united  t  two  of  hydrogen,  there 
fore,  if  we  take  oxygen  as  the  standard  of  atomic  weights,  and  call  its 
equivalent  number  100,  the  result  would  be  that  88*9  :  11-1  :  :  100  : 
12-48=  weight  of  two  atoms  of  hydrogen  ;  and  hence  the  atomic 
weight  of  hydrogen  should  be  6-24.  To  the  adoption  of  this  number 
there  are  very  many  objections  :  1st,  The  ground  upon  which  it  was 
first  adopted  has  been  proved  to  be  false,  as  the  same  volumes  of  all 
gases  certainly  do  not  contain  the  same  number  of  chemical  atoms  ; 
and,  although  hydrogen  enters  so  much  into  combination,  it  is  but 
very  rarely  that  it  does  so  in  the  proportion  of  6-24.  Likewise  wa- 
ter, in  all  the  modes  in  which  it  is  capable  of  combining,  does  so  in 
a  quantity  containing  12-48  and  not  6-24  ;  and,  finally,  water  in  com- 
bination allies  itself  to  a  variety  of  metallic  oxides,  all  of  which 
there  is  the  strongest  reason  for  supposing  to  be  composed  of  one 
equivalent  or  atom  of  the  metal  united  with  one  of  oxygen. 

Water  is  therefore  assumed  to  be  composed  of  an.  equivalent  of 
each  of  its  constituents;  and  according  as  the  standard  of  oxygen  or 
of  hydrogen  is  taken,  its  atomic  weight  is 

One  atom  of  oxygen       100-00  8 

One  atom  of  hydrogen  .     .     .       12-24  i 

1 12-24  ~9 

Water  is  colourless,  transparent,  destitute  of  taste  and  smell.  If 
agitated,  it  solidifies  at  a  temperature  of  32°  F.  (0  Centigrade),  but 
if  preserved  quiescent,  it  may  be  cooled  much  lower  without  freez- 
ing ;  if  it  be  then  touched  or  shaken,  a  portion  is  immediately  con- 
verted into  ice,  and  the  temperature  of  the  whole  is  raised  to  32°. 
In  freezing,  water  expands  very  much,  and  exerts  therein  so  great 
a  force  as  to  burst  the  strongest  vessels  in  which  it  is  contained. 
It  is  thus  that  the  surfaces  of  the  hardest  rocks  are  gradually  crum- 
bled into  soil  fit  for  the  support  of  vegetable  life ;  the  water  perco- 
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latmg  mlo  tninute  crevices  and  fissures  during  the  warmer  motilhs, 
and,  when  frozen  in  winter,  breaking  down,  by  repeated  and  in- 
creasing expansive  efforts  during  successive  years,  the  substance 
of  masses  wliicli  would  appear,  from  compactness  and  hardness,  fit- 
ted to  withstand  the  severest  effects  of  time  and  climate. 

The  specific  gravity  of  steam,  such  as  it  would  be  at  the  standard 
temperature  and  pressure,  is  found  to  be  620'1,  atmospheric  air  be- 
ing 1000-0.  Two  volumes  of  steam  contain  two  of  liydrogen  and 
one  of  oxygen  ;  hence  there  is  a  condensation  of  three  volumes  to 
two  produced  by  the  union  of  the  gases.  The  calculated  result  is 
thus  found : 

Two  volumes  of  hydrogen    .     68-8x2=   137-6 

One  volume  of  oxygen =1102-6 

give  two  volumes  of  vapour  of  water  — J240-9 
hence  one  volume  of  vapour  of  water  =  620-1 
In  forming  steam  at  212",  and  a  pressure  of  30  inches  mercury, 
water  expands  to  1696  times  its  volume  according  to  the  determina- 
tion of  Gay  Lussac,  which  gives  almost  exactly  the  proportion  of  a 
cubic  inch  of  water  forming  a  cubic  foot  of  steam,  which  contains 
1728  cubic  inches. 

The  solution  of  gases  in  water  appears  to  be  governed  by  prin 
ciples  similar  to  those  which  regulate  the  solvent  action  of  water 
upon  solid  bodies.  In  some  instances  there  certainly  takes  place 
chemicalunion,  as  in  tiie  case  of  muriatic  acid  gas  and  ammonia;  and 
in  these  cases  the  condensation  of  the  gases  by  the  water  is  accom- 
panied by  the  evolution  of  considerable  heat.  But  in  other  cases, 
particularly  where  the  quantity  of  pas  is  small,  the  result  appears 
to  be  merely  a  mechanical  distribution  of  the  molecules  of  the  gas 
throughout  the  mass  of  the  liquid.  The  following  is  a  table  of  the 
quantity  of  these  gases  absorbed  by  water  without  combination 
'flO  vulumes  of  water  at  60°  Falir.  and  30  inclies  bar.  absorl)  of 

'    Sulptiuretted  hydrogen 253  volinnrs 

SnlpUnrous  acid 43S        " 

Chlorine SOfi        " 

Caibonio  acid     ■    -     ■    i 1<I0        " 

Nitrous  oxide     ...    * 76        " 

Oleliant  gas 13  5     " 

Oxygen 37     " 

Nitrogen   >  t  «     i. 

Hydrogens /     ■         ^ " 

The  mixture  of  nitrogen  and  oxygen,  which  constitutes  the  air 
we  breathe,  is  absorbed  by  water,  and  it  is  to  the  air  thus  dissolved 
that  nater,  m  great  part,  owes  jts  refreshing  taste  It  water  be 
boiled  this  air  is  expelled,  and  this  should  be  done  if  it  be  wished 
to  satuiate  the  water  with  any  other  gas,  as  the  power  oi  water  to 
abjjOib  any  other  gis  is  remaikibly  diminiBhed  by  the  pieaence  of 
e^en  a  small  quantity  of  air  If  water  aheady  satuiated  with  one 
gas  be  exposed  to  the  action  of  a  second,  it  lets  a  poition  of  the 
hrst  escape,  and  absorb',  a  corresponding  quantaty  of  tlie  second. 
In  this  Ha^,  a  very  small  quantity  of  a  sparingly  soluble  gas  may 
expel  d  Urge  quintity  of  one  mucli  more  uolublt  A  familur  exam- 
ple ol  this  fact  consists  in  taking  a  glass  half  full  of  Champagne,  and 
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having  formed  the  palm  of  the  hand  into  a  hollow  cup,  to  strike  the 
top  of  the  g-lasa,  closing  the  glass  and  flattening  the  hand  at  the  same 
time  i  the  air  above  the  wine  is  thus  forcibly  compressed,  and  a  por- 
tion is  then  absorbed,  nnSer  pressure,  by  the  fluid,  fronv  which  a 
quantity  of  carbonic  acid  is  expelled,  greater  than  that  of  air  absorb- 
ed in  the  proportion  of  1060  to  16,  and  thus  the  effervescent  char- 
acter of  the  wine  restored. 

Notwithstanding  this  character  of  neutrality,  which  renders  wa- 
ter so  useful  as  a  vehicle  or  solvent  for  more  energetic  bodies,  wa- 
ter is  actively  engaged  in  a  great  variety  of  chemical  reactions,  in 
which  its  elements,  separating  from  one  another,  appear  in  an  iso- 
lated state,  or,  by  combining  with  other  substances  which  may  be 
present,  generate  new  compounds.  Even,  however, independent  of 
decomposition,  water  plays  a  most  important  part  in  chemical  theory, 
from  the  numerous  classes  of  compounds  of  which  it  forms  a  con- 
stituent. The  generality  of  saline  bodies,  in  crystallizing,  retain  a 
quantity  of  water,  often  more  than  one  half  their  weight;  this  is 
termed  water  of  crystallization.  On  the  application  of  a  moderate 
heat  this  water  separates,  and  frequently  the  sa!t  dissolves  in  its 
own  water  of  crystallization  on  being  heated,  undergoing  what  is 
termed  watery  fusion. 

Salts  containing  water  of  crystallization  often  attract  still  more 
if  surrounded  by  damp  air,  and  fall  into  a  liquid  slate:  such  are 
termed  deliquescent  salts;  others,  on  the  contrary,  give  off  their 
water  of  crystallization  even  at  ordinary  temperatures,  if  the  air  he 
moderately  dry;  some,  such  as  the  carbonate  and  sulphate  of  soda, 
losing  all ;  others,  as  the  phosphate  of  soda,  only  a  portion  of  that 
constituent:  these  are  termed  efflorescent  salts;  when  the  efflores- 
cence is  complete,  they  lose  their  crystalline  arrangement  and  fall 
to  powder. 

Graham  has  shown,  that  in  many  classes  of  salts,  particularly  in 
tlie  sulphates,  one  portion  of  the  water  is  much  more  intimately 
united  than  the  remainder;  that,  in  fact,  in  addition  to  the  mere 
water  of  crystallization,  which  may  be  removed  without  injury, 'there 
is  water  essential  to  the  constitution  of  the  salt,  and  replaced  by 
other  bodies  when  the  salt  enters  into  combination.  Thus,  in  the 
common  crystallized  sulphate  of  coppef  there  are  five  atoms  of  wa- 
ter, of  which  four  are  removable  by  a  temperature  of  150^,  but  the 
fifth  withstands  a  temperature  of  300''.  The  formula  of  this  salt  is, 
therefore,  not  Ca.O. .  Soj-j-SH.O.,  but  Cu.O. .  S.O^  H.O.-)-4H.O., the 
fowr  atoms  being  water  of  crystallization;  now  if  this  salt  be  com- 
bined with  sulphate  of  potash,  this  fifth  atom  of  water  disappears, 
and  the  double  salt  is  (Cu.O. .  S.Oa)  {K.O.  .S.O3)  +4H.0. ;  theK.O. 
S.Oa  having  entered  into  the  place  of  the  water  which  had  been  ex- 
pelled ;  water  thus  circumstanced  is  termed  constitutional  water, 
as  being  necessary  to  the  complete  constitution  of  the  substance. 

Water,  in  combination  with  the  stronger  acids,  is  capable  of  act- 
ing as  a  base,  and,  indeed,  we  know  of  the  existence  of  many  acids 
only  in  the  form  of  their  compounds  with  water.  Thus  the  nitric, 
the  chloric,  the  oxalic,  the  acetic  acids,  have  never  been  obtained 
in  a  separate  form;  what  we  generally  term  those  acids  being,  in 
reality,  compounds  of  these  acids  with  water — sails  of  water.     Oil 


by  Google 


WATER     IN    CHEMICAL    COMBINATION.  257 

of  vitriol  is  a  compound  of  siilplmric  acid  and  water,  euJpliate  of 
water,  and  it  combines  with  more  water,  producing  great  heat,  to 
form  a  suJpiiate  of  water  with  excess  of  J^ase,  precisely  as  the  sul- 
phate of  copper  combines  with  more  oxide  of  copper  to  produce  a 
corresponding  basic  salt.  The  salts  of  water  possess  the  most  com- 
plete similarity  with  those  of  zinc  and  «opper,  and  it  is  from  their 
comparative  stiidy  that  the  evidence  in  favour  of  the  view  inculca- 
ted already,  of  hydrogen  being  a  volatile  metal,  has  been  in  greatest 
part  derived. 

Water  combines  also  with  bases :  the  majority  of  metallic  oxidea 
combine  with  water,  often  with  the  evolution  of  considerable  heat. 
The  slacking  of  lime,  which  is  the  act  of  combination  of  dry  lime 
with  water,  produces  so  much  heat  as  to  ignite  gunpowder,  and, 
when  in  large  quantity,  to  become  red  hot.  Ships  laden  with  lime 
bave  often  been  burned  at  sea,  from  water  getting  into  the  hold 
among  the  lime,  and  so  much  heat  being  evolved  as  to  set  the  ship' 
on  fire.  Barytes  and  strontia  produce,  in  slacking,  still  more  heat. 
Potash  retains  water  so  strongly  that  it  can  only  be  obtained  free 
from  it  by  the  direct  combustion  of  the  metal,  potassium,  in  dry 
oxygen  gas  or  air.  In  relation  to  these  powerful  bases,  water  ap- 
pears, therefore,  to  act  the  part  of  a  feeble  acid. 

The  compounds  of  water  have  been  generally  termed  by  chemists 
hydrates ;  thus,  hydrate  of  lime,  hydrated  oxide  of  copper,  hydrated 
sulphuric  acid,  hydrated  sulphate  of  zinc.  The  very  different  func- 
tions performed  by  water,  in  the  various  modes  of  combination  it 
affects,  render  it  necessary  to  adopt  a  definite  principle  of  nomen- 
clature in  this  respect.  In  the  subsequent  pages  I  shall  employ  the 
word  hydrate  only  where  the  water  is  combined  with  a  base,  such 
as  a  metallic  oxide ;  thus,  hydrate  of  lime,  hydrate  of  potash,  hy- 
drated oxide  of  lead.  Where  the  water  is  united  to  an  acid,  I  shall, 
in  all  cases  in  which  the  true  chemical  nature  of  the  compound 
comes  into  play,  term  it  a  salt ;  as  sulphate  of  water,  oxalate  of 
water,  &c. ;  bat  where  no  strict  theoretical  explanation  is  involved, 
I  shall  continue  to  use  the  common  name,  as  oil  of  vitriol,  strong 
sulphuric  acid,  oxalic  acid,  aquafortis,  &c.  There  is  no  name  pecu- 
liarly applicable  to  the  form  of  compounds  which  contains  constitu- 
tional water,  but  it  will  serve  as  well  to  characterize  the  absence  or 
deprivation  of  this  water  by  the  word  anhydrous,  the  ordinary 
name  of  the  substance  being  supposed  to  include  the  combined  wa- 
ter ;  thus,  common  sulphate  of  zinc,  freed  from  water  of  crystalliza- 
tion, is  Zn.O. .  S.Oj .  H.O.  i  anhydrous  sulphate  of  zinc  is  Zn.O. .  S.O,. 
When  there  exists  water  of  crystallization  in  a  salt,  it  is  of  course 
included  when  the  salt  is  spoken  of  as  crystallized.  In  formulte, 
for  the  purpose  of  distinguishing  between  water  of  crystallization 
and  water  more  closely  united,  the  latter  will  always  be  marked  by 
the  symbols  of  its  constituents,  the  former  by  the  two  initial  letters 
of  the  Latin  word  aqua,  aq. ;  thus  the  crystallized  oxalic  acid  is 
CjOj .  H.O. +2Aq.  The  phosphate  of  soda  is  PA  +  2Na.O. .  H.Oi  -[- 
24Aq. 

Water  does  not  exist  in  nature  in  a  perfectly  pure  condition.     It 
contains  dissolved  a  small  portion  of  atmospheric  air  and  of  carbonic 
acid,  and  also  certain  quantities  of  solid  impurities,  of  which  com 
K  K 
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mon  salt,  sulphates  and  carl)Onates  of  lime, -and  chloride  of  magne- 
sium, are  the  most  important.  In  particular  localities,  the  water  is- 
suing from  the  earth  contains  iron,  and  often  sulphuretted  liydrogen  ; 
also  traces  of  iodine  and  hromine  ;  and  occasionally  the  quantity  of 
these  foreign  matters  present  is  so  grenC  as  to  confer  upon  the  wa- 
ter medicinal  properties,  and  to  make  such  springs,  under  the  name 
of  mineral  springs,  spas,  be  resorted  to  for  the  purpose  of  preserving 
or  recovering  health.  These  impurities  arise  from  the  water,  in 
percolating  through  the  porous  rocky  strata,  of  which  the  mount- 
ains and  general  cnist  of  the  earth  are  composed,  dissolving  in  small 
quantity  almost  all  the  substances  it  meets.  Hence  rain-water  or 
snow-water,  collected  at  adislance  from  houses,  is  the  purest  water 
which  can  be  obtained  in  nature.  It  contains  only  some  carbonic 
acid  and  air  dissolved.  The  sea  being  the  general  reservoir  into 
which  all  the  rivers  of  the  earth  discharge  their  waters,  contains 
in  a  coneeiitratet)  forpi  all  the  materials  which  the  river  waters  had 
carried  down.  Although  not  of  absolutely  the  same  constitution  all 
over  the  globe,  yet  it  varies  so  little  that  the  deviation  may  be  ex- 
plained by  local  circumstances.  It  is  in  many  countries  the  source 
from  which  common  salt  and  sulphate  of  magnesia  are.  derived. 
When  sea-water  freezes,  tlie  ice  contains  scarcely  a  trace  of  saline 
matter,  so  that,  when  melted,  it  forms  a  sweet,  drinkable  water. 
Hence,  in  voyages  in  the  Northern  Seas,  supplies  of  fresh  water  are 
obtained  by  chopping  blocks  of  ice  from  the  frozen  surface  of  the 
ocean.  To  obtain  water  pure  for  chemical  purposes,  it  ik  necessary 
to  distil  it.  The  saline  and  fixed  impurities  remain  behind,  the  pure 
Water  passes  over.  Its  purity  may  be  ascertained  bjf  means  of  the 
reagents  fitted  to  detect  the  most  important  impurities.  Thus,  if 
free  from  common  salt,  it  will  give  no  precipitate  with  a  solution  of 
nitrate  of  silver ;  if  free  from  lime,  it  will  not  be  affected  by  oxalic 
acid  J  and  if  it  be  not  rendered  turbid  by  nitrate  of  barytes,  it  can 
not  contain  sulphuric  acid. 

From  the  inactivity  of  water,  and  the  facility  with  which  it  may 
he  obtained  pure,  as  well  as  the  important  part  which  it  plays  in  the 
economy  of  nature,  it  is  taken  as.tlie  stancfard  with  which  the  prop- 
,erties  of  other  bodies,  when  numerically  determined,  are  compared. 
Thus  the  specific  heats  of  solids  and  liquids  are  reduced  to  a  scale, 
water  being  taken  as  l-OOO.  The  specific  gravities  of  liquids  and 
solids  are  also  taken  in  numbers,  that  of  water  being  the  standard. 
If,  however,  the  specific  gravities,  and  heals  of  gases  and  vapours 
were  reduced  to  the  standard  of  water,  the  fractions  by  which  they 
should  be  expressed  would  be  inconveniently  small ;  and  hence,  for 
this  class  of  bodies,  a  better  suited  standard  substance  is  found  in 
atmospheric  air. 

Of  Oxygenated  Water.     Peroxide  of  Hydrogen. 
1-1.0.4-0.,  or  H.Oj. 
This  singular  substance  was  first  discovered  by  Thenard ;  its 
preparation  is  somewhat  circuitous  and  indirect,  oxygen  and  hydro- 
gen not  combining  with  each  other  directly  in  any  other  proportions 
but  those  which  form  water. 
For  Us  preparatiun,  peroxide  of  barium  niuat  be  lirst  procured ;  tliia  is  prepared 
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by  placing  purs  liarytes  (oxide  of  barium)  in  a  porcelain  tnbe,  whicli  is  heated  to 
redness  in  a  charcoal  furnace,  and  then  a  stream  of  pure  oxygen  gas  passed  over  it 
as  long  as  it  is  ahsorlied ;  th.e  barytes  absorbs  as  inuoh  more  oxygen  as  it  already 
contained,  and  from  Ba.O.  becomes  Ga.Oj 

Tbia  substance  may  be  still  more  easily  prepared  by  mixing  pure  barytes  with 
ita  weight  of  chlorate  of  potash,  and  heating  it  nearly  to  redness ;  when  the  disen- 
gagement of  oxygen  from  tlie  chlorate  of  potash  has  sot  in,  the  mass  becomes 
glowing  red  at  onejmint,  and  this  appearance  spreadsoser  the  whole  mass  like  tinder. 
TliE  barytes  burns,  as  it  were,  in  the  atmosphere  of  oiygen,  and  fiirraa  the  deutox- 
ide  of  barium.  If,  then,  the  residual  mass  be  washed  with  water,  the  chloride  of 
potassium,  which  remains  from  the  chlorate  of  potash,  is  dissolved,  and  thedeiitox- 
ide  of  bariuni,  combining  with  an  equivalent  of  water  to  form  a  buky,  wliite,  insol- 
able  hydrate,  remains  behind,  and  may  be  collected  on  a  Ulter. 

The  best  mode  of  obtaining  peroxide  of  hydrogen  from  this  substance  is  that  pro- 
posed by  Felouze.  To  dilute  hydruRiinric  acid  (fluoride  of  hydrogen),  the  peroxide 
of  barium  Is  added  nnlil  the  acidity  of  the  liquor  is  completely  neutralized.  The 
reaction  is  very  simple ;  the  fiuorine  combines  with  the  barium,  while  all  the  osy- 
gen  is  transferred  to  the  hydrogen,  which  the  fiuoiio  acid  abandons ;  thus, 
H.F.-|-Ba.Oj=Ba.F.+H.Oi. 

The  fluoride  of  barium  is  insoluble,  and  may  be  collected  on  a  filter  along  with 
the  excess  ofperoside  of  barium;  the  liquor  contains  only  pure  oxygenated  water. 
FluosilicLc  acid,  which  is  cheaper,  and  more  convenient  than  the  flaoric  acid,  may 
also  be  used  in  this  decomposition.  The  flnosilicate  of  bariUm  separates  as  an  in- 
soluble white  powder,  and  the  peroxide  of  hydrogen  remains  dissolved. 

Thenard's  plan  consistM  in  dissolving  the  peroxide  of  barium  in  dilute  muriatic 
acid,  and  tlien  precipitating  the  barytes  by  sulphurio  acid.  The  muriatic  acid 
which  became  free  was  then  neutralized  by  another  portion  of  peroxide  of  barium, 
and  this  again  precipitated  by  sulphuric  acid.  When  tlie  liquor  had  become  strong 
enough,  the  free  muriatic  acid  was  removed  by  the  cautious  addition  of  sulphate  of 
silver,  and  the  sulphuric  acid  then  evolved  tvas  precipitated  by  the  addition  of  pure 
barytes,  carefully  avoiding  ait  excess. 

The  weak  solution  of  peroxide  of  hydrogen  thus  i^tained  must  be  placed,  along 
with  a  capsule  of  sulphuric  acid,  under  the  exhausted  receiver  of  the  air-pump. 
The  water  being  more  volatile,  ev^iorates  first,  and  the  liquor  gradually  becomes 
more  concentrated, imtit,  tinally,  the  peroxide  of  hydiogen  remains  pure  behind.  If 
left  too  long  in  the  exhausted  vessel,  it  evaporates  itself  without  alteration. 

Peroxide  of  hydrogen  is  a  thick,  colourless  liquid.  Its  specific  gravity  is  Id68. 
It  has  a  nauseous  taste,  and  irritates  the  skin.  It  bleaches  and  destroys  all  vegeta- 
ble colours.  Its  reactions  are  generally  so  violent  that  it  must  be  diluted  with 
many  times  its  volume  of  water  before  they  can  be  accurately  observed. 

Its  most  curious  property  is,  that  by  being  put  in  contact  with  any  one  of  a  great 
number  of  solid  substances,  it  is  decomposed  with  great  rapidity,  being  resolved 
into  oxygen  and  water.  Black  oxide  of  manganese  is  ooe  of  the  most  active.  If  a 
littleofthis£ubstance,in  powder,  be  introduced  into  strongperoxideof  hydrogen,  in 
a  graduated  Cube,  over  mercury,  the  latter  is  decomposed  almost  explosively,  disen- 
gaging 475  times  ita  volume  of  oxygen,  the  oxide  of  manganese  remaining  perfectly 
unaltered.  Platinum,  gold,  silver,  quicksilver,  particularly  if  the  metal  be  in  the 
form  of  leaf  or  sponge,  produce  the  same  effect;  and  if  the  peroxide  of  hydrogen 
be  put  into  contact  with  an  oxide  of  these  metals,  as  oxide  of  silver,  it  is  not  mere- 
ly decomposed  itself,  but  the  oxide  is  also  decomposed,  the  oxygen  and  metal  both 
becoming  free.  In  the  dark,  and  with  strong  peroxide  of  hydrogen,  a  Dash  of  light  ia 
seen  to  accompany  its  decomposition,  and  the  tube  becomes  red  hot.  The  decompo- 
sition of  the  oxide  of  silver  cannot,  however,  be  referred  to  the  great  heat  produced, 
aa,  even  if  tlie  peroxide  of  hydrogen  be  diluted  with  fifty  times  its  volume  of  water, 
oxide  of  silver  produces  complete  decomposition,  cvoluiiwi  of  oxygen,  and  separa- 
tion of  metaliic  silver ;  yet  the  effervescence  is  not  very  energetic,  and  the  liquor 
does  not  become  sensibly  wann  to  the  hand. 

With  other  metals,  the  oxygen,  in  place  of  becoming  free,  enters  into  combinatipn, 
forming  an  oxide  of  a  higher  degree ;  thus,  with  the  oxides  of  lead  and  bismuth 
there  are  formed  peroxides  of  those  metals ;  with  arsenic  there  is  formed  arsenic 
acid.  The  animal  substances  flbrine  and  albumen,  which  are  so  similarin  most 
respects,  are  distinguished  from  each  other  by  their  action  on  this  body,  flbrine  de^ 
composing  it  with  rapidity,  while  albumen  ia  without  effect.  It  is  highly  probable, 
that  in  Uie  decomposition  of  water  by  the  voltaic  pde,  some  of  this  compound  may 
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he  formeil,  as  tlie  quantity  of  oxygen  collected  \a  frequently  aninller  than  it  shouM 
be ;  and  a  portion  of  the  process  of  Ijleacliing,  l>y  exposing  the  wetted  cloth  to  the 
action  of  light  and  air,  may  possibly  be  carried  on  by  the  formation  anil  subsequent 
decomposition  of  this  substance. 

Peroxide  of  hydrogen,  when  kept  for  any  length  of  time,  even  in  a  dilute  condi- 
tion, gradually  decomposes,  osygen  being  given  off;  and  water  remBiriing  behind. 
The  presence  of  an  acid  in  the  liquor  retards  this  action  very  much,  while  the  pres- 
ence of  an  alkali  accelerates  it.  It  was  in  great  part  from  the  remarkable  charac- 
ters of  this  body  that  Beraelins  derived  his  evidence  in  favour  of  the  existence  of  a 
"atalytic  force  influencing  chemical  action,  which  has  been  described  already. 

Of  mtrogcn, 
H. 
it  has  been  already  noficed,  that  the  suhstance  by  which  the  ox- 
yf^en  is  diluted  in  atmospheric  air,  so  as  to  render  it  suitable  to  the 
respiration  of  animals,  is  called  nitrogen,  from  its  being  the  basis 
of  nitric  acid  and  nitre  (the  nitre  former).     It  is  also  called  by  some 
chemists  azo/e,  from  its  incapability  of  supporting  life ;  but,  as  a 
great  number  of  gases  resemble  it  in  that  respect,  the  former  came 
JB  the  more, characteristic,  and  it  alone  will  be  hereafter  used. 
As  nitrogen  exists  in  great  quantity  in  the  air  we  breathe,  it  is 
,^--  most  easily  obtained  by  acting  upon  a  con- 

lined  portion  of  the  air  so  as  to  abstract  the 
oxygen,  when  the  residual  gas  is  found  to 
he  nitrogen  almost  completely  pure.  Thus, 
if  a  small  piece  of  phosphorus,  laid  in  a  cup 
(/,  floating  on  water,  bo  set  on  fire,  and  a  beU 
I  gh's,  a,  be  inverted  over  it,  the  phosphorus, 
1  burnmg,  unites  with  the  oxygen  of  the 
ir,  and  forms  white  fumes  of  phosphoric 
^  acid  At  first,  from  the  great  expansion  of 
the  air  ca  cd  by  the  high  temperature  of  the  flame,  some  bubbles 
escape  from  under  tbe  edge  of  the  gloss  ;  but  soon,  even  before  the 
pliosphoius  has  ceased  to  burn,  the  water  begins  to  rise  in  the  be!l, 
and  finally  the  cloudsofphosphoricacid  gradually  dissolvingjnthe 
i^atei  the  residual  gas  will  be  found  to  occupy  about  four  fifths  of 
the  original  volume  of  the  air,  and  to  be  colourless  as  the  air  had 
been  before.  Any  other  burning  body  would  answer  the  same  pur- 
pose, although  not  so  perfectly  as  the  phosphorus.  Thus,  if  spirit 
of  wine,  or  pyroxylic  spirit,  or  ether,  which  burn  without  smoke,  be 
placed  in  the  little  cup,  and  set  on  fiio  under  the  beli  glass,  as  in 
.  the  former  instance,  the  inflammable  constituents,  carbon  and  hy- 
drogen, combine  with  the  oxygen  of  the  air,  forming  carbonic  oxide 
and  water,  the  nitrogen  remaining  behind.  The  gas  thus  obtained 
must  be  washed  well  with  water,  or,  better,  a  little  solution  of  pot- 
ftsh,  to  remove  the  carbonic  acid,  and  even  then  the  nitrogen  con- 
tains some  oxygen  unconsumed  ;  for  in  every  case  where  carbonic 
acid  is  formed  by  a  burning  body,  the  combustion  ceases  before  all 
the  oxygen  present  has  been  consumed,  the  carbonic  acid  exercising 
on  combustion  a  positively  impeding  power,  similar  to  that  which  it 
has  on  respiration.  The  purest'  nitrogen  is  consequently  obtained 
by  means  of  phosphorus. 

Independent  of  this  source  of  nitrogen  in  atmospheric  air,  it  may 
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be  obtained  indirectly  from  a  great  numbeT  of  substances.  Thus 
most  animal  substances  contain  iiitrog-eii  in  large  quantity,  united  to 
carbon,  hydrogen,  and  oxygen.  If,  therefore,  some  pieces  of  muscle, 
or  albumen,  or  gelatine,  be  boiled  in  a  retort  with  some  nitric  acid, 
the  oxygen  of  the  nitric  acid  combines  with  tlie  carbon  and  hydrogen 
of  the  animal  substance,  forming  different  compounds  according  to 
3  temperature  and  the  proportions,  while  the  nitrogen  of  both  is 


If  a  gas,  termed  nitrous  oxide,  which  will  be  described  in  a  sub- 
sequent section,  be  put  into  contact  with  a  slip  of  metallic  zinc,  at 
the  moment  of  its  formation  the  zinc  deprives  it  of  its  oxygen,  form- 
ing oxide  of  zinc,  and  the  nitrogen  is  set  free.  The  apparatus  used 
for  this  purpose  consists  of  a  tubulated  retort,  into  which  is  intro- 
duced the  salt  (nitrate  of  ammonia),  which,  wiien  heated,  yields  ni- 
trous oxide.  Into  the  tubulure  is, fitted  a  cork,  through  which  passes 
a  copper  wire,  to  the  end  of  wiiieh  a  slip  of  zinc  ia  fastened.  To 
the  neck  of  the  retort  a  bent  tube  ia  adapted,  passing  to  the  pneu- 
matic trough.  Heat  lieing  applied  to  the  retort  by  means  of  a  lamp, 
the  salt  melts,  and  then  begins  to  emit  gas.  At  this  moment  the 
copper  wire  is  depressed,  so  that  the  slip  of  zine  may  touch  the  sur- 
face of  the  melted  mass.  The  effervescence  immediately  becomes 
much  more  violent,  white  clouds  of  oxide  of  zinc  are  formed,  and 
the  gas,  which  passes  over,  is  nitrogen  quite  pure.  The  theory  of 
the  formation  of  the  nitrous  oxide  ivill  be  noticed  under  the  proper 
head.  Its  decomposition  by  the  zinc  is  simple:  nitrous  oxide  is  N. 
0.,  and  acted  on  by  Zn.  their  products  are  N.  and  Zn.O. 

If  ammonia  dissolved  in  water  be  exposed  to  the  action  of  a  cur- 
rent of  chlorine,  it  is  decomposed,  sal  ammoniac  is  formed,  and  ni- 
irogen  gas  is  disengaged.  The  solu- 
tion of  ammonia  may  be  contained  in  , 
a  bottle  with  a  wide  neck,  g,  to  which 
a  cork  is  fitted,  perforated  to  admit 
two  tubes,  the  one,  /,  conveying  tbe 
chlorine  from  the  vessel  o,  in  which 
it  is  disengaged,  and  opening  under 
the  surface  of  tbe  liquid  near  the  hot-  , 
tom,  the  other  projecting  but  little  L 
under  the  cork,  and  lending  to  the  1 
pneumatic  trough.  The  action  of  the 
chlorine  upon  the  ammonia  is  accompanied  by  the  formation  of  white 
fumes  and  the  evolution  of  much  heat  If  the  solution  be  «tiong,  a 
flash  of  light  is  seen  at  the  entrance  of  each  bubble  of  chlorine,  gas ; 
but  these  are  not  attended  with  any  danger.  The  ammonia,  how- 
ever, must,  all  through  the  process,  be  kept  in  excess,  as,  were  the 
chlorine  inexeess,  it  might  produce  a  body,  chloride  of  amidogene, 
possessed  of  the  most  eminently  dangerous  explosive  properties. 

The  reaction  which  here  takes  place  may  be  simply  shown.  Am- 
monia consists  of  one  equivaSent  of  nitrogen  and  three  of  hydrogen ; 
by  the  action  of  three  equivalents  of  chlorine  there  are  formed  three 
of  chloride  of  hydrogen  (muriatic  acid),  which  unite  then  with  three 
equivalents  of  ammonia  to  form  three  of  sal  ammoniac  (muriate  of 
ammonia).    Thus  (N.-f  3H.)  and  3C1.  give  N.  and  (3C1.H.),  which 
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combine  with  SN.H,  to  form  3(C!.H.  .  N.H3),  one  equiviilent  of  ni- 
trogen becoming  free. 

Nitrogen,  when  obtained  by  any  of  these  processes,  is  a  perma- 
nent gas,  colourless  and  transparent ;  it  is  absorbed  by  water  only 
in  vew  small  quantity.  It  is  lighter  than  atmospheric  air,  its  specific 
gravity  being  976,  air  being  1000.  It  is  characterized  by  the  com- 
plete absence  of  the  positive  properties  which  distinguish  other 
gases.  Th«s,  it  does  not  support  combustion  or  respiration  ;  it  ex- 
tinguishes a  taper,  and  animals  are  suffocated  in  it;  bat  these  ef- 
fects appear  to  he  due  only  to  the  absence  of  oxygen. 

Although  nitrogen  is  thus  incapable  of  combining  directly  with 
osygen,  yet  by  indirect  methods  they  may  be  made  to  unite,  and 
the  compounds  formed  of  these  elements  are  surpassed  in  number 
and  importance  by  few  series  of  binary  combinations.  When  oxy- 
gen and  nitrogen  combine,  their  result  is  almost  universally  that 
which  contains  most  oxygen,  nitric  acid  ;  their  union  may  be  effect- 
ed by  the  electric  spark,  provided  water,  or  a  solution  of  an  alkali 
be  present;  hence  rain-water  often  contains  traces  of  nitric  acid, 

Earticularly  if  its  deposition  has  been  preceded  by  discharges  of 
ghtning  between  thb  clouds;  and  lime  or  potash  contained  in  old 
waUs  are  found,  after  a  certain  time,  to  be  neutralized  by  nitric  acid. 
A  mixture  of  ammonia  and  osygen  may  be  converted  into  nitric 
acid  and  water,  likewise,  by  spongy  platinum  at  a  temperature  of 
572=. 

The  combining  proportion  of  nitrogen  is,  on  the  hydrogen  scale, 
14i'0,  and  on  the  osygen  scale,  175.  In  a  great  number  of  instances, 
however,  it  appears  to  enter  into  combination  with  one  third  of  its 
ordinary  equivalent,  and  I  have  found  this  peculiarity  to  extend  to 
arsenic  and  phosphorus,  which  are  so  closely  assimilated  to  it- 
throughout  their  chemical  relations. 

Before  entering  upon  the  history  of  the  compounds  of  nitrogen 
with  oxygen,  I  shall  describe  more  particularly  the  properties  and 
composition  of  atmospheric  air,  which,  being  of  so  much  importance 
in  the  majority  of  chemical  reactions  which  occur  on  a  large  scale, 
and  being  assumed  as  the  standard  of  properties  for  gaseous  and 
vaporous  bodies,  deserves  minute  attention. 

Of  the  Atmosphere. 
The  analysis  of  atmospheric  air  was  the  first  important  problem 
in  the  chemistry  of  gaseous  bodies  with  which  chemists  occupied 
themselves,  and  hence  the  names  of  instruments  originally  devised 
for  examining  atmospheric  air  became  generally  used  to  indicate 
those  employed  in  the  analysis  of  gaseous  mixtures  or  compounds 
of  any  kind.  The  word  eudiometer  signifies  a  measurer  of  the  good- 
ness of  the  air ;  and  from  the  interest  which  the  probiem  presented, 
numerous  methods  were  early  invented,  ahhongh  it  is  only  recently 
that  very  great  precision  has  been  obtained.  It  was  at  first  believed 
that  the  relative  salubrities  of  districts,  and  even  of  different  local- 
ities in  the  same  neighbourhood,  coidd  be  determined  by  the  pro- 
portions of  oxygen  and  nitrogen  which  the  air  of  these  places  might 
contain ;  and  that  the  admixture  of  pernicious  substances,  exhaling 
from  a  marsh,  or  generated  within  the  ill-ventilated  apartments  of 
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an  hospital  or  of  a  jail,  might  be  recognised,  and  means  discov- 
ered of  removing  them,  or  of  destroying  their  activity,  when  their 
nature  had  become  determined  by  the  analysis  of  the  air  m  wnich 
they  had  been  contained.  The  differences  between  the  resalts  of 
various  chemists,  on  which  these  expectations  had  been  loanded, 
have  gradually  disappeared  by  the  use  of  better  methods,  and  the 
constitution  of  atmospheric  air  is  now  recognised  as  being  almost 
absolutely  the  same  throughout  its  entice  mass;  Lnt  from  other 
sources,  the  very  resnlts  which  had  been  originally  sought  aftei 
now  appear  to  form  a  legitimate  and  promising  subject  of  iaqui^. 

In  addition  to  oxygen  and  nitrogen,  its  principal  constituents,  at 
mospheric  air  contains  some  carbonic  acid  and  watery  vapour;  tha 
quantity  of  the  latter  is  determined  by  methods  almost  entirely 
physical,  and  forms  a  practical  department  in  the  theory  of  vapours, 
termed  hygrometry.  I  shall,  therefore,not  touch  upon  it  here,  refer- 
ring to  what  has  been  already  noticed  of  it  in  the  sections  upon 
water  and  upon  heat. 

The  determination  of  the  quantity  of  carbonic  acid  present  in  at- 
mospheric ail'  has  been  made  accurately  by  Saussure,  who  found 
that,  in  general,  10,000  volumes  of  air  contain  4' 15  of  carbonic  acid  j 
the  maximum  of  carbonic  acid  he  found  to  be  5-74,  and  the  minimum 
3- 15.  Over  the  surface  of  lakes,  as  that  of  Geneva,  the  quantity  of 
carbonic  acid  is  smaller,  but  in  cities  greater,  amounting  to  i'+S  in 
the  average  :  the  quantity  is  somewhat  greater  by  night  than  by  day, 
and  in  the  higher  regions  of  the  air  than  on  the  surface  of  the  low 
ground  ;  it  is  diminished  also  dnringand  for  some  time  after  rain. 
To  determine  the  quantity  of  the  carbonic  acid,  a  large  globe  or 
bottle  containing  air  is  taken,  and  a  solution  of  barytas  is  introduced, 
until,  after  having  been  well  agitated  with  the  air,  it  is  found,  by 
browning  turmeric  paper,  to  be  present  in  excess.  The  carbonic 
acid  combines  with  barytes  to  form  a  white  powder,  carbonate  of 
barytes,  which,  being  collected  on  a  filter  and  weighed,  gives,  by  a. 
simple  calculation,  the  volume  of  the  carbonic  acid  in  the  air. 

The  experiments  of  Saussure  and  of  Boussingault  have  made  it 
probable  that  carbon  combined  with  hydrogen  (probably  as  the  gas 
of  marshes)  exists  in  very  small  quantity  in  atmospheric  air.  Thus, 
■when  Saussure,  after  having  removed  all  carbonic  acid  by  barytes, 
detonated  the  residual  air  with  pure  hydrogen,  he  obtained  a  quan- 
tity of  carbonic  acid  equal  to  nearly  one  part  in  2000  of  the  air  em- 
ployed ;  and,  although  employing  other  methods,  the  results  of  Bous- 
singault strongly  corroborate  the  same  idea:  he  found  sulphuric  acid 
to  be  blackened  when  exposed  to  air,  although  all  access  of  dust  or 
accidental  impitrities  was  removed,  and  that  when  air,  previously 
freed  from  carbonic  acid,  was  passed  over  red-hot  oxide  of  copper, 
a  perceptible  quantity  of  water  and  of  carbonic  acid  was  produced. 

But  the  most  important  portion  of  the  analysis  of  atmospheric  air 
is  to  ascertain  the  proportions  of  the  oxygen  and  nitrogen.  To  ef- 
fect this,  any  one  of  a  great  variety  of  bodies  which  are  capable  of 
uniting  with  oxygen  may  be  used;  thus,  if  a  solution  of  sujphuret 
of  potassium  be  exposed  to  air,  it  absorbs  oxygen,  and  gradually 
passes  to  the  state  of  hyposulphite  of  potash,  and  by  the  amount  of 
absorption  the  quantity  of  oxygen  may  be  ascertained.     This  is  the 
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method  of  Scheele.  One  proposed  by  Sir  Humphrey  Davy  consisted 
in  agitating  the  deep  olive  liquor  formed  by  passing  nitric  oxide 
gas  into  a  solution  of  green  sulphate  of  iron,  with  a  measured  quan- 
tity of  atmospheric  air;  but  it  is  now  abandoned.  An  excellent 
mode  of  using  these  bodies  as  eudiometers  is  to  fill  with  the  liquid 
a  smiill  caoutchouc  bottle,  holding  about  two  fluid  ounces,  and  then 
tie  it  securely  on  the  tube  of  air  which  passes  pretty  closely  in  at 
the  neck  ;  the  mass  of  air  and  fluid  can  thus  be  brought  extensively 
into  contact,  and  the  absorption  is  shown  by  the  gradual  rise  of  the 
liquid  in  the  tube,  the  soft  parietes  of  the  bottle  yielding  to  tho  press- 
ure of  the  externa!  air. 

Nitric  oxide  gas  possesses  the  property  of  combining  with  the 
oxygen  of  the  air,  and  forming  deep  red  fumes  of  nitrous  acid,  which 
dissolve  in  water.  By  this  means,  using  an  excess  of  the  nitric  ox- 
ide, all  oxygen  may  easily  be  removed  from  atmospheric  air,  but 
the  composition  of  the  nitrous  acid  fumes  is  not  alwaj's  the  same, 
and  hence  the  quantity  of  oxygen  which  the  air  contamed  is  liable 
to  be  mistaken.  This  mode,  therefore,  from  the  great  precaution 
necessary  in  its  use,  has  been  quite  laid  aside. 

The  use  of  the  hydrogen  gas  eudiometer,  whether  the  combination 
of  tiiat  substance  with  the  oxygen  be  accomplished  by  the  agency 
of  the  electric  spark,  or  by  means  of  spongy  platina,  has  been  already 
noticed.  It  is  one  of  the  most  accurate  and  easy  methods  that  can 
be  used,  and  hence  has  been  most  generally  employed.  The  risk 
of  accident  from  the  violence  of  the  explosion  by  the  electric  spark 
is  much  diminished  by  using  the  form  proposed  by  Ure.  The  tube, 
which  need  not  be  at  all  so  stout  as  in  the  common  form,  is  taken 
about  twice  as  long,  and  bent  into  the  form  of  a  U.  Having  been 
filled  with  mercury,  the  mixture  of  air  and  hydrogen  is  transferred 
to  the  sealed  leg,  and  then,  the  open  leg  being  about  half  occupied 
by  air,  it  is  to  be  firmly  closed  by  the  thumb  or  by  a  cork.  When 
the  explosion  follows,  the  air  in  tho  open  log  yields  to  the  pressure 
and  graduates  the  shock;  no  portion  of  the  exploded  mixture  can 
be  projected. 

Slips  of  copper  foil,  moistened  with  muriatic  acid,  absorb  oxygen 
with  great  avidity,  and  have  been  proposed  by  Gay  Lussac  for  the 
analysis  of  atmospheric  air,  Saussore  has  used  in  his  accurate  re- 
searches thin  filings  or  turnings  of  lead,  which  combine  with  oxygen 
very  rapidly,  and  remove  it  totally  from  the  air. 

Phosphorus,  which  burns  in  oxygen  and  in  air  so  brightly,  may 
also  be  employed  to  form  a  eudiometer.  It  may  be  used  either  by 
slow  or  by  rapid  combustion.  In  the  former  mode,  a  stick  of  moist- 
ened phosphorus,  placed  in  a  graduated  tube  of  air,  deprives  it  com- 
pletely of  its  oxygen  in  about  twenty  hours ;  the  residue  is  nitro- 
gen,  which  has  the  sm.ell  of  phosphorus,  and  requires  a  correction 
for  a  small  quantity  of  vapour  of  that  substance  which  is  diffused 
through  it.  Tiie  rapid  combustion  of  phosphorus  is  too  violent,  and 
exposes  tho  vessels  to  too  much  risk  of  breaking,  to  be  made  use  of 
for  accurate  experiment. 

All  of  these  methods  are,  however,  liable  to  error  to  the  amount 
of  nearly  1  per  cent.,  which  is  to  be  in  great  part  attributed  to  tho 
small  quantity  of  air  which  the  apparatus  allows  to  be  experimented 


by  Google 


DNSTITUENT 


MOSFKERIC    . 
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Erunner,  and  used  by  bin 
which  the  liability  to  erro: 
the  figure,  a,  6,  c  is  a  tube, 
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ide  proposed  by 
le  determinations  lately  made,  in 
en  reduced  to  0-iO  per  cent.  In 
tig-  of  a  wide  por- 
vider  part  being  = 
drawn  in  «  to  a  capillary  opening.  Into  it  is  intro- 
duced a  quantity  of  loose  cotton  and  some  bits  of 
phosphorus,  and  being  then  warmed,  the  melted 
pbospborus  is  allowed  to  spread  over  the  fibres  of 
the  cotton  so  as  to  expose  a  very  great  surface. 
The  tube  at  c  fits  air-tight  to  the  orifice  of  the  ves- 
sel d,  which  is  graduated  and  filled  with  mercury ; 
a  cock  at  e  allows  the  mercury  to  flow  out  on  oc- 
casion. To  use  this  apparatus,  the  tube  a,  b,  c  is 
weigh.ed,  and  then  attached  to  the  vessel  d ;  the 
cock  e  is  ihen  slightly  opened;  the  mercury  issues 
out  in  a  properly  graduated  stream,  and  its  place  is  s 
which,  entering  at  the  capillary  orifice  a,  streams  o' 
of  the  phosphorus,  by  which  all  its  oxygen  is  removed,  and  the  re- 
sidual nitrogen  passing  into  the  graduated  vessel,  its  volume  can  be 
easily  read  off;  or  the  mercury  which  flows  off  being  caught  in  a 
graduated  glass,  its  volume  is  equal  to  that  of  the  nitrogen  which 
has  passed  in.  Besides  extending  the  surface  of  the  phosphorus, 
and  thus  quickening  the  absorption  of  the  oxj'gen,  the  mass  of  cot- 
ton serves  as  a  filter  to  collect  the  white  fumes  or  flakes  of  phos- 
phorous acid  formed.  When  a  sufficient  quantity  of  air  has  passed 
through  the  apparatus,  the  tube  a,  b,  c  is  to  be  weicrhed  again  ;  the 
increase  of  weight  is  the  quantity  of  oxygen  absorbed,  from  which 
the  volume  may  be  known,  and  the  mercuiy  measured  is  the  volume 
of  the  nitrogen,  from  whence  its  weight  may  be  calculated.  The 
air  must  be  of  course  dry.  This  is  effected  by  securing  to  the  tube 
a,  b,  c,  by  means  of  a  caoutchouc  connector,  a  small  tube  contain- 
ing fragments  of  fused  chloride  of  calcium,  through  which  the  air 
streaming  deposites  the  moisture  it  may  contain. 

The  result  of  all  these  methods  indicates  that  atmospheric  air  con- 
tains from  20-79  to  21'08  of  oxygen  gas  in  100  volumes  ;  and  from 
experiraente  of  Gay  Lussac  on  air  brought  down  by  him  from  a 
height  of  21,735  feet,  to  which  he  had  ascended  in  a  balloon,  and 
those  of  Brunner  for  the  air  on  the  summit  of  the  Faulhorn,  8020 
feet  above  the  level  of  the  sea,  the  constitution  appears  to  be  iden- 
tical at  all  heights.  By  weight,  the  constituents  of  the  atmospheric 
air  in  100  parts  are,  omitting  carbonic  acid  and  water, 

Oxygen  gas =23-04 

Nitrogen  gas =76-96 

100-00 
This  permanency  of  constitution  of  atmospheric  air,  together 
with  many  Other  circumstances  which  I  shall  briefly  notice,  led  to 
the  opinion  among'many  chemists  of  its  being  a  compound,  and  not 
a  mere  mixture  of  its  constituents.  The  analysis  not  being  then  so 
accurately  made,  it  was  supposed  to  consist  of  one  volume  of  oxy- 
gen uiiitod  to  four  volumes  of  nitrogen,  a  simplicity  of  proportion 
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which  characterizes  chemical  union  among  gases.  It  was  also  re 
marked,  that  if  the  nitrogen  and  oxygen  were  merely  mixed,  their 
difFerent  densities  shouid  cause  them  to  separate;  the  heavier  oxy- 
gen accumulating  near  the  earth,  while  the  lighter  «itroge!i  sliouliJ 
occupy  the  higher  regions  of  the  air.  The  former  ground  has  beeir 
completeiy  disproved  hy  kler  research,  and  the  elements  of  air  are 
separated  from  one  another  by  such  feeble  means,  thus,  by  nilria 
oxide,  by  metallic  !ead,  by  agitation  with  water,  &c.,  as  would  be 
unexampled  in  chemistry  among  subatances  of  a  constitution  such 
as  it,  if  a  true  compoand,  should  be  supposed  to  have.  Besides, 
its  density,  its  refractive  power,  its  specific  heat,  are  the  mean 
qualities  of  tbe  oxygen  and  nitrogen  which  form  it ;  circumstances 
which  necessarily  occur  if  it  be  a  mixture,  but  which  do  not  take 
place  in  any  case  of  chemical  combination.  An  artificial  mixture, 
also,  of  oxygen  and  nitrogen  possesses  all  the  properties  of  atmo- 
spheric air. 

It  is  also  not  the  fact  that  gases  of  different  densities  t«nd,  when 
ixed  together,  to  separate,  and  form  different  layers,  in 
cordance  with  their  specific  gravities.     On  the  contrary, 
two  bottles,  containing,  the  one,  a,  a  lighter,  and  the  other, 
n  heavier  gas,  be  connected  by  stopcocks,  ft,  c,  d,  and  al- 
lowed to  stand  for  a  few  hours,  the  bottle  conlainintr  the 
heavy  gas  being  lowest,  they  will  be  found  to  mix,  the  light- 
er gas  finding  its  way  to  the  lower  bottle,  and  the  heavy 
gas  ascending  to  the  bottle  which  is  above.     In  this  process 
the  gases  evince  a  positively  active  power  of  penetrating 
into  the  spaces  occupied  by  each  other;  and  this  occurs 
even  when  they  are  separated  by  membranes,  or  by  masses 
of  porous  earthy  substances.     This  peculiar  property  of 

>  gases  was  first  recognised  by  Dobereiner,  and  then  studied 

by  Mitchell,  but  finally  examined,  and  its  laws  accurately  assigned, 
by  Graham.  When  gases  of  unequal  densities  are  placed  in  con- 
tact with  each  other,  they  tend  to  mix  ultimately  in  a  uniform 
manner;  but  the  rapidity  with  which  they  penetrate  each  other's 
volume,  or,  as  it  is  termed  by  Graham,  the  velocity  of  diffusion  of 
the  gases,  is  unequal,  and  depends  npon  their  densities ;  the  lighter 
gases  diffusing  themselves  most  rapidly,  the  heavier  more  slowly. 
Thus,  if  a  tube  be  closed  at  the  top  by  a  plug  of  plaster  of  Paris, 
which,  whea  dry,  is  very  porous,  and  filled  with  hydrogen  gas,  the 
plug  being  kept  dry,  the  hydrogen  and  the  external  air  tend  to  mix 
across  the  porous  piug ;  but  the  hydrogen  comes  out  more  rapidly 
than  the  air  gets  in,  and  hence  the  water  rises  considerably  in  the 
tube.  Ill  a  similar  way,  if  a  glass  be  filled  with  hydrogen  gas,  and, 
the  top  being  closed  by  a  sheet  of  India  rubber,  a  bell  glass  of  air 
be  inverted  over  it,  the  hydrogen  passing  out  of  the  glass  more  rap- 
idly than  air  enters  to  supply  its  place,  the  sheet  of  India  rubber 
is  gradually  bent  into  the  glass,  and  ultimately  burst  by  the  external 

Eressure.  On  the  contrary,  if  the  small  glass  contain  air  and  the 
ell  glass  hydrogen,  the  membranous  cover  is  gradually  forced  up- 
ward by  means  of  the  excess  of  hydrogen  which  passes  in,  and 
which  finally  breaks  through  it  by  the  elasticity  thus  produced  in- 
side. 
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The  exact  law  of  thedifTuaionofgases  is.  that  the  velocity  of  liilTusion  is 
ly  proportional  to  the  sfjijare  roots  oi'the  specilic  gravities  of  the  gases.  T 
hihiieij  in  the  follow  in  a  table. 


Ammonia    ....  o-58ae    ....  0768L    ,    .    ,    .  lao 

Air lODUO     ....  lOOnO     .     .     .     .   lOK 

Carbonic  acid  .    .    .  1-6339     .    .         .  1-3345    .     ...    81 
Chiorine      ....  a-4700    ....  i-srifl    ....    64 

By  this  tahle  it  will  be  seen,  that  in  the  same  time  in  which  100  volumes  of  at- 
mospheric air  escape  from  a  vessel  tlirough  a  membranous  or  porous  plug,  457 
volnmes  of  hydrogen  pass  in ;  and  if  the  vessel  were  previously  full  of  hydiogen, 
i5T  volumes  will  escape  from  it  (luring  the  entrance  of  100  volumes  of  atmospheric 
air.  If  the  vessel  contained  carbonic  acid,  the  result  would  he  the  passage  of  81 
volumes  in  the  same*  time,  and  so  of  the  other  gases. 

[This  law  is,  however,  entirely  departed  from  when  the  gases  are  separated 
from  one  aniitlicr  by  a  plug  or  ban-ier  which  exerts  upon  them  a  condensing  action, 
anO  the  diffusion  volumes  are  found  to  he  other  than  those  indicated  in  the  forego- 
ing table.  A  fbig  of  stucco  exerts  but  little  condensing  effect  upon  the  gases,  and 
hence  their  difFusion  takes  place  into  one  another  with  a  velocity  inversely  propor- 
tional to  the  square  routs  of  their  densities :  hut  a  thin  lamina  of  India  nihber,  ef 
fecting  a  powerful  condensation,  presents  the  two  gases  to  each  other  with  densi 
tics  that  are  abnormal,  acid  hence  disturbs  their  rate  ol  diSiision. 

Phenomena  of  this  kind  may  be  very  beautifully  sliown  by  means  of  soap-bub 
bles.  If  a  vial  liat  has  bad  a  film,  of  soap-water  spread  over  ite  mouth  be  exposed 
under  9.  jar  to  an  atmosphere  of  ammonia  or  protoxide  cd' nitrogen,  its  borizontdity 
19  instantly  disturbed,  and  it  be^ns  to  assume  a  spherical  conrezity,  and  continues 
expanding  until,  alter  passing  through  a  series  of  briUiant  colours,  it  may  become 
so  thin  as  to  be  almost  invisible.  To  show  the  great  rapidity  with  which  a  gas  or 
vapour  will  pass  through. such  barriers,  if  a  soap-bubble  be  expanded  In  a  vial  con- 
tainmg  a  little  aqua  ammonia,  and  the  air  from  its  interior  be  immediately  with- 
drawn into  the  mouth,  the  strong  caustic  taste  of  the  ammonia  will  be  immediately 
perceived. 

Tiirough  thin  pieces  of  India  rubber  gases  will  diffose  Into  each  other,  tliough 
resisted  by  any  given  pressure.  I  have  found  that  sulphuretted  hydrogen  will  thus 
pass  into  atmospheric  air  against  a  pressure  of  more  ttian  filty  atmospheres.] 

This  law  n(  the  passage  of  gases  through  each  other  is  the  same  as  tliat  for  the 
passage  of  a  gas  into  a  perfectly  empty  space.  If  the  difFereat  gases  be  allowed  to 
strain  through  a  porous  plug  into  a  vessel  from  which  the  air  has  been  removed  by 
tbe  air-pump,  they  will  enter  with  difi^ent  velocities,  j-egulated  by  their  specific 
gravities,  precisely  as  in  the  former  inalance ;  and  hence  it  is  experimentally  de- 
monstrated that  cUfferent  gases  are  ultimately  permeable  to  each  other,  precisely  as 
the  spaces  they  occupy  would  be  if  entirely  empty ;  that  the  gases,  in  fact,  form 
vacua  to  each  other,  but  Uiat  so  far  as  the  law  of  mixture  and  the  final  effect  are 
concerned,  ihe  mixture  taking  place  more  slowly.  In  consequence  of  the  mechani- 
cal oWruction. 

This  general  principle  had,  however,  been  laid  hold  of  by  the  keen  intellect  of 
Daiton,  and  announced  long  before  its  truth  had  been  accurately  proved  in  the  man- 
ner that  has  been  now  described ;  to  him  we  are  indebted  for  the  first  philosophical 
view  of  the  molecular  constitution  of  the  atmosphere;  he  proposed  to  consider  tho 
different  gases  which  exist  in  the  atmosphere  as  being  in  all  points  independent  of 
each  otlier,  mixed  uniformly  in  virtue  of  the  diffusive  power  which  he  had  been 
'  le  first  to  recognise,  and  exerwsijig  pressures  upon  the  suvfaoe  of  the  earth  pro- 
■        ■    "  ""        ■'    e  suppo.ie  100  parts  of  atmospheric  ah-to 


Nitrogen  gas  . 
Oxygen  gas  . 
Watery  vapour 
Carbonic  acid  . 


':  ;?iV»« 


b,  Google 


268    CONSTITUTION  OP  THE    ATMOSPHERE  PERMANENT. 

Pressure  of  the  nitrogen  gas 23764  inches. 

■'  oxygen  gaa 6-912      " 

'■  walery  vapour 03I)U      " 

"  catlionic  aciil  gas 0015      " 

ao  1)00 

The  different  constituents  of  air  are  thus  in  the  state  best  suited 
to  the  purposes  for  which  the  atmosphere  is  destined  ;  no  one  gaa 
eaa  interfere  with,  or  retard  the  others'  action  ;  there  are  no  affini- 
ties to  be  overcome,  or  existing  combinations  to  be  brolieii  up,  before 
the  agency  of  watery  vapour,  of  cnrbonic  acid,  and  of  oxygen  can 
be  brought  into  the. extended  alternations  on  which  the  continu- 
ed and  happy  existence  of  animal  and  vegetable  life  depends,  from 
which  arises  the  diversity  of  aspect  of  our  ever  varying  sky,  and 
the  gradual  detrition  of  tile  solid  rocky  materials  of  the  earth's  sur- 
face giving  a  fruitful  soil. 

By  the  processes  of  combustion  and  of  respiration  which  are  in  ac- 
tion on  the  surface  of  the  earth,  the  oxygen  of  the  atmosphere  is 
continually  removed,  and  an  equal  volume  of  carbonic  acid  gener- 
ally substituted  for  it.  This  carbonic  acid  is  absolutely  a  narcotic 
poison,  and  the  air  becomes  unfitted  for  the  support  of  life  before 
one  half  of  the  quantity  of  oxygen  it  contains  has  been  consumed. 
A  healthy  man  spoils  in  twenty-four  hours,  by  respiration,  720  cubic 
feet  of  atmospheric  air,  that  is,  a  mass  of  air  eleven  feet  square  and 
six  feet  thick.  The  burning  of  three  ounces  of  charcoal  produces 
the  same  effect.  In  many  factories  there  are  burned  daily  leu  tons 
of  coal,  which  deteriorate  at  least  as  much  air  as  the  same  weight 
of  charcoal,  and  hence  each  day,  by  such  a  factory,  there  is  render- 
ed unfit  for  respiration  3,185,760  cubic  yards  of  air,  which  would 
cover  to  the  depth  of  six  feet  a  space  a  quarter  of  a  mile  square. 
Nevertheless,  it  has  been  already  mentioned,  that  even  in  cities,  the 
relative  proportions  of  oxygen,  nitrogen,  and  carbonic  acid  in  the 
air  are  but  little  altered,  and  it  becomes  an  object  of  great  interest 
to  ascertain  in  what  manner  that  permanency,  on  which  the  stabili- 
ty, in  truth,  of  all  organized  nature  seems  ultimately  to  depend,  has 
been  secured. 

In  the  first  place,  from  the  frequent  occurrence  of  storms  and  vio- 
lent currents,  which  agitate  vast  tracts  of  air,  accumulation  of  nox- 
ious gases  or  corrupted  portions  cannot  take  place,  except  in  some 
rare  and  hniited  localities,  which  do  not  affect  the  condition  of  the 
atmosphere  even  near  at  hand  ;  and  although  the  numbers  which 
have  been  shown  as  mdicatmg  the  amount  of  air  destroyed  become 
enormous  when  niuitiplied  by  the  number  of  breathing  beings  and 
the  quantity  of  f«el  burned  on  the  eirth's  surface,  they  yet  bear  but 
a  triflino:  proportion  to  the  immensity  of  the  aerial  ocean  iii  which 
we  live.  The  atmosphere  may  be  considered  as  being,  if  brought 
throughout  to  Its  usual  density  at  the  surface  of  the  earth,  about 
five  miles  deep  ;  and  Preiost  has  calculated  that  the  loss  of  all  the 
oxyiEen  employed  in  respiration  and  combustion  for  100  years  could 
not  diminish  its  quantity  by  -y^Vj  part,  a  quantity  too  trifling  to  be 
detected  by  our  methods,  even  had  the  exact  sciences  flourished 
for  Biifih  3  period  as  to  allow  a  comparison  to  be  made. 

But;  independent  of  this  negative  proof  of  permanence  of  com- 
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position,  science  has  pointed  out,  in  the  peculiar  relations  of  the 
lunctions  of  vegetable  and  animal  beings,  a  provision  of  adaptation 
to  each  other's  wants,  which  retains  the  atmosphere  in  a  condition 
practically  of  eternal  identity  of  constitution,  A  healthy  growing 
plant,  exposed  to  sunlight,  is  found  to  absorb  carbonic  acid,  and  to 
emit  oxygen  from  the  surfaces  of  its  green  leaves.  In  the  dark,  an 
inverse  effect  takes  place,  oxygen  being  absorbed,  and  carbonic 
acid  formed.  The  coloured  parts  of  plants,  ag  flowers  and  fruits, 
absorb  likewise  oxygen,  and  emit  carbonic  acid;  but  as  the  green 
surfaces  preponderate  so  much  throughout  the  vegetable  world,  and 
the  stimulus  of  light  is  active  throughout  the  greater  portion  of  the 
twenty-four  hours,  the  ultimate  effect  is,  that  an  action  the  opposite 
of  that  which  animals  exercise  upon  the  atmosphere  is  constantly 
going  on.  That  which  the  plant  rejects  is  to  the  animal  the  somce 
of  energy  and  of  all  I'ital  powers,  while  the  same  element  which  the 
plant  absorbs,  and  fvom  which  it  forms  its  tissues,  has  been  thrown 
out  as  useless  by  the  animal,  and  would,  if  not  removed,  accumulate 
in  the  end,  and  destroy  all  animal  existence. 

The  most  accurate  experiments  have  determined  that  100  cubic 
inches  of  atmospheric  air,  freed  from  moisture  and  carbonic  acid, 
weigh  31,0117  grains;  the  barometer  being  at  30  inches,  and  the 
thermometer  at  60^.  Its  specific  gravity  is  taken  as  the  standard 
for  gases  and  vapours,  and  is  hence  1000.  It  is  about  780  times 
lighter  than  water  at  40-5°  Fahrenheit,  when  water  is  at  its  greptest 
density,  and  is  "then  also  10,600  times  lighter  than  quicksilver. 

The  weight  of  the  atmosphere  pressing  upon  the  surface  of  the 
earth  is  equivalent  to  about  fifteen  pounds  on  each  square  inch  of 
surface.  The  existence  of  this  pressure  may  be  shown  in  many 
ways  :  a  bladder  or  a  thin  plate  of  glass  may  be  hurst  if  the  pressure 
of  the  air  be  removed  from  one  side  by  the  air-pump  while  it  is  al- 
lowed to  act  against  the  other  ;  a  pair  of  brass  hemispheres,  which 
are  easily  separated  while  filled  by  air,  are  pressed  most  firmly  to- 
gether if  the  air  be  removed  from  their  interior.  This  pressure  is 
equivalent  to  that  exercised  by  a  column  of  mercury  in  a  tube  about 
thirty  inches  high,  and,  accordingly,  an  instrument,  the  common  ba- 
rometer, or  pressure  measurer,  is  thus  constructed,  to  register,  at  ev- 
ery moment,  the  pressure  which  the  atmosphere  exercises.  A  tube 
closed  at  one  end,  and  about  thirty-two  inches  long,  is  to  be  care- 
fully filled  with  pure  mercury ;  it  is  then  inverted  in  a  basin  of  mer- 
cury, and  being  placed  in  a  vertical  position,  the  column  of  mercury 
sinks  to  a  certain  height  in  the  tube,  generally  between  twenty-nine 
and  thirty  inches,  leaving  above  it  a  space  which  is,  at  low  temper- 
atures, the  most  perfectly  empty  that  can  be  experimentally  pro- 
cured. From  the  name  of  the  inventor  of  this  instrument,  it  is  called 
the  Torricellian  vacuum.  If  the  external  pressure  varies,  the  height 
of  the  column  of  mercury  alters  likewise,  rising  when  the  pressure 
increases,  descending  when  it  is  diminished;  and  as  cousiderahJe 
changes  in  the  amount  of  pressure  generally  depend  on  violent  mo 
tions  in  the  air,  which  produce  changes  in  the  weather  also,  the 
barometer  is  popularly  regarded  as  a  weather-glass,  although  no  ac- 
curate indications  of  approaching  changes  can  be  at  all  reckoned  on 
from  its  use. 


by  Google 


270    PRESSURE    AND    EXTENT    OP    Till;    ATMOSPHERE. 

If  the  atmosphere  preserved  throiighoiit  its  entire  mass  ihe  same 
density  and  elasticity  which  it  possessee  at  the  surlace  of  the  earth, 
its  height  would  he  ahout  five  miles.  But  such  is  not  the  case  j 
the  lower  portions  of  the  air,  which  press  upon  the  earth,  are  pressed 
wpon  by  tlie  portions  next  over  them,  ihese  again  by  those  still 
higher  up,  eo  that  the  amount  of  pressure,  and,  consequently,  the 
density  of  the  air,  decreases  continually  as  we  ascend  through  its 
mass.  The  rate  of  diminution  is  even  very  rapid,  forming  a  geo- 
metrical proportion  when  the  heights  are  taken  in  an  arithmetic 
series;  and  on  this  principle  is  founded  one  of  the  most  accurate 
modes  of  estimating  heights  that-  has  been  yet  discovered.  If  a 
barometer  be  carried  to  the  summit  of  a  mountain,  the  column  of 
qin^ksilver  will  be  observed  ^Jj.e  s|iorter  than  it  had  been  upon  the 
plain,  an3~the^fference  being  marke^the  height  corresponding  to 
it  is  determined,  from  a  knowledge  of  the  law  just  stated.  In  prac- 
tice there  are  corrections  depending  on  temperatures  and  other 
causes,  to  which  it  is  not  necessary  to  allude.  So  rapid  is  this  dimi- 
nution of  density,  that  one  haif  of  the  whole  mass  of  the  atmosphere 
lies  within  three  miles  of  the  surface  of  the  earth,  and  four  fifths  of 
it  within  eight  miles.  Hence,  in  those  elevated  regions,  the  lungs 
receive,  even  in  a  deep  inspiration,  but  little  oxygen,  and  the  blood 
not  being  well  arterialized;  causes  the  headaches,  lassitude,  and 
faiatness  which  those  who  ascend  high  mountains  or  in  balloons  feel 
so  severely.  The  lakes  in  the  mountainous  valleys  of  Switzerland 
and  the  Andes  are,  for  the  like  reason,  destitute  offish;  the  water 
holds  no  air  dissolved  to  fit  it  for  their  respiration,  precisely  as 
one  may  kill  a  fish  in  water  by  placing  it  under  the  receiver  of  an 
air-pump  and  abstracting  the  atmospheric  air. 

The  question  of  how  far  the  atmosphere  really  extends  in  space, 
possesses,  in  relation  to  the  views  of  the  ultimate  constitution  of 
matter,  already  noticed,  considerable  interest.  If  the  particles  of 
atmonpheric  air  were  capable  of  division  to  an  infinite  degree,  then 
the  attenuation  which  occurs  in  the  higher  regions  of  the  air  should 
have  no  limit,  and  we  should  look  upon  all  space  as  occupied  by  the 
elements  which  foim  our  atmosphere,  rarefied  to  an  inconceivably 
great  degree,  and  our  earth  as  having  provided  itself,  in  its  course 
through  space,  with  as  much  of  this  circumambient  matter  as,  from 
its  attractive  power,  it  was  able  to  keep  round  it.  If,  on  the  other 
hand,  the  oxygen  and  nitrogen  of  the  air  consist  of  molecules  of  defi- 
nite form  and  size,  these,  being  in  the  gaseous  form,  are  subjected  to 
the  simultaneous  action  of  two  forces  :  one,  the  mutual  repulsion 
which  characterizes  the  gaseous  condition,  and  which  causes  their 
elasticity,  but  which,  diminishing  with  this  elasticity,  must  become 
very  small  in  the  upper  strata  of  our  atmosphere  ;  the  other,  the 
general  attraction  of  the  earth,  which,  though  much  inferior  at  the 
surface,  must,  since  it  diminishes  but  very  little  in  ascending  so  far, 
at  a  certain  point  become  equal  to  the  former,  and  then  all  farther 
espanding  tendency  being  overcome,  the  atmosphere  should  be  ter- 
minated by  a  definite  surface,  similar  iri  form  to  that  of  the  solid  earth, 
having  its  tides  and  currents  like  those  of  our  great  oceans,  and 
from  these  various  fluctuations  in  its  depth,  produce  the  regular 
variations  in  the  height  of  the  barometer,  which,  though  involved 
by  the  irregular  motions  of  much  larger  amount,  have  been  detected 
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The  amount  of  refraction  proves  that  the  sensible  atmosphere 
does  not  extend  beyond  45  miles;  at  least,  if  it  exist  higher  up,  it 
must  be  so  rate  as  to  liave  no  efiect  in  deflecting  a  rny  of  light. 
But  other  considerations  prove  that  the  air  does  not  extend  through 
space.  If  we  had  obtained  our  atmosphere  by  gathering  up,  in  vir- 
tue of  our  attriicting  force,  the  thin  air  which  pervades  all  space,  the 
other  bodies  of  our  system  should  also  possess  atmospheres  whose 
densities  should  represent  the  masses  of  the  bodies  they  include. 
However,  exact  observation  has  shown  that  even  the  largest  bodies 
of  our  system  possess  no  atmospheres.  A  rny  of  light  suffers  no 
bending  in  its  course,  although  it  passes  by  the  edge  of  Jupiter; 
yet,  from  the  imnjense  size  of  that  planet,  it  should  have  collected 
round  it  an  atmosphere  so  dense,  that  by  its  refraction  a  star  shotild 
become  visible  to  us  upon  one  side  of  it  before  it  had  disappeared 
at  the  other.  The  sun,  likewise,  the  gravitating  centre  of  our  sys- 
tem, does  not  possess  a  trace  of  atmosphere  sufficient  to  cause  a 
eensible  refraction. 

Poisson  has  recenllj  suggested  a  view  of  Ihe  constitution  of  our  atmosphere, 
upon  grounds,  however,  so  little  connected  with  experiment  tliat  it  would  uot  be 
a  subject  tor  notice  here,  liad  it  not  been  introduced  to  the  notice  of  chemista 
undur  the  sanction  of  Dumas'a  eloquent  disconrses.  I  will,  tlierefore,  brieflj  describe 
the  tlieorj  he  baa  put  forward. 

The  atmosphere,  as  we  ascend,  grows  colder.  The  source  from  which  the  at- 
mosphere derives  its  beat  is  not  Che  sun,  but  the  solid  earth ;  the  solar  rays  passing 
throuith  the  air  as  the;  pass  through  glass  and  all  transparent  bodies,  withuut  com- 
municating much  of  their  heat.  These  heating  rays  are  absorbed  by  the  dark  and 
rugged  surface  of  the  earth.  From  this  the  layer  of  air  a  ext  to  it  derives  its  warmth, 
and  henc-e,  tlie  farther  from  the  earth  the  air  ia  taken,  the  colder  it  is  found  to  be. 
Hence,  even  under  ijie glare  ofa  tropical  EUn,.there  exiBts  an  elevation  where  (lie 
temperature  never  rises  above  33°,  the  melting  point  of  ice ;  above  that  hei^t  all  is 
eternal  snow.  Farthest  from  the  level  uf  the  aea  at  the  equator,  being  15,000  Teet, 
this  line  of  pei^ietual  congelation  gradually  descends,  until  at  the  poles  it  sinks  below 
the  surface  of  the  earth.  In  these  countries  we  have  no  mountains  with  psrpetual 
snow,  the  line  of  congelation  being  6000  feet  above  the  surface. 

From  tills  source,  also,  are  derived  the  various  phenomena  of  fog-  and  cJoud,  the 
production  of  snow,  of  hail  and  rain.  The  vapour  foncing  at  the  surface  of  a  pond 
is  generated  with  an  elasticity  proportional  to  its  temperature ;  and  when  the  air, 
thus  mixed  witli  vapour,  rises  to  a  higher  and  colder  stratum,  the  elasticity  of  the 
vapour  is  diminished,  and  a  portion  separates  eillier  as  cloud  or  rain.  Tliua,  if  air 
becomes  loaded  with  vapour  at  the  surface  having  a  temperature  of  60°,  and,  on 
ascending,  it  becomes  cooled  to  40°,  the  quantity  of  water  separated  is  thus  found  ■ 

Tlie  elasticity  at  00°  is  0  634  inch  of  mercury. 

40°  is  0  363 
the  difference  is     .    .  0.361  " 

But  £3*  :  361  :  ;  iOO  :  49  8,  or  nrarlj  50,  and  hence  almost  exactly  one  half  of  the 
quantity  of  vapour  carried  up  is  deposited  under  the  form  of  cloud ;  in  addition  to 
this,  another  portion  of  vapour  is  deposited  as  liquid  water,  from  iJie  circumstat^ce 
of  the  diminution  in  volume  of  tiia  inixtaie  of  gas  and  vapour  produced  by  the  low- 
ering of  its  temperature ;  this  is  equal  (0  about  four  per  cent.,  so  ihat  there  leioains 
as  invisible  vapour  only  about  forty-air,  while  fifty-four  per  cent,  are  engaged  in  the 
production  of  the  cloudy  masses.  The  farther  properties  of  clouds,  the  circum- 
stances which  determine  the  production  of  rain,  snow,  or  hail,  are  of  so  little  refer- 
ence to  chemistry  that  I  shall  pass  from  Uiem  without  remark. 

Iteasoning  from  the  principle  that  all  gases  may,  by  suitable  reduction  of  their 
tern  [leva  t<i  re,  be  reduced  to  the  solid  form,  Poisson  proposes  to  consider  tlie  atmo- 
sphere as  being  extended  above  the  earth,  graduatl;  beoomtngmore  attenuated  and 
more  cold,  uutll  it  arrives  at  a  point  at  nhich  it  freezes ;  there  then  should  be  a 
shell  of  transparent  colourless  air-ice,  lined  on  its  concave  surface  witli  a  sea  of 
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liquid  oxygen  and  nitrogen  mixed  or  combined  togellier.  From  such  assumption, 
Piiisson  proposes  to  render  the  ttieory  of  afitronomieal  refractions  more  definite  and 
exact  tlian  it  had  before  been,  but  tliuse  grounda  can  scarcely  he  deemed  sufficient 
to  justify  the  adoption  of  that  idea  as  a  physical  reality.  So  far,  in  fact,  aa  collat- 
eral evidence  can  be  found,  the  fundamental  idea  of  Poiasou's  theory  is  disproved ; 
for  it  results  from  Fourier's  researches  on  the  distribution  of  Heat,  that  the  tem- 
perature of  the  planetary  spaces  cannot  he  below  — 57°  of  Fahrenheit,  a  degi'ee  of 
cold  whici  is  met  with  in  Melville  Island  during  winter,  and  which  has  heeii  far 
exceeded  by  artificial  means.  At  this  temperature  air  shows  no  sign  of  eyeii  he- 
coming  liquid,  far  less  soUd ;  and  licnce  the  supposition  of  such  a  hollow  sphere 
of  frozen  air  cannot  be  granted. 

Compounds  of  J^'iirogen  and  Oxygen. 
Nitrous  oxide  .  .  .  N.  =  14..-0+  0.=  S^W.O  =22-0 
Nitric  oxide  ....  N.=14-0  l-2O.=  16=N.Oi=30-0 
Hyponitrous  acid  .  .  N.=  I4-0+3O.=24.^N.O3=38-0 
Nitrous  acid  ....  Isr.=I4-0+4.O.=32=N.Oj=4f)-0 
Nitric  acid N.=14.-0+5b.=40=N.O;=54-0 

J^ilrous  Oxide.  Protoxide  of  J^itrogen. 
Tliis  substance,  which  exists,  under  ordinnry  pressure,  in  the  gas 
eous  fornij  is  best  and  most  easily  prepared  by  he«ting  to  about  350" 
Fab.  the  crystallized  nitrate  of  ammonia.  Tbis  salt  melts  at  300° 
Fab.  into  a  colourless  liquid,  witbout  being  at  ail  decomposed  or 
losing  water;  but  when  the  temperature  is  raised  to  350%  a  lively 
effervescence  occurs,  and  the  salt  is  totally  resolved  into  vapour  of 
water  and  nitrous  oxide  gas,  an  equivalent  of  nilrate  of  ammonia 
producing  two  equivalents  of  the  gas  and  four  of  water,  thus ; 
N.O,+N.H,O.=^2(N.0.)+4(H.O.) 

Tlic  nitrate  of  amiBonia  may  be  placed  in  the  flask  a,  imbedded 
in  the  little  cup  of  sand. 
A  bent  tube  conducts  the 
gas  evolved  to  the  pneu- 
matic trough,  as  in  the 
figure,  or  to  the  gasom- 
eter, if  tbe  quantity  be 
large.  In  this  process 
the  temperature  should 
not  be  allowed  to  rise  be- 
yond the  point  at  which 
the  effervescence  ismod- 
erately  brisk  ;  for  when 
the  salt  becomes  much 
hotter,  the  decomposi- 
tion is  tumultuously  rap- 
id, and  the  gas  obtained  may  not  be  at  all  pure. 

The  nitrous  oxide  gas  so  obtained  is  perfectly  colourless  and 
transparent  j  it  is  absorbed  by  water  in  moderate  quantity,  and  hence 
the  water  over  which  it  is  collected  should  always  be  heated  to  about 
90-'  in  order  to  diminish  the  loss  of  gas  thus  suffered.  It  is  heavier 
than  air,  ita  specific  gravity  being  I'SST. 

Alighted  taper  bums  with  increased  brilliancy  in  this  gas  ;  and  if 
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blown  out,  may  be  relighted,  provided  a  pretty  large  portion  of  the 
wick  remains  bright  red.  If  the  gas  be  mixed  with  its  own  volume 
of  hydrogen,  it  may  be  inflamed  by  a  taper  or  by  an  electric  spark, 
and  then  br.rns  with  a  loitd  explosion.  If  phosphorus  be  healed  in 
this  gas,  it  inflames  and  burns  with  almost  as  much  brilliancy  as  in 
pure  oxygen. 

In  none  of  these  instances  does  the  nitrous  oxide  enter  into  com 
bination.  It  is  decomposed  by  the  high  temperature  of  the  burning 
body  and  the  affinity  of  this  last  for  oxygen,  and  the  combustion  is 
maintained  by  moans  of  the  oxygen  which  is  thus  disengaged.  After 
the  process  is  completed,  the  nitrogen  of  the  nitrous  oxide  remains 

,  In  this  manner  nitrous  oxide  may  be  analyzed.  If  a  little  bit  of  potassium  or  of 
phosphorus  be  heated  in  a  measured  quantity  of  the  gas  until  the  decomposition  is 
complete,  and  then  the  apparatus  be  cooled  to  its  original  temperature,  it  will  he 
found  that  a  tjuaiitity  of  nitrogen  remains  exactly  equal  in  volume  to  the  nitrous 
oxide  used,,  and  the  quantity  of  oxygen  absorhed  is  such,  that  in  its  gaseous  form 
it  had  exactly  half  that  volume.  ■  The  nitrous  oxide  consists,  therefore,  of  two  vd- 
fimes  of  nitrogen  and  one  of  oxygen  condensed  to  two  volumes,  and  hence  its  spe- 
cilic  gravity  may  be  calculated  thus  ; 

Two  volumes  of  nitrogen  976  x3:=19530 
One  volume  of  oxygen    .  .    .  1103-6 

give  two  volumes  of  nitrous  oxide  3054  6 
and  one  volume  wei^is,  therefore  15S7.3 
By  weight,  the  compositiun  of  nitrolis  oxide  and  its  equivalent 
number  on  each  scaJe  are  expressed  as  follows: 

Nitrogen,  63-9  One  equivalent,  14  0  or  173 

Oxygen,    36-1  "  _8;0  "   100 

lOO^  22^       275 

and  its  formula  is  N.O, 

The  most  singular  property  of  this  gas  is,  that  when  breathed 
pure  for  a  few  minutes  it  produces  a  lively  and  agreeable  intoxica- 
tion, which  does  not  leave  any  lassitude  or  disagreeable  sensation 
when  it  goes  off.  To  prepare  gas  for  being  breathed,  it  is  necessa- 
ry to  attend  to  the  purity  of  the  nitrate  of  ammonia  used,  as  very 
frequently  the  salt  found  in  commerce  contains  muriate  of  ammo- 
nia, in  which  case  the  gas  obtained  may  be  contaminated  by  nitrous 
acid  and  chlorine,  and  prove  very  irritating  to  the  lungs.  To  ob- 
tain the  full  effects  of  the  gas  upon  the  system,  four  or  five  quarts 
must  be  introduced  into  an  air-tight  hag  or  bladder,  and  inspired 
through  a  pretty  wide  glass  tube.  About  two  ounces  of  nitrate  of 
ammonia  yield  sufficient  gas  to  intoxicate  one  person. 

J^itric  Oxide.     Deutoxide  of  JVitrogen. 

This  substance  exists  naturally  under  the  form  of  a  gas,  which 
chemists  have  not,  as  yet,  been  able  to  reduce  to  the  liquid  form.  It 
is  very  easily  prepared,  being  almost  always  the  principal  product 
of  the  decomposition  of  nitric  acid  by  the  metals. 

If  a  small  quantity  of  quicksilver,  or  of  copper  cut  into  smalt  bits, 
be  placed  in  the  gas  bottle  in  the  figure,  and  diluted  nitric  acid,  pre- 
pared by  mixing  equal  volumes  of  the  aquafortis  of  commerce  and  of 
water,  be  poured  in  by  the  funnel  a,  effervescence  is  immediately  pro- 
Mm 
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It  Lompletely  colourless. 

I  process  18  very  simple:  a  quantity  of  nitric 
acid  g'ives  off  three  fifths  of  its  oxygen  to  the  copper,  and  the  ni- 
trogen is  evolved  in  combination  with  the  remaining  two  fifths, 
forming  nitric  oxide.  The  copper,  being  thus  oxidized,  combines 
with  another  portion  of  nitric  acid  to  form  a  fine  blue  salt,  nitrate 
of  copper,  which  exists  in  the  blue  liquor,  and  may  be  obtained  crys- 
'"^ed.     For  complete  decomposition,  four  equivalents 


:  3(N.O, 


icid  and  three  of  copper  are  required,  a 
expressed  as  follows:  4N.O5  and  3Cu. 
(N.O,). 

By  the  action  of  organic  substances,  such  as  starch  o 
nitric  acid,  nitric  oxide  may  also  be  formed  in  afaunda 
not  then  so  uniformly  pare  as  when  obtained  by  mean 
or  coppe. 


ay  be  then 
Cu.O.)  and 

sugar,  upon 
ice,  but  it  is 
;  of  mercury 

lolouriess  and  transparent ;  it  is  scarcely  absorbed  by 
water,  and  may  hence  be,  on  ail  occasions,  collected  over  it.  It  is 
a  little  heavier  than  air,  its  sp.  gr.  being  1039 ;  its  refractive  index 
is  0-876 1.  A  lighted  taper  plunged  into  this  gas  is  extinguished,  and 
a  red-hot  wire  may  be  applied  to  phosphorus  in  it  without  inflaming 
it ;  but  if  the  phosphorus  be  already  set  on  (ire,  it  not  only  continues 
to  burn  when  plunged  into  the  nitric  oxide  gas,  but  the  combustion 
is  almost  as  brilliant  as  in  pure  oxygen.  In  this  case,  it  is  indeed  in 
oxygen,  and  not  in  nitric  oxide,  that  the  combustion  actually  occurs  ; 
for  the  gas  is  decomposed  by  the  high  temperature  of  the  burning 
phosphorus,  and,  being  resolved  into  its  constituents,  the  oxygen  is 
1]^  body  with  which  the  phosphorus  combines,  and  the  nitrogen  re- 
mains untouched. 
'In  lliis  way  nitric  oxide  may  be  analjied.  and  is  found  to  conaist  of  equal  vol- 
nmea  of  nitrogen  and  oxygen  united  witiiout  any  condensation.  From  tfiis  iis  spe- 
cific gravity  may  be  calculated : 

One  volume  of  nitrogen  .  .  .  =  97S  0 
One  volume  of  oxygen  .  .  .  =11036 
give  two  volumes  of  nitric  oxide  S073  6 
of  which  one  is  found  to  weigh  .  ll}39  3 
Its  eqijivalent  volume  is  therefore  4,  and  its  composition  by  wejnhl 
and  ha  equivalent  number  on  ench  scale  are  as  follows: 
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Nitrog-en,  46-93         One  equivalent,     =^175  or  U-0 
Qaygen,    53-05         Two  equivalents,  =200  or  16-0 
100-00  3T5       3\W 

and  Its  formula  is  N.O,. 

Nitric  oxide  may  be  deprived  of  one  half  of  its  oxygen,  and  bo  be 
reduced  to  the  state  of  nitrous  oxide,  by  remaining  in  contact  for 
some  days  with  moist  iron  or  zinc  filings  j  in  tliia  case  its  volume 
is  reduced  to  one  half, 

The  most  remarkable  property  of  nitric  oxide  is  its  tendency  to 
unite  with  oxygen  when  this  last  is  uncombined.  \Nitric  oxide 
cannot  take  oxygen  from  any  other  substance ;  but  when  it  is  mixed 
with  air,  or  with  any  mixture  of  gases,  of  which  oxygen  is  one,  it 
unites  with  this,  forming  deep  red  fumes.  It  is  this  which  causes 
the  red  fumes  in  the  (!ask  in  which  the  nitric  oxide  is  generated. 
The  oxygen,  in  combining  with,  the  nitric  oxide,  may  form  either 
hyponitrous  acid  (N.Os)  or  nitrous  acid  (N.O,),  and  they  are  both 
generally  fornaed  in  uncertain  proportions.  Hence  we  cannot  ex- 
actly calculate  the  quantity  of  oxygen  that  had  been  present ;  and 
this  process  does  not  answer  well  for  gaseous  analysis,  but  it  ia 
useful  for  removing  oxygen  from  a  gaseous  mixture,  which  it  effects 
completely  if  the  nitric  oxide  be  added  in  excess.  The  red  fumes 
so  formed  are  soluble  in  water,  and,  by  washing  the  mixed  gases 
with  water,  may  therefore  be  completely  removed. 

Nitric  oxide  combines  with  a  great  number  of  salts  and  with  some 
acids  to  form  compounds,  which  in  some  respects  possess  consid- 
erable interest :  these  shall  be  noticed  under  those  heads  to  which 
their  history  more  particularly  belongs. 

Hyponitrous  Jlctd. 

The  red  fumes  which  are  formed  when  nitric  oxide  ia  mixed  with 
atmospheric  air  or  oxygen,  consist  in  great  part  of  hyponitrous  acid, 
particularly  when  the  nitric  oxide  is  in  excess.  To  obtain  it  pure, 
four  volumes  of  nitric  oxide  should  be  mixed  with  one  volume  of 
oxygen,  and  the  vessel  containing  the  hyponitrous  acid  vapour  form- 
ed, exposed  to  a  cold  of  about  40  degrees  below  the  freezing  point 
of  water.  The  acid  then  condenses  into  a  deep  green-coloured 
liquid,  which  is  excessively  voiaiiie. 

When  hypoHitrous  anid,  either  in  the  state  of  liquid  or  of  vapour,  is  brought  into 
ooniaot  with  water,  it  is  in  great  part  decomposed,  being  resolved  into  nitric  oxide 
and  nitric  acid,  three  equivalents  of  hyponitrous  acid  {3N.0a)  giving  3(N.0s)  and 
N.Oj.  The  same  occurs  when  it  is  acted  on  by  bases  diasolved  in  water,  and 
hence  the  salts  of  this  acid  can  only  be  prepared  by  indirect  means. 

When  nitre  has  been  kept  meiied  for  some  time,  so  as  to  have  parted  with  a  portion 
ofitaoxygen,  it  is  reduced  to  the  state  of  hyponitrite  of  potash,  N.Oj.K.O.  giving  off 
SO.,  and  leaving  N.O,  .  K.O.  This  ia  known  by  the  hyponitrite  being  decomposed 
by  acetic  acid,  and  giving  off  copious  red  fumes,  while  the  nitrate  of  potash  is  unal- 
terable by  acetic  acid.  The  liyponitrite  of  potash  cannot  be  ei-yslallized  so  as  to 
free  it  from  tiie  excess  of  unaltered  nitre,  but  it  may  be  converted  into  sparingly 
soluble  salts,  aa  those  of  silver  and  of  lead,  and  so  pure  salts  of  hyponitrous  acid 
formed. 

The  specific  gravity  of  the  vapoiu  of  this  acid  has  not  been  experimeatally  detei- 
mined.  It  conaista  of  two  volumea  of  nitrogen  united  to  three  of  oxygen,  but  of 
their  condensation  we  knovt  nothing. 

Its  composition  by  weight  and  its  ei^uivalent  constitution  are. 
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Nitrogen,  37- 11  One  equivalent,        =175  or  li-Q 

Oxygen,  _62-89.         Three  equivalents,  ^300  or  24-0 

iOO-00  475       38-0 

JViirous  ^cid.     MitToso-nitric  Acvl. 

This  substance  pressnts  itself,  like  the  last,  under  the  form  of  deep 
red  fumes,  and  is  produced  when  the  oiygen  is  in  excess  with  regard 
to  the  nitric  oxide.  By  a  cold  of  about  0'  on  Fahrenheit's  scale,  it 
may  be  rendered  liquid.  ,To  form  it  directly,  four  volumes  of  nitric 
oxide  are  to  be  mixed  with  two  voluraea  of  oxygen,  and  the  mixture 
exposed  to  a  great  cold;  but  it  is  more  convenientiy  prepared  by 
meana  of  the  decomposition  of  nitrate  of  lead  by  heat. 

A  quantity  of  finely-powdered  and  dry  nitrate  of  lead  is  to  be  pla- 
ced in  an  earthenware  or  hard  glass  retort,  and  heated  to  full  red- 
ness. The  red  vapours  that  are  produced  are  to  be  conducted  into 
a  receiver,  carefully  cooled  by  a  mixture  of  snow  and  salt.  They 
then  condense  into  a  liquid,  while  a  quantity  of  oxygen  gas  escapes, 
and  oxide  of  lead  remains  behind  in  the  retort.  The  nitric  acid  of 
the  nitrate  of  lead  is  decomposed  into  nitrous  acid  and  oxygen,  as 
follows  :  N.O5 .  Pb.O.  gives  Pb.O.,  free  N.O,  and  0. 

The  liquid  nitrous  acid  is  nearly  (rolourless  at  zero,  at  60°  it  is 
orange  yellow,  and  at  — 40'  it  solidifies  into  a  white  crystalline 
mass.  It  boils  at  82°,  and  its  vapour,  which  is  ruddy  red  at  that 
temperature,  is  almost  perfectly  black  at  212'.  In  these  various 
coloured  states,  it  exercises  remarkable  absorbing  power  on  light. 
The  specific  gravity  of  the  liquid  acid  is  1-451, 

Nitrous  acid  is  the  most  stable  compound  of  nitrogen  and  oxy- 
gen ;  it  is  not  decomposed  by  a  red  heat ;  it  is  decomposed  in  great 
part  by  water,  nitric  acid  being  formed,  and  nitric  oxide  being  given 
oir  as  gas.  Thus,  3(N,0,)  give  N.O,  and  2(N.O,).  The  nitric  acid 
formed  always  protects  a  portion  of  the  nitrous  acid  from  this  reac ' 

When  the  nitrous  acid  is  formed  by  tlio  direct  union  of  nitric  oxide  and  oxygen, 
it  19  found  llial  the  sis  volumes  of  gas  are  condensed  by  combination  into  Iwo; 
hence  the  specific  gravity  of  niiroua  acid  vapour  should  be  3I8I-3 ;  thus. 

One  volume  of  nitrogen 976  0 

Two  volumes  of  oxygen S305-2 

One  volume  of  nitrous  acid    .     .     .    .  3181-3 
Its  composition  by  weight  and  the  constitution  of  its  equivalent 
are  as  follows : 

Nitrogen,  ==30-33         One  equivalent,     =175  or  14-0 

Oxygen,     ^^-67         Four  equivalents,  =400  or  32^0 

iOO^O  575        46-0 

ConaiderabJe  doubt  lias  been  thrown  upon  the  nature  of  this  substance,  for  many 

chemists  regard  it  as  incapable  of  uniting  with  bases,  and  hence  look  upon  it  as  a 

kind  of  acid  salt,  consisting  of  nitric  and  hyponitrous  acids  combined  together) 

2(N.Oj)=N.05-|-K.03.     But  Ial«  researches  have  shown  that  it  does  produce  true 

salts,  and  that  even  many  saline  compounds  which  had  been  supposed  to  be  salts 

of  hyponitrous  acid  really  contain  this  substance ;  thus,  the  yellow  basic  salt,  formed 

by  boiling  a  solution  of  nitraleof  lead  on  metallic  lead,  is  a  true  nitrite.     I  retain, 

therefore,  for  this  body  the  old  name  of  nitrous  acid,  the  more  as  that  of  peroxidfi 

of  nitn^en,  proposed  fur  it  by  Graham,  is  frequently  applied  to  nitric  oxide. 
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JViiric  ^cid. 

N.O,. 

it  IS  found  that  wLen  nitric  oxide  is  brouglit  into  contact  with  a 

great  excess  of  oxygen  over  water,  they  combine  in  tUe  proportion 

of  four  volumes  of  the  first  to  three  of  the  second ;  and  when  the 
red  fumes  which  are  produced  have  dissolved  in  the  water,  that  is 
found  to  be  a  solution  of  pure  nitric  acid.  Looking  to  the  compo- 
eition  of  nitric  oiide,  we  find  in  this  manner  that  the  nitric  acid 
consists  of  tvuo  volumes  of  nitrogen  gas  united  with  five  volumes 
of  oxygen. 

Although  nitrogen  and  oxygen  do  not  unite  at  once  when  directly 
brought  into  contact  with  each  other,  yet  they  are  capable  of  com- 
bining under  certain  circumstances  ;  and  there  is  no  doubt  but  that 
the  great,  if  not  the  only  source  of  nitric  acid  in  nature,  is  the  union 
of  the  nitrogen  and  oxygen  of  the  atmosphere.  Although  nitrogen 
is  not  strictly  inflammable,  yet,  if  some  of  it  be  mixed  with  hydro- 
gen, and  this  mixture  be  set  on  fire,  the  flame  is  coloured  green, 
and  the  water  formed  is  found  to  contain  nitric  acid ;  if  a  series  of 
electric  sparks  be  passed  through  a  quantity  of  air  confined  over  a 
strong  solution  of  potash,  this  gradually  loses  its  alkaline  reaction, 
and  after  a  time  crystals  of  saltpetre  (nitrate  of  potash)  form  in  it. 
This  may  be  shown,  also,  by  simply  moistening  some  litmus  paper 
with  a  solution  of  an  alkali,  and  taking,  by  means  of  it,  a  succession 
of  sparks  from  a  strong  electrical  machine  ;  at  the  point  where  the 
spark  passes,  the  paper  becomes  reddened,  and  that  nitric  acid  has 
been  formed  is  shown  by  its  burning  Jike  touch  paper  when  dried 
and  set  on  fire.  Rain-water,  particularly  that  which  falls  after  a 
thunder  storm,  contains  a  certain  quantity  of  nitrate  of  ammonia; 
the  lightning  forming,  as  the  electric  spark  does,  nitric  acid  in  pass- 
ing through  the  air,  and  this  uniting  with  the  ammonia  wbich  is  al- 
ways present  in  our  atmosphere  from  decomposing  animal  remains. 

In  warm  climates,  where  the  abundance  of  organic  matter  and  its 
rapid  decomposition  pour  into  the  atmosphere  a  copious  suppfy  of 
ammonia,  the  formation  of  nitric  acid  proceeds  with  extraordinary 
energy,  and  the  nitrate  of  ammonia  being  washed  down  by  the  rains 
into  the  porous  limestone  soils,  the  ammonia  is  again  given  ofi^,  while 
the  ground  becomes  coated  with  an  efflorescence  of  earthy  nitrates 
when  it  dries  on  the  cessation  of  the  ram  ;  a  small  quantity  of  ni- 
trate of  potash  is  also  thus  formed,  but  the  nitrate  of  lime,  of  which. 
the  crude  produce  of  nitre  principally  consists,  is  converted  into 
saltpetre  by  means  of  carbonate  of  potash.  ■  In  this  way  there  is 
formed  in  the  East  Indies  a  quantity  of  nitrate  of  potash  sufficient 
to  supply  the  wants  of  Europe,  On  the  Continent,' this  process  is 
imitated  in  artificial  nitre-beds,  and  large  quantities  of  home-made 
saltpetre  are  used  in  France  and  Germany  for  the  manufacture  of 
gunpowder.  In  South  America,  particularly  in  Chili  and  Peru,  there 
are  found  immense  deposites  of  nitrate  of  soda  upon  the  surface  of. 
the  soil,  and  it  is  now  extensively  imported  into  these  countries; 
the  source  of  the  nitric  acid  is,  in  this  case  also,  the  union  of  the 
elements  of  the  atmosphere,  although  the  circumstances  which  sup- 
plied the  alkali  cannot  be  distinctly  seen. 
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It  is  from  the  nitrates  of  soda  or  potash  so  produced  that  the 
nitric  acid  is  always  obtained.  True  nitric  acid  has  never  been  iso- 
lated ;  that  substance  which  is  generally  spoken  of  as  nitric  acid, 
and  which  I  shall,  unless  especially  remarked  otherwise,  be  under- 
stood to  mean  in  the  following  account  of  its  properties  and  prepar- 
ation, is  a  compound  of  it  with  water;  it  is  n  nitrate  of  water,  or,  as 
it  is  popularly  termed,  liquid  nitric  acid,  or  aquafortis. 

To  prepare  liquid  nitric  acid  from  nitrate  of  potash,  equal  weijfhts 
of  this  sah  and  of  oil  of  vit- 
riol are  mixed  in  a  ^lass  re- 
tort, A,  which  is  placed  in 
a  furnace,  supported  in  a 
sand  hath,  as  in  the  figure. 
The  oil  of  vitriol  consists 
of  sulphuric  acid  and  wa- 
ter, and  hy  the  reaction 
ivhich  ensues,  the  sulphu- 
ric acid  combines  with  the 
potash  of  the  nitre,  while 
the  water  of  the  oil  of  vit- 
xiol  uniting  with  the  nitric 
acid,  forms  the  liquid  nitric  acid,  which  distils  over,  and  is  conden- 
mder  the  condensation  more  complete, 
mded  hy  a  net,  and  placed  in  a  trough,  c  c  ;  a  stream  of 
cold  water  flows  continually  on  it  from  the  pipe  i,  and  being  dis- 
tributed evenly  over  the  surface  by  the  network,  flows  out  by  the 
exit  pipe  of  the  trough,  /,  and  escapes  into  d  e.  Using  the  propor- 
tions just  noticed  (equal  weights),  the  quantity  of  sulphuric  acid 
present  is  double  that  necessary  to  neutralize  the  potash  of  the  ni- 
tjre,  and  completely  expel  the  nitric  acid;  for 


The  nitre  consists  of 
One  atom  nitric  acid,  54*0 
One  atom  potash     .     47'3 


Oil  of  vitriol  consists  of 
One  atom  sulph.  acid,  iO-l 
One  atom  water  .     9*0 


These,  reacting  upon  each  other,  should  produce, 
Sulphate  of  potash  consisting  of     Liquid  nitric  acid  formed  of 
One  atom  sulph.  acid,  40-1  One  atom  nitric  acid,  54-0 

One  atom  potash     .     47'3  One  atom  water        ,     9-0 

And  hence  nitre  might  be  decomposed  by  half  its'  weight  of  oil  of 
vitriol;  but  the  following  reasons  prevent  those  proportions  being 
employed  in  practice. 

When  oil  of  vitriol  acts  upon  nitre,  there  is  at  first  but  one  half  of 
the  sulphuric  acid  taken  by  the  potash,  and  the  sulphate  of  potash 
so  produced  unites  with  the  remaining  oil  of  vitriol  (sulphate  of 
water)  to  form  bisulphate  of  potash,  thus,  2(3.0;, .  H.O.)  and  K.O. 
N.Oj  give 

(S.O,  .  H.O.+K.O. .  S.O^)  and  H.O.  N.O;. 

If  there  be  oil  of  vitriol  enough,  the  nitre  is  thus  perfectly  decom- 
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posed  at  a  temperature  not  exceeding:  260'  F.,  and  the  bisu]phale  of 
potash  which  remains  is  very  easily  soluble  and  fusible,  and  may 
hence  be  removed  from  the  retort  without  inconvenience-  But  if 
the  nitre  and  oil  of  vitriol  be  used  in  the  proportion  of  a 


lent  of  each,  o 
to  one  of  oil  of  v 
totally  unacted  on 
finished,  a  pasty  i; 
do  not  fully  act  oi 
The  nitre  is  then  de< 


weight  in  round  numbers  of  two  parts  of  nitre 
iol,  then  one  half  of  the  nitre  remains  at  first 
ifA  the  relort  contains,  when  the  process  is  half 
is  of  bisulphafe  of  potash  and  of  nitre,  which 
ach  other  until  the  temperature  rises  to  iOO", 
^composed;  the  nitric  acid  distils  over,  and 
i  of  neutral  sulphate  of  potash, 
which  can  seldom  be  removed  from  glass  vessels  with  success.  The 
high  temperature  necessary  also  increases  very  much  the  risk  of 
the  apparatus  breaking. 

The  scientific  chemist  and  Ihe  apothecary,  however,  do  not  prepare  nitric  acid ;  it 
(s  made  on  the  large  scale  for  the  purposes  of  the  arts,  and  tlie  processes  of  purify- 
ing the  avid  of  commerce  is  so  simple  that  no  other  source  is  required.  On  the 
great  scale  the  nitric  acid  is  prepared,  not  in  glass  retorts,  but  in  iron  cylinders, 
connected  wilh  condensers,  as  represented  in  the  figures,  one  lieing  a  section  per- 
pendicular to  the  axes  of  tlie  cylinders,  and  the  other  a  section  parallel  to  the  ases: 
the  same  letters  apply  to  both. 


a  13  Ihe  grate  and  d  the  ashpit  of  the  furnace  b  In  eaeh  fm  nace  two  cast  Iron 
cylinders  c  c  are  set  of  such  capacity  that  about  li  cwt  of  tbe  nitrate  used  may 
te  decomposed  at  once.  The  enda  of  the  cjlinder^  are  closed  by  covets,  e,  t,  in 
one  of  wliieh  is  lixed  a  tube,  /,  for  introducing  the  oil  of  vitriol,  and  to  the  other  is 
adapted  a  tuhe  of  glazed  earthenware,  g,  h,  by  which  the  vapours  of  the  nitric  acid 
are  conducted  to  the  range  of  condensing  jars  of  earthenware,  fitted  with  safety 
tubes,  of  which  the  first  is  seen  in  the  figure,  as  h,  I,  k.  The  flues,  m,  m,  m,  pass 
from  the  furnaces  lo  the  chimney,  it.  As  in  this  apparatus  the  tennperature  can  be 
raised  to  dull  redness  without  injury,  and  as  the  residuum  can  be  removed  in  the 
solid  form,  a  smaller  quantity  of  oil  of  vitriol  may  suffice,  and  is  generally  used. 

Since  the  introduction  of  nitrate  of  soda  into  commerce,  it  has  almost  completely 
superseded  nitrate  of  potash  for  maMng  nitric  acid.  It  is  much  cheaper,  and  it 
yields  a  larger  product.  It  does  not  require,  either,  so  much  sulphuric  acid  nor  so 
high  a  temperature.    The  nitrate  of  soda  consists  of 


and  hence  100  parts  of  it  yield  about  74  parts  of  liquid  nitric  acid, 
i)f  nitrate  of  potash  yield  but  63. 

In  making  nitric  acid,  there  always  occurs  at  the  cc 
of  the  process  a  disengagement  of  red  fumes,  which  dissolve 
liquid  acid  which  comes  next,  and  tinge  it  yellow.  This  arises 
the  oil  of  vitriol  in  excess  abstracting  the  water  from  some 
nitric  acid,  which  then  is  decomposed  into  nitrous  acid,  and 
oxygen  becomes  free.     At  the  termination  of  tbe  process,  if  thi 
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perature  pass  miich  beyond  300',  tliere  is  a  new  evolution  of  r 
fumes,  for  the  nitric  acid  is  then  similarly  decomposed  into  N. 
and  0. 

The  strongest  nitriE  acid  tliat  can  bo  thus  made  is  of  specific  gravity  1  521,  e 
consists  of  M.Os+H.O, 


One  equivalent  olm 
One  equivalent  of  w. 


lOUOO 


It  boils  at  187°  F.,  but  cannot  be  diBtilled  williout  partial  decomposition.  The 
acid  is  very  seldom  obtained  of  this  strength.  In  general,  the  specific  gravity  of 
the  strong  liquid  acid  is  1500,  and  it  consists  of  2N.05-|-3H.O.  . 

Two  equivalents  of  nitric  acid    .    .  1080  or  per  cent.  8000 

Three  equivalents  of  water    .    .  ' .    27  0  "  SOOO 

135  0  lOOOO 

"When  the  nitric  acid  is  gradually  mixed  with  water,  the  boiling  point  rises  until 
when  the  speciiie  gravity  is  1-4S0,  it  boils  at  248°.  If  it  be  farther  diluted,  the 
.boiling  point  Is  again  lowered.  At  this  point  the  acid  has  a  definite  chemical  con- 
stitution; it  consists  of  N.06-h4HO. 

One  equivalent  of  nitric  acid  .     .     .    64-0  or  per  cent  60S3 


The  liquid  nitric  acid  is,  when  pure,  completely  colourless  ;  u 
fumes  when  exposed  to  the  air,  and  if  exposed  to  the  direct  solar 
light,  very  soon  becomes  deep  yellow,  while  oxygen,  gas  is  disen- 
gaged; the  same  decomposition  into  nitrous  acid  and  oxygen  gas 
may  be  instantly  effected  by  passing  the  vapours  of  the  acid  through 
a  red-hot  porcelain  tube.  In  a  great  variety  of  processes  where 
Bubstances  are  to  be  oxidized,  nitric  acid  is  employed.  It  acts  with 
lemarkable  rapidity  on  the  generality  of  the  metals  and  of  organic 
bodies,  supplying  oxygen  for  the  constitution  of  a  variety  of  new 
compounds,  and  being  itself  reduced  to  the  state  of  nitric  or  nitrous 
oxjde,  oi  even  pure  nitrogen. 

Il  the  organic  body  do  not  contain  nitrogen,  it  is  generally  ulti- 
mately converted  into  the  oxalic  and  carbonic  acids;  with  animal 
substances,  new  bodies  are  formed  of  a  deep  yellow  colour,  and 
hence  the  stains  produced  upon  the  nails  and  fingers  where  nitric 
acid  touches,  and  it  is  hence  used  for  stamping  the  yellow  patterns 
on  woollen  table  covers.  The  decomposition  of  the  acid  is  gener- 
aUy  accompanied  by  the  production  of  red  fumes. 

In  Its  action  on  the  metals,  nitric  acid  presents  some  remarkable 
anomalies  ,  when  of  the  specific  gravity  of  1-48,  it  may  bo  put  into 
contict  with  tin  or  iron  withoiit  acting  on  those  metals,  although, 
if  a  little  stronger  or  weaker,  its  action  is  very  great ;  and  this  inao 
live  acid  may  be  brought  into  activity  by  various  means,  as  by  touch- 
ing the  immersed  metal  with  another  different  one.  These  phenom- 
ena appear  to  involve  conditions  probably  electrical,  which  are  not, 
as  yet,  completely  understood. 

The  nitric  acid  prepared  by  decomposing  nitre  by  half  its  weight 
of  oil  of  vitriol,  is  always  of  a  deep  red  or  orange  colour,  owing  to 
a  quantity  of  the  acid  having  been  decomposed  into  nitrous  acid, 
which  remains  dissolved.    This  deep-coloured  acid  is  frequently 
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useful,  as  it  gives  off  oxygen  still  more  easily  tlian  the  pure  acid, 
and  is  hence  sometimes  applicable  as  an  oxidising  agent  where  the 
colourless  acid  fails.  A  deep  red  fuming  acid  may  be  prepared  by 
passing  a  stream  of  nitric  oside  gas  through  the  colourless  acid ;  it 
is  absorbed  in  great  quantity,  and  the  liquor  assumes  successively 
various  shades  of  yellow,  green,  and  red,  according  to  its  state  of 
dilution.  The  nitric  oxide  (N.O^)  decomposes  the  nitric  acid  (N.OJ, 
and  forms  nitrous  acid  (N.O4),  which  dissolves  in  the  excess  of  liquid 
acid.  If  it  be  required  to  obtain  a  colourless  acid,  it  is  sufficient 
that  the  coloured  acid  should  be  boiled  for  a  few  minutes;  all  the 
nitrous  acid  fumes  pass  off,  and  the  nitric  acid  remains  colourless, 
though  somewhat  weaker. 

I  have  mentioned  that  the  nitric  acid  is  not  prepared  on  the  small 
Bcale,  as  the  commercial  aquafortis  is  easily  purified.  The  impuri- 
ties of  it  are,  generally,  chlorine,  arising  from  the  nitre  employed 
having  contained  common  salt;  sulphuric  acid,  from  some  having 
been  distilled  over  by  too  great  heat;  and  some  iron,  arising  from 
the  cylinders  or  stoneware  bottles  in  which  the  acid  is  preserved. 
These  may  be  easily  detected  ;  on  mixing  a  few  drops  of  the  com- 
mercial acid  with  half  an  ounce,  of  distilled  water,  a  drop  of  solution 
of  nitrate  of  barytes  will  give  a  precipitate  if  sulphuric  acid  be  pres- 
ent ;  nitrate  of  silver  will  indicate,  by  a  precipitate,  the  presence  of 
chlorine  ;  while  a  little  solution  of  yellow  prussiate  of  potash  will 
form  Prussian  blue  if  the  acid  contained  any  iron.  From  these  im- 
purities the  acid  may  be  freed  by  being  redistilled;  the  chlorine 
passes  off  along  with  the  portions  which  first  come  over,  and  by 
thus  testing  from  time  to  time  the  acid  which  is  thus  obtained,  it 
will  be  found  no  longer  to  precipitate  the  nitrate  of  silver,  and  may 
.then  be  considered  pure  ;  the  iron  and  sulphuric  acid  remain  behind 
in  the  retort,  provided  the  distillation  be  not  pushed  too  far.  I  have 
found  that  from  twelve  pounds  of  commercial  aquafortis  there  can 
be  obtained  eight  quite  pure,  three  being  allowed  to  come  over  first 
to  carry  off  the  chlorine,  and  one  being  left  in  the  retort  with  the 
fixed  impurities. 

The  detection  of  nitric  aCid  is  not  difficult;  it  cannot  be  recog- 
nised by  forming  precipitates,  as  all  its  neutral  salts  are  soluble,  but 
its  properties  are  very  marked.  1st,  The  production  of  red  fumes 
by  nitric  oxide  when  it  is  brought  into  contact  with  a  metal,  is  char- 
acteristic of  it.  2d,  When  a  drop  of  nitric  acid  is  added  to  water 
tinged  blue  by  sulphate  of  indigo,  and  the  mixture  boiled,  it  is 
bleached  by  the  oxidizement  of  the  indigo  hy  the  acid.  3d,  When 
a  small  crystal  of  protosulphate  of  iron  is  placed  in  contact  with 
water  containing  nitric  acid,  a  ring  of  deep  olive-coloured  liquid 
forms  round  it,  according;  as  it  dissolves ;  from  one  portion  of  the 
protosulphate  reducing  the  acid  to  the  state  of  nitric  oxide,  which 
then  combines  ivith  the  remaining  protosulphate.  4lh,  Nitric  acid 
confers  upon  muriatic  acid  the  powor  of  dissolving  gold  leaf,  but 
this  test  is  not  of  such  distinctness  as  the  others,  from  the  same 
effect  being  produced  by  the  chloric  and  some  other  acids,  5th, 
Nitric  acid  may  also  be  dietinguishod  by  the  deep  red  colour  it  pro- 
duces with  a  crystal  of  morphia. 

For  tho  detection  of  a  small  qiiantity  of  nitric  acid,  the  best  plan 
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is  to  neutralize  the  liquor,  if  it  he  acid,  by  a  solution  of  potash,  and 
to  evapomte  to  dryness.  The  salt  so  obtained  crystallizes  in  sharp 
needles,  and  deflagrates  when  placed  on  ignited  charcoal ;  heated  with 
a  little  bisulphate  of  potash  and  some  copper  filings,  it  evolves  copiowa 
red  fumes,  and  with  a  drop  of  sulphuric  acid  and  a  crystal  of  pro- 
toaulphaleofiron,  produces  the  olive-coloured  liquor  already  noticed. 
Ail  solid  compounds  of  nitric  acid,  such  as  the  basic  nitrates,  may 
be  recognised  in  this  way. 

The  nitric  acid  not  being  isoiable,  we  do  not  know  the  state  of 
condensation  of  its  elements,  which  are  united  in  the  proportion  of 
two  volumes  of  nitrogen  to  five  of  oxygen.  Its  composition  by 
weight  and  its  equivalent  numbers  are  as  follows  : 

Nitro<ron,  26-15  One  equivalent,     =115  or  14-0 

Oxygen,    73-85  Five  equivalents,  =500  or  40  0 

100^6  675       54-0 

The  speciiicgravityofthe  vapour  of  the  liquid  nilric  acid,  H.O. .  N.O^,  is  not  known; 
but  Uineau  lias  foanil  the  sp.  yr.  of  the  vapour  of  ilie  liquid  aoiil,  whicii  Iwila  at  248", 
H.O.  .  N.O^aH.O.,  to  be  1243,  which  miglit  result  from 

Two  volumes  of  nitrogen 976x3=19530 

Five  volumes  of  oxygen H03  8x5=55130 

Eight  volumes  of  watery  vapour    .     .     .     ,      6301  x  8 =49 60  8 

condensed  into  ten  volumes 1 3435  8 

of  wliioh  one,  therefore,  should  weigh 1243-6 

lliis  result  requires  confirmation. 

Sulphur. 

This  substance  exists  in  large  quantity  in  nature  in  combination 
The  most  important  ores  of  copper,  lead,  silver,  mercury,  antimony, 
and  many  other  metals,  are  their  sulphurets ;  and  a  great  quantity 
of  the  sulphur  at  present  used  in  commerce  is  derived  from  the  iron 
pyrites,  bisulphuret  of  iron.  Sulphur  is  exhaled  in  large  quantity 
also  from  solcanoes,  partly  uneombined,  partly  in  the  state  of  sul- 
phuret  of  hydrogen,  arising  probably  from  the  decomposition  of  me- 
tallic sulphurets  by  the  high  temperature  in  the  interior  of  the  earth. 
The  native  sulphur  so  produced,  condensing  in  fissures,  constitutea 
the  great  deposites  of  volcanic  sulphur  of  Sicily  and  other  places, 
which  supply  a  large  proportion  of  that  employed  in  commerce.  It 
exists  also  native,  combined  with  oxygen  and  various  metallic  oxides, 
forming  native  sulphates,  of  which  those  of  lime  and  of  barytes  are 
the  most  abundant.  In  many  organic  bodies,  also,  sulphur  exists  as 
a  constituent,  as  in  tlie  white,  and  particularly  the  yolk  of  egg,  the 
hair,  the  horns,  and  hoofs  of  animals,  and  in  the  black  mustard-seed 
it  exists  in  considerable  quantity. 

At  ordinary  temperatures  sulphur  exists  generally  as  an  opaque 
solid,  ap,  gr.  ]-98.  When  heated,  it  melts  at  226°  into  an  amber- 
coloured  thin  liquid;  if  the  temperature  be  then  raised  to  about 
400',  it  becomes  dark  brown,  opaque,  and  so  thick  that  the  vessel 
containing  it  may  be  inverted  without  its  pouring  out ;  but  when  heat- 
ed farther  it  becomes  thinner,  until  at  601°,  its  boiling  point,  it  is  as 
thinand  limpid  as  when  first  it  began  to  melt.  If  the  sulphur,  when 
just  melted,  be  allowed  to  cool  slowly,  and  the  internal  liquid  be 
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poured  out  when  the  outer  crust  has  solidilied,  the 
interior  wiH  be  found  lined  with  crystals,  as  in  the 
figure,  which  have  the  form  of  the  oblique  ihomhic 
prism,  of  which  a  common  modification  with  second- 
ary faces,  and  the  surfaces  of  the  octohedron,  which 
determines  the  heiglit  of 
the  principal  axis  of  the 
crystal,  is  given.  These  crystals,  when 
first  obtained,  aie  transparent  and  amber- 
coloured,  but  after  a  few  days  they  be 
come  opaque,  sulphur  yeliow,  and  friable, 
being  then  changed  into  the  dimorphous 

If  the  thick  tenacious  sulphur  at  400"  be  suddenly  cooled  by  im- 
mersion in  a  large  quantity  of  water,  it  forms  a  soft  and  transparent 
mass  of  considerable  elasticity,  and  may  he  drawn  out  into  long 
threads  like  India  rubber ;  after  some  time,  however,  it  changes 
into  the  ordinary  state. 

Sulphur  is  used  in  pharmacy  under  two  forms,  that  of  roll  and 
flowers  ;  the  former  is  made  by  melting  the  rough  native  sulphur, 
and  pouring  it  info  slightly  conical  moulds,  in  which  it  solidifies. 
The  flowers  of  sulphur  are  formed  by  the  condensation  of  the  va- 
pour of  sulphur  so  rapidly  that  the  molecules  have  not  time  to  form 
crystals  of  any  perceptible  size,  so  that  the  condensed  sulphur,  al- 
though realty  crystallme,  appears  to  the  sight  and  touch  as  an  im- 
palpable soft  powder. 

For  tlie  manufaeture  of  flowers  of  sulphar.  the  apparatus  is  arranged  as  in 
llie  subjoined,  figures,  in  which  A  is  a  vertical  and  B  a  horizontal  section,  to  which 


the  same  letters  refer.  In  an  apartment  and  shed,  M,  M,  a  chamber,  A,  is  con^ 
strucled,  which  must  have  at  least  2000  eubic  feet  capacity.  Outside  of  Ihia  chem- 
ber  is  an  iron  pan,  c,  in  which,  by  a  lire  at  o,  the  sulphur  is  kept  gently  boiling.  The 
boder  and  lireplace  must  be  completely  surrounded  by  brickwork,  eo  tliat  as  little 
heat  as  possible  may  be  communicated  to  the  vaulted  chamber,  A ;  the  diaught 
from  the  fire  passes  to  the  chimney,  g ;  the  pan  is  supplied  with  suiphnr  by  the 
door,  n,  which  can  be  closed  air-tight ;  the  vapour  of  sulphur  mixes  with  the  air  in 
the  wide  space,  d,  over  the  boiler,  and,  passing  through  the  apertnre  J,  rises  into 
the  chamber,  where,  mixing  with  the  large  mass  of  cold  air,  the  sulphur  is  con- 
densed, and  falls  like  a  fine  snow  shower  upon  tl.e  floor  underneath.  When  a  suf- 
ficient quantity  of  the  flowers  of  sulphur  have  bjjen  thus  formed,  they  are  removed 
by  the  door  at  p.  If,  at  the  commencement  of  ihe  process,  the  mixture  of  sulphur- 
vapour  and  air  should  infiamn,  the  explosion  r^ens  the  valve  at  e,  the  gases  escape 
at  I.  and  all  danger  is  avoided. 

The  form  of  crystal  of  sublimed  sulphur  is  the  right  rhombic  oc- 
tohedron, of  which  a  common  modification  is  represented  in  the 
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n.  Sulphur  is  found  crystallized  in  this  form  on 
Iges  of  the  craters  of  most  volcanoes,  the  crys- 
tals being  transparent,  and  sometimes  of  considerable 
When  sulphur  is  deposited  from  its  solution  in 
ihloride  of  sulphur  or  in  siilphuret  of  carbon,  it  is  in 
his  form  also  that  its  particles  arrange  themselves. 
Sulphur  may  be  obtained,  however,  in  a  state  of 
much  more  minute  division,  and  destitute  of  all  crys- 
lalline  structure,  by  precipitation  from  soiution.  Thus,  if  the  per- 
aulphuret  of  potassium,  K.Sj,  he  decomposed  by  muriatic  ncid,  four 
eqnivalents  of  sulphur  are  set  free,  and  separate  as  a  milk-white 
powder.  This  constitutes  the  Sulphur  Precipiiatum  of  pharmacy. 
In  all  cases  where  sulphur  is  precipitated  from  a  cold  solution,  it  is 
pure  white. 

Sulphur  is  not  soluble  in  water  or  in  alcohol ;  it  dissolves  in  the 
oils,  still  more  in  those  liquids  mentioned  above.  It  dissolves  in 
alkaline. solutions,  or  in  milk  of  lime  ;  but  there  then  occur  complex 
reactions,  which  will  be  studied  hereafter. 

When  sulphur  is  boiled  it  forms  a  deep  yellow  vapour,  the  specific 
gravity  of  which  is  664S.  Sulphur  evaporates,  however,  very  rap- 
idly long  before  it  boils,  and  even  forms  some  vapctur  below  its 
melting  point.  At  a  temperature  of  about  300'  it  takes  fire,  burning 
with  a  bluish  violet  flame,  and  forming;  sulphurous  acid  (S.Oj), 

The  resemblance  of  sulphur  lo  oxygen  in  its  chemical  relations  is  very  striking , 
by  combining  with  the  same  bodies,  according  lo  the  same  proportions,  they  gener 
ate  completely  parallel  classes  of  acids,  bases,  and  salU,     Thus,  with  carbon  and 
potassium,  lliere  are  formed 
C.Oj  Carbonic  acid.  |      C.Sj  Sulpho- carbonic  acid. 

K.O.  Oxide  of  potassium.  ,  K,S,  Siilphmet  of  potassium. 

K.O.  .  C.Oa  Carbonate  of  potassium.  K.S. .  C.Ss  Sulpho-carbonate  of  potas- 

and  with  arsenic  and  potassium, 
As.O  Arsenic  acid. 
K.O.   Oxide  of  potassium. 
K.O.  .  As.05  Arseniate  of  potasi 


K.S.  .  As.S' 


In  like  manner,  the  similar  compouniJs  re504  and  FcsS^  are  not  altered  by  heat, 
but  are  magnetic,  while  Fe.Sj  and  Mn.Os  give  out  oxygen  and  sulphur,  anil  are  re- 
duced to  FejS,  and  MnsO,.  I  sliallhave  frequent  occasion  to  revert  to  these  con- 
siderations, whieli  have  already  been  noticed  under  another  point  of  view  (p.  238). 
The  equivalent  number  of  sulphur  is  16-1  or  201-2,  and  its  noro- 
bining  volume  one  third  that  of  oxygen. 
Sulphur  combines  with  oxygen,  forming 

Sulphurous  acid S.O,. 

Sulphuric  acid S.Oj,  or    S.O, .  0. 

Hyposulpliurous  acid     ....     SA,  or    S.O, .  S. 
Hyposulphurie  acid       ....     S^Os,  or  2S.0, .  0, 

Sulphurous  Jlcid, 

Sulphurous  acid  exists  at  ordinary  temperature  and  pressure  in 

the  gaseous  form;  it  is  one,  however,  of  the  most  easily  liquefied 

gases.    It  is  produced  always  when  sulphur  hurns  either  in  air  or 

.n  pure  oxygen,  sulphur  not  being  capable  of  passing;  directly  to  a 
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higher  degree  of  oxidation.     In  the  burning  of  sulphur,  the  volume 
of  sulphurous  acid  gas  formed  is  exactly  equal  to  that  of  the  oxygen 


When  required  pure,  it  is  prepared  generally  hy  decomposing 
sulphuric  acid  by  means  of  a  metal  not  very  easily  oxidized,  as 
mercury  or  copper.  The  metal  comhines  with  one  atom  of  the  ox- 
ygen of  the  sulphuric  acid,  and  the  sulphur,  ivith  the  remaining  two 
atomsof  oxygen,  pass  off  as  sulphurous  acid  gas;  the  oxide  formed 
unites  with  the  remaining  sulphuric  acid  to  form  a  salt.  Thus,  if 
mercury  be  used,  S.Oa  and  Hg.  give  S.Oj  and  Hg.O,,  and  Hg.O,  unites 
with  S.Oj  to  form  sulphate  of  mercury.  If  the  heat  be  not  raised 
beyond  200°  in  this  process,  it  is  black  oxide  of  mercury  which  is 
produced  (HgjO.),  but  above  that  degree  the  red  oxide  (Hg.O.)  alone 
IS  formed. 

Sulphurous  acid  gas  may  also  be  very  simply  prepared  by  heating 
three  parts  of  flowers  of  sulphur  with  four  of  peroxide  of  manga- 
nese. The  reaction  is  very  simple ;  one  part  of  the  sulphur  uniting 
with  the  metal,  and  another  with  the  oxygen,  form  solphuret  of  man- 
ganese and  sulphurous  acid  ;  thus,  Mn-O^  and  2S.  give  Mn.S.  and 
S.Oj.  The  apparatus  used  in  these  processes  may  be  that  figured 
under  the  heads  of  oxygen  {p.  244)  or  nitrous  oxide  (p.  272). 

Sulphurous  acid  gas  is  absorbed  by  water;  and  hence,  in  order 
to  examine  its  properties  in. that  state,  it  must  be  collected  over 
mercury.  It  is  colourless  and  transparent,  possessing  an  odour  pe- 
culiarly irritating  (the  smell  of  burning  sulphur),  and  cannot  be 
breathed.  It  is  not  combustible,  nor.  does  it  support  combustion, 
[t  bleaches  a  variety  of  vegetable  and  animal  bodies,  and  is  hence 
used  in  the  arts  to  whiten  straw  bonnets,  corn,  silk,  sponges,  and 
other  substances.  The  bleaching  is  produced  by  the  sulphurous 
acid  combining  with  the  coloured  substance,  and  forming  a  white 
compound,  from  which  the  gas  gradually  escapes  on  exposure  to 
air,  and  hence  such  bleaching  is  not  permanent.  The  sulphurous 
acid  may  be  expelled,  also,  from  this  kind  of  compound  by  a  stronger 
acid,  and  the  colour  generally  restored  ;  thus,  if  a  red  rose  be  ex- 
posed to  the  fumes  of  burning  sulphur,  it  becomes  completely  white ; 
but  if  washed  in  dilute  sulphuric  acid,  its  red  colour  is  perfectly 

The  specific  gravity  of  sulphurous  acid  gas  is  2210-6,  and  it  is 
formed  by 

One  volume  of  sulphur- vapour 6648-0 

Six  volumes  of  oxygen .     66I5'6 

The  seven  volumes  condensed  to  six,  give  .     .   13263.6 
"Weight  of  one  vokme  of  S.O, "22T0^ 

,    When  this  gas  is  exposed  to  a  cold  of  0'  F.,  it  condenses  into 
liquid  heavier  than  water,  which  boils  at  14°,  and  produces  by  its 
evaporation  a  very  intense  cold  ;  it  ^^_^___^^^ 

is  easily  obtained  in  the  liquid  form        q^  ^— — -"'""tlZ-^^^''^!!'^  ? 
byputtingaquantity  of  mercury  and    ^  '■^^ 

oil  of  vitriol  into  a  tube,  and  sealing   ^^""^  ""^ 

up  the  ends,  as  in  the  figure ;  on  applying  heat  to  the  extremity  o. 
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containing  those  materials,  and  cooling  the  other  end  by  means  of 
ether,  the  gas  evolved  is  liquefied  by  its  own  pressure,  and  collects 
in  quantity  at  b. 
When  a  large  quantity  of  sulphurous  acid  is  required  dissolved  in  water,  or  when 
it  is  to  be  employed  to  form  com- 
pounds with  bases,  it  may  be  pro- 
duced in  a  much  cheaper  way  than 
tl  ose  described  above.  Into  a  mat^ 
rass  a,  placed  in  a  furnace,  is  in- 
troduced a  quantity  of  well-burned 
cha  coal,  in  bits  about  the  size  of  a 
bazel-out,  and  by  meanaof  the  safe- 
ty funnel  /,  us  much  oil  of  vitriol  is 
poured  in  as  that  the  mixture  shall 
I  dit  lill  the  vessel ;  a  tube  passes  la 
b  tie,  i,  containing  some  water  to 
V  a  the  gas  from  any  adhering  sul- 
p  u  c  acid,  and  it  is  then  conduct- 
1  y  the  tube  /,  which  passes  to 
t  e  bottom  of  the  vessel  h,  contain- 
I  ng  the  liquor  in  which  ttie  gas  is  to 
J  bedissolved.  On  applying  heat,  the 
carbon  of  the  charcoal  abstracts 
from  tl  e  sulphur  o  ac  d  one  th  rd  of  ts  oxygen  so  tl  at  witii  C.  and  SS-O^  there  are 
formed  0.0,  and  SS.O, ,  there  is  produced  a  mixture  of  two  volumes  of  sulphur- 
ous acid  and  one  of  carbonic  acid,  which  last  cannot  enter  into  combination,  and 
passes  oITfrom  tlie  apparatus  without  change. 

Water  dissolves  about  thirty-seven  times  its  voiuoie  of  sulphurous 
acid  ;  the  solution  possesses  the  properties  of  the  gas  in  a  very  high 
degree,  and  bleaches  vegetable  colours  with  great  power ;  when 
kept  for  some  time,  it  gradually  absorbs  oxygen,  and  the  sulphurous 
becomes  changed  into  sulphuric  acid. 

The  sulphurous  acid  is  one  of  the  feeblest  acids,  and  is  expelled 
from  its  combinations  by  almost  all  but- the  carbonic  acid.  Of  its 
suits,  those  which  are  soluble,  all  possess  alkaline  reaction. 

The  sulphurous  acid  passes  into  the  state  of  sulphuric  acid  by 
absorbing  oxygen  from  many  bodies ;  thus,  when  it  is  healed  with  a 
solution  of  gold  or  silver,  or  of  mercury,  these  metals  are  reduced 
to  the  metallic  state ;  others  yield  but  a  part  of  their  oxygen ;  thus 
the  peroxide  of  iron  abandons  a  third,  and  the  black  oxide  of  copper 
one  half  of  that  constituent. 

The  salts  of  sulphurous  acid  possess  the  same  deoxidizing  power. 
The  composition  and  equivalent  of  sulphurous  acid  are  as  follows : 

Sidphur,  50-14  One  equivalent,     =201'2  or  I6a 

Oxygen, ^-86  Two  equivalents,  =200  0  or  16-0 

100^  40F2        32-1 

Sulphuric  Jlcid. 

S.0„ 

Sulphiiriis  acid,  one  of  the  most  important  compound  bodies,  from 

the  energy  of  its  action,  and  the  variety  of  combinations  which  it 

forma,  is  not  produced  by  the  direct  union  of  oxygen  and  sulphur 

in  any  case,  but  arises  fi-om  the  combination  of  sulphurous  acid  with 

another  quantity  of  oxygen.     Thus,  by  the  action  of  sulphurous  acid 

on  the  easily  reducible  metallic  oxides,  sulphuric  acid  is  produced. 

This  principle  is  beautifully  shown  by  passing  a  mixture  of  sulphur- 


by  Google 


PKEPAHATION     OF     S  U  I.  F  H  U  H  I  C     ACID.  287 

Oils  acid  gas  and  air  through  a  tul)e  filled  with  spongy  platinum, 
and  heated  to  dull  redness,  when  there  issues  from  the  extremity  a 
mixture  of  vapour  of  sulphuvic  acid,  mixed  with  the  residua.!  nitro 
gen  of  the  air ;  by  such  processes,  however,  it  could  not  be  formed 
m  fjuantittes  suited  to  the  purposes  of  commerce. 

The  preparation  of  sulphuric  acid  is  effected  upon  the  large  scale 
by  bringing  sulphurous  acid,  produced  by  the  burning  of  sulphur, 
into  contact  with  watery  vapour  and  nitrous  acid  fumes  ;  these  unite 
to  form  a  white  crystalline  solid,  which  appears  to  be  a  compound 
of  sulphurous  acid  and  nitrous  acid  i^S.Oi+N.OJ,  uniled  with  a  quan- 
tity of  sulphuric  acid  and  water  which  is  not  constant  The  forma 
tion  of  ihia  substance  may  be  shown  by  the 
figure.  The  central  vesael  the  mner  surface  oi  \ 
moistened,  contains   atmospheric  ^ 

air ;  by  means  of  the  tubes    «  I  ~^ 

phurous  acid  gas  generated  m  the 
flask  a,  and  nitric  oxide  forme  1  m   | 
b,  are  introduced,  to  the  latter  of 
which  the  oxygen  is  supplied  bj 
the  air  to  form  nitrous  acid  iume**,  | 
the  interior  of  the  vessel  becomes 
gradually  covered  with  i  deposife   , 
like  hoar-frost,  consisting  of  this 
substance;  and,  in  order  that  its 
production  may  proceed  without  " 
interruption,  the  vessel  may  be  filled  with  fr(,sh  itmoapheric  tii  bj 
ing  through  one  of  the  tubes  c  d  V:h\le  the  lesid  al  sfscs  are 


ixpelled  through  the  other 
This  crystalJint       ' 


3  is  decomposed  by  a  larger  quantitj'  of 
of  water,  the  crystalline  substance  fallin 


water;  hence,  if  the  bottom  of  the 


'I  be  covered  by  a  layei 


a  resolved  into  sulphuric  and  hyponitric  acids;  thus  S. 
DjfN.O,!  gives  S.O3  and  N.O^,  which  last  is  decomposed  by  the 
■water  into  nitric  acid  and  nitric  oxide,  3N.0a  giving  N.Oj  and  2 
N.O.;  the  nitric  acid  remains  cotnbined  with  the  water  along  wilh 
the  sulphuric  acid,  while  the  nitric  oxide  escaping  with  effervescence, 
generates,  on  arriving  at  the  air,  a  new  quantity  of  red  fumes,  and 
oxidizes  a  new  quantity  of  sulphwrous  acid. 

It  iras  supposed  that  a  certain  quantity  of  water  was  necessary  to  the  cxialence 
□f  this  solid  body,  altliaiigh  a  larger  quantity  decomposed  it ;  hut  it  has  t>ceii  round 
that  a  sintilar  sul^tance  may  be  formed  which  cuntiins  no  water.  Sulphurous  and 
nitrous  acids  do  not  act  on  each  other  when  in  tlie  gaseaua  form,  unless  water  he 
pittsent;  hut  tliej  combine  if  placed  in  contact  under  considerable  pressure,  and 
liquid,  even  when  completely  dry.  A  portion  of  the  nitrous  acid  cimvertB  an  cqniv- 
aU^nl  of  the  sulphurous  acid  into  sulphuric  aidd,  it  being  itself  reduced  to  Ihe  state 
of  hyponitrous  acid,  while  another  quantity  of  nitrous  and  sulpliuroua  ticid  unites 
direeUy  ;  there  are  thus  formed  from  SS.O>  and  SN.O^  a  white  ciTStall  ne  toM 
8.0,  .  N.Oj+S.O,,  and  a  quantity  of  N,0„  which  is  given  off  on  the  tube  in 
which  the  combination  is  produced  being  opened. 

It  may  be  questioned,  however,  whether  this  substance,  fnr  the  di'icovery  and 
analysis  of  which  we  are  indebted  to  M.  de  I'revostaye,  interferes  m  the  fi)imation 
of  sulphuric  acid  on  the  large  scale,  where  the  nitrous  and  sulphurous  acids  act  on 
one  another  in  the  gaseous  forms. 

In  the  mannfacture  of  sulphuric  acid,  the  apparatus  consists  of  a  long  leaden 
cUainber  cuiisiating  of  two  portions  ;  the  lower  a  tray  of  about  li  feet  deep,  the 
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other  a  quadrangular  bell,  ■which,  being  suspended  on  a  wonden  framework,  S,  b, 
rests  with  ila  edges  immersed  in  the  Uiiuid,  with  which  the  tra:^  is  tilled,  like  tlie 
cylinder  of  a  bell  gasometer.  Tlie  bottom  of  the  ehainber,  wliith  is  suppnrted  at  a 
cerlain  tlislance  fiom  the  yroiind  on  iiilbrs,  a.  a.  a,  slants  from  beforo,  so  that  the 


liquid  which  occupies  it  increases  in  depth  towards  the  end.  Und^r  ttie  front  is 
placed  a  furnace,  d,  on  the  floor  of  whicl),  e,  the  sulphur  is  humed,  and  the  sulphur 
oua  acid  passes  iato  the  chamber  bj  the  chimney/;  the  heat  necessary  is  supplied 
by  the  fireplace  under  e ;  the  nitrous  acid  ia  6btained  by  placing  over  the  burning 
sulphur  in  e  a  pan  containing  a  quantity  of  nitrate  of  soda  and  oil  of  vitriol,  the  ni- 
tric acid  evolved  from  which  directly  oxidiEes  a  portion  of  sulphurous  acid,  and 
then,  being  brought  to  the  state  ofN.O,,  acteon  the  mass  of  sulphurous  acid  as  has 
been  just  described :  g'  is  a  boiler,  by  which  steam  ia  driven  into  the  chamber  at  ft, 
and  thus,  in  the  iuterior,  are  provided  the  conditions  for  the  reunion  of  steam,  suU 
phurous  acid  gas  and  nitrous  acid  fumes,  which  produce,  as  in  the  apparatus  figured 
already,  the  white  crystalline  solid,  by  which,  when  decomposed  by  the  water  at 
the  bottom  of  the  chamber,  the  sulphurous  acid  is  produced,  and  nitric  oxi|}e  gas 
evolved.  This  nitric  oside,  mixing  with  the  atmospheric  air,  which  is  always 
present  in  large  excess  in  the  interior  of  the  cliamber,  ia  reconverted  into  nitrous 
acid,  which  combines  with  a  new  quantity  of  sulphurous  acid,  generating  another 
proportion  of  the  solid  body,  from  whose  decomposition  by  the  water  the  nitric  oxide 
ia  again  evolved  with  little  loss ;  and  thus  the  oxygen  of  the  air  is  gradually  trans- 
ferred to  the  sulphurous  acid  by  the  intermediate  agency  of  the  nitrous  acid  fumes. 
Were  tliere  no  nitric  acid  formed,  the  same  quantity  of  nitric  oxide  might  convert 
an  infinite  quantity  of  sulphurous  acid  uito  sulphuric  acid ;  but  as  the  oil  of  vitriol 
produced  always  retains  a  certain  proportion  of  the  nitric  acid,  it  is  necessary  to 
Bnpply  its  loss,  and  to  send  into  the  chamber  a  continued  current  of  nitrous  acid  fumes. 
Tills  is  secured  by  the  construction  already  described,  about  one  part  of  nitrate  of  soda 
being  decomposed  for  every  eight  or  nine  parts  of  sulphur  burned  in  the  furnace  d, 
e.  The  draught  is  regulated  by  the  chimney  e,  which  is  fitted  with  a  valve,  hy  the 
position  of  which  a  current  of  air  is  established  through  the  chamber  sulScient  to 
bring  the  gases  into  complete  mixture  inside,  and  in  due  proportions,  but  which 
does  not  carry  them  away  until  their  action  is  completed. 
.  Tlie  inclination  given  to  the  bottom  of  the  chamber  is  for  the  purpose  of  allow- 
ii^  the  water,  which,  having  dissolved  most  of  the  sulphuric  acid,  and  become 
heavy,  to  flow  down  to  the  farthest  end ;  and  thus  there  is,  on  the  surface  has  next 
the  front,  a  layer  of  the  weakest  ai:id,  ready  to  absorb  and  deaompusc  llie  great 
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joimity  of  the  crystalline  body  formed  when  the  mixed  sulphurous  and  nitrous 
acid  gaaes  meet  the  damp  atmosphere  of  the  chamber. 

The  water  in  tlie  chamher  is  allowed  to  rejtiain  unchanged  until  it  lias  attained 
a  epecific  gravity  of  ahout  1600 ;  it  is  t(ien  removed  by  leaden  pipes,  and  concen 
trated  by  evaporation  in  leaden  cisterns,  until  its  specific  gravity  is  increased  to 
alKiat  176.  At  this  strength  it  begins  to  ast  upon  the  lead,  and  must  be  transferred 
to  vessels  ol  glass,  or,  sciU  better,  of  platinum,  in  whicli  the  concentration  may  be 
finished.'  In  the  strongest  form  in  which  it  can  be  so  obtained,  its  specific  gravity 
is  1-84T,  and  it  contains  8154  uf  real  acid  in  100. 

Thiis  is  the  oil  of  vitriol  ofcommeree  manufactured.  At  present,  a  modification 
of  the  process  has  been  introduced,  in  consequence  of  the  B:xtens)ve  use  of  the  ii'on 
pyrites  (hisutphuret  of  iron,  Fe.Si)  in  place  of  sulphur,  as  Die  source  of  the  sul- 
phurous acid.  Instead  of  the  furnace  e,  /,  there  is  built  in  front  of  the  chamber  a 
kiln,  somewhat  like  a  limekiln,  except  lliat  it  is  narrowed  at  top  into  a  chimney 
passing  into  the  chamber.  At  the  bottom  of  the  kiln  is  placed  a  layer  of  coal  ot 
wood,  on  it  the  pyrites  in  small  pieces.  The  tire  is  lighted,  and  the  ignition  being 
communicated  to  tlie  pyrites,  the  saliAur  burns,  forming  sulphurous  acid,  which  Is 
conducted  into  the  chamber,  while  the  iron  remains  behind  as  peroxide.  The  pan 
with  nitre  and  oil  of  vitriol  is  supported  in  tjie  kiln  at  such  a  height  above  the  mass 
of  burning,  pyrites  as  that  the  temperature  may  not  be  too  great.  As  the  oombus- 
lion  proceeds,  new^uantities  of  pyrites  are  introduced  by  apertures  high  up  in  the 
Mln,  while  the  teaiuae  of  adherent  rock  and  oside  of  iron  is  raked  out  Irom  tha 
ashpits  at  the  bottom, 

A  form  of  sulphuric  acid  is  prepared  upon  the  Continent,  and 
known  as  German  oil  of  vitriol,  or  fuming  sulphuric  acid,  which  is 
much  stronger  than  can  be  made  by  the  combustion  of  sulphur,  as 
has  been  described. 

It  is  obtained  by  exposing  sulphate  of  iron  to  a  red  heat,  in  earthen  retorts.  If 
the  sulphate  of  iron,  perfectly  dry,  be  strongly  heated,  the  sulphuric  acid  is  driven 
ofS,  and  oxide  of  iron  remains  behind ;  but  the  acid  is  mostly  resolved  into  sulphni- 
ous  acid  and  oxygen,  and  consequently  lost.  But  if  the  sniphate  of  iron  be  uot 
completely  dried,  the  sulphuric  acid  combines  with  the  water,  and,  distilling  over  in 
combination  with  it,  l<irms  a  dark-coloured  liquid  of  a  thici;,  oily  consistence,  spe- 
cific gravity  about  1-9,  and  consisting  generally  of  about  90  of  real  acid  and  10  of 
water  in  100,  approacliing  closely  to  the  formula  2S.Oa-f-H.O.  At  the  same  time, 
a  quantity  (one  half)  of  the  acid  is  decomposed,  the  iron  becoming  peroxidized, 
and  sulphurous  acid  gas  being  evolved.  Thus  4(5.0 p-f-Fe.O.)  and  H.O.  give 
SS.Oj-f  H.O.  and  2S.0t,  leaving  behind  sFesOj,  known  in  commerce  as  coleothar 
of  vitriol. 

This  process  b  carried  on  in  a  long  furnace,  in  which  are  langed  about  130 
earthen  retorts,  as  I,  in  rows  of  30,  containing  the 
partiallj-dried  sulphate  of  iron.  They  are  grado-  [ 
ally  heated  imtil  the  fumes  of  sulphuric  acid  begin 
to  appear,  and  the  receiver  A  is  then  attached,  in  which  the  acid  is  condensed  by 
means  of  cold  applied  externally. 

When  this  fuming  sulphuric  acid  is  heated,  it  is  resolved  into  or- 
dinary oil  of  vitriol  and  real  sulphuric  acid.  This  last,  being  very 
volatile,  distils  over  in  colourless  vapours,  which,  on  coming  into 
contact  with  moist  air,  form  dense  white  fumes  of  liquid  acid.  If 
the  colourless  vapour  he  received  in  a  dry  vessel,  cooled  by  a  freez- 
ing mixture,  it  condenses  in  beautiful  white  satiny  fibres,  consti- 
tuting the  dry  sulphuric  acid.  This  acid  melts  at  77°,  and  very 
little  above  that  temperature  it  boils.  The  specific  gravity  of  its 
vapour  is  2762,  formed  by 

One  volume  of  vapour  of  sulpbur ^=  6648  0 

Nine  volumes  of  oxygen 1102  6x9=  SSS3-4 

The  ten  volumes  forming  sis =165714 

Of  which  one  weighs,  therefore 2761  9 

When  this  dry  sulphuric  acid  in  vapour  is  brought  into  contact 
Oo 
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with  dry  barytes,  lime,  or  magnesia,  they  combine  with 
combustion,  forming  sulphates  of  those  earths.  When  a  : 
the  crystals  is  thrown  into  water,  it  hisses  as  on  the  imrae 
led'hot  iron,  and  ordinary  liquid  sulphuric  acid  is  produced. 

There  exist  several  definite  compounds  of  sulphuric  acid  with 
water,  of  \vhich  the  most  remarkable  are  two  :  the  first  is  the  strong- 
est oil  of  vitriol  made  in  this  country,  and  contains  an  equivalent 
of  acid  united  to  one  of  water  ;  its  formula  is  S.Oj-fH.O. ;  its  most 
important  properties  have  been  already  described.  The  other  con- 
tains twice  as  much  water;  its  formula  being  S.O3+2H.O. ;  its  spe 
cific  gravity  is  1780.  When  exposed  to  the  temperature  of  melting 
ice,  this  acid  forms  large  and  regular  crystals,  while  the  stronger 
or  wealrei  acids  require  very  intense  cold  to  solidify  them.  When 
oil  of  vitriol  is  mixed  with  water,  the  great  heat  which  is  produced 
results  from  the  formation  of  definite  compounds;  and  it  has  been 
already  shown  (page  IS5)  that,  no  matter  what  combination  a  cer- 
tain quantity  of  sulphuric  acid  forms,  it  evolves  the  same  quantity 
of  heat  on  entering  into  union. 

Sulphuric  acid,  formed  by  the  combustion  of  sulphur,  as  described, 
in  leaden  chambers,  is  liable  to  be  contaminated  by  the  presence  of 
some  nitric  acid  and  lead  ;  from  these  it  may  freed  by  redistilla- 
tion, which  should,  however,  be  conducted  with  great  care,  as  the 
Tapour  of  the  acid  forms  interruptedly  and  by  sudden  bursts,  which 
might  endanger  the  apparatus.  On  ailuting  common  oil  of  vitriol, 
a  white  powder  is  generally  seen  to  form,  which  is  sulphate  of  lead, 
that  had  been  held  in  solution  by  the  strong  acid,  but  which  precip- 
itates from  the  diluted  acid.  The  acid  now  formed  from  the  iron 
pyrites  is  found  to  contain  frequently  arsenic  and  selenium:  the 

eresence  of  the  former  may  become  of  great  importance  in  medico- 
!gal  investigations,  and  the  detection  of  it  will  be  fully  described 
in  its  proper  place. 

Sulphuric  acid  is  very  easily  detected  by  means  of  a  solution  of 
nitrate  of  barytes.  If  the  smallest  quantity  of  sulphuric  acid  be 
present,  a  white  precipitate  is  formed,  which  is  insoluble  in  muriatic 
acid,  even  when  boiled. 

Sulphuric  acid  appears  to  dissolve  certain  bodies  in  small  quantity, 
which  are  not  soluble  without  alteration  in  any  other  medium. 
These  are  sulphur,  carbon,  tellurium,  and  selenium.  These  solu- 
tions are  not,  however,  of  any  independent  interest. 

Hjffosulpkurous  JScid. 
SA,  or  S.O,-f  S. 

When  a  stream  of  sillphurons  acid  gas  (S.O,)  is  passed  into  a  solution  of  siil- 
pharet  of  calcium,  it  is  absorbed,  a  quantity  of  sulphur  is  precipitated,  and  tlie  liquor, 
when  filtered,  is  found  to  be  a  solution  of  hyposulphite  of  lime.  Tbe  reaction 
which  occurs  is  aimple.  Half  of  the  oxygen  of  the  sulphurous  acid  passes  to  the 
calcium  to  form  lime,  reducing  the  sulphurous  to  the  state  of  hyposulphuroua  acid, 
and,  at  the  same  time,  the  snlpliur  which  had  been  comhined  with  tbe  calciiun  is 
Bet  free,  SCa.S.  aad  2S.0,  giving  3Ca.0.-f  SsO,,  while  SS.  is  precipitated. 

This  acid  is  aTso  formed  when  sulphur  is  boiled  with  an  alfcaline  liquor  or  with 
miUiof  lime.  Thus,  when  soda  and  sulphur  are  boiled  in  water,  the  liquor  contains 
hyposulphite  of  soda  and  sulphuret  of  sodium,  produced  by  3Na.O,  and  4S.  giving 
Na.O,-I-SsO,  andSNaS. 

This  acid  itself  is  very  easily  decomposed  1  it  may,  however,  be  obtajoeil,  at 
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least  for  a  [ime,  in  a  free  state,  by  aJding  to  any  of  Its  sails  a  stronger  acid,  or,  bet- 
ter, by  bringing  sulphurous  acid  anil  sulphuretted  hydrogen  gas  to  meet  in  water ; 
the  reaction  which  ocoura  ia  that  4S.0s  and  3S.H.  giv«  aSjOa  and  30.H.  The 
water  gradually  becomes  intensely  sour,  but  after  some  time  this  acid  resolves  itself 
into  sulphni  and  sulphurous  acid. 

The  most  remarkable  character  which  the  compounds  of  hyposnlphuvous  acid 
possess  is,  that  Uiey  dissolve  those  compounds  of  silver  which  are  insoluble  in 
water,  as  the  chloride  and  iodide,  and  form  a  solution  possessing  an  intensely  sweet 
taste ;  upOD  tliis  property  is  founded  their  use  in  Daguerreotype  and  photogenic  draw- 
ing. This  acid  is  also  recognised  by  its  silver  salt  being  decomposed,  when  boiled, 
into  black  Eulphuret  of  silver  and  free  sulphuric  sicid,  SjOj+AgO.  giving  S.O3  and 
Ag.S.  It  is  an  important  fact,  also,  in  the  history  of  the  hyposulphuric  acid,  that 
its  salts  do  not  always  contain  metallic  oxides,  bat  that  it  may  form  salts  with  me- 
(Bllic  BUlphurets ;  thus  there  are  two  hyposulphites  of  sodium,  of  which  one  con- 
tains  oxide  of  sudium  (soda),  the  other  sulphuret  of  sodium.  Their  formidie  are 
SiOj-j-Na.O.,  and  SjOa-J-Nu.S  Each  of  these,  in  crystallizing,  combines  with  ten 
atoms  of  water,  like  common  sulphate  of  soda  1  they  possess,  like  it,  a  point  of  max- 
imum solubility,  and  the  ciystalB  of  all  three  appear  to  be  isomorphous.  There 
are,  therefore,  three  salts, 

S.Os  .  S.4-Na.S.-flOH.O., 

S.O,  .  S,4-Na.0,-f  IOH,0., 

S.0,  .O.+Na.O.+10H.O,, 

the  similar  constitution  of  which  evidences  the  relation  of  sulphur  and  oxygen  in  a 
remarkable  degree,  and  will  furnish  the  ground  of  speculations  of  great  interest,  to 
which  I  shaU  again  recur. 

Hyposulphuric  Acid. 

When  sulphurous  acid  gas  is  passed  through  water  in  which  pure  peroxide  of 
manganese  is  diffused,  this  dissolves,  and  the  solution  contains  neutral  hyposnl- 
phate  of  manganese.  The  reaction  by  whidi  it  is  produced  is  simply  that  the  sec- 
ond atom  of  oxygen  of  the  peroxide  of  man^nese  converts  two  equivalents  of  sul- 
phurous acid  into  hyposulphuric  acid,  which  is  exactly  neutralized  by  the  protoxide 
of  manganese  that  is  evolved,  Mn.Oj  and  SS.Oj  giving  Mn.O.-t-SjOs- 

When  a  salt  of  hyposulphuric  acid  is  heated,  it  is  resolved  into  sulphurous  acid, 
which  passes  ofF  as  gas,  and  a  neutral  sulphate  which  remains  behind,  SaOj-j-R.O. 
giving  S-C^  and  S.Oj-^-R.O,  The  acid  may  be  obtained  free  by  decomposing  its 
barytes  salt  by  sulphuric  acid,  but  it  cannot  be  kept  king.  When  heated,  ic  gives 
off  sulphurous  acid,  and  sulphuric  acid  remains ;  and  even  when  cold  it  rapidly 
forms  sulpliuric  acid  by  absoriiing  oxygen. 

Remarks  on  the  Constitution  of  the  Compounds  of  Oxygen  and  Sulphur. 

The  progress  of  science  has  gradually  brought  into  view  a  num- 
ber of  facts,  by  which  it  is  now  very  nparly  fully  established,  that 
of  the  bodies  just  now  described,  we  must  look  upoD  the  sulphurous 
acid  as  the  only  direct  compound  of  sulphur  and  oxygen,  and  that 
in  the  others,  sulphurous  acid  must  be  considered  as  pre-existing. 
The  reasons  for  this  are  very  numerous.  By  the  direct  union  of 
sulphur  and  oxygen  we  can  never  obtain  any  other  compound  than, 
sulphurous  acid ;  the  others  being  always  formed  from  it,  prepared 
either  perfectly  distinctly,  or  at  the  moment  of  the  reaction,  and 
then  presented  to  other  elements  with  which  it  may  unite. 

On  this  viewr  the  necessity  of  the  indirect  process  of  manufacture 
of  sulphuric  acid  becomes  evident.  The  sulphur,  when  it  forms  sul- 
phurous acid,  is  fully  saturated  with  oxygen,  and  cannot  combine 
with  any  more ;  but  the  sulphurous  acid  (S.Oj)  acts  as  a  compound 
radical,  like  cyanogen,  as  described  in  p.  233,  and  may  unite  with 
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any  of  the  simple  and  compound  bodies.  It  does  not  unite  directly 
with  osygen,  but  it  does  so  with  nitrous  acid,  and  the  bo<Jy  so  form- 
ed is  decomposed  by  water,  producing  sulphuric  acid,  as  has  been 
fully  described.  In  Hire  manner,  to  form  hyposulphurous  acid,  the 
radical,  sulphurous  acid,  combines  with  sulphur;  the  compound  is 
a  sulphur  acid,  S.Oj  +  S.,  and  combines  with  sulphur  bases  to  form  a 
distinct  class  of  salts.  The  hyposutphuric  acid  contains  also  sul- 
phurous acid  as  its  basis ;  but  there  are  two  equivalents  of  the  rad- 
ical to  one  of  oxygen  :  it  is  23.0^+0.  This  hypothesis  is  render- 
ed still  stronger  by  the  fact  that  sulphurous  acid  combines  with 
chlorine  and  with  iodine  to  form  the  chloro-sulphurous  acid  S.O; 
4-Cl.,  and  the  iodo-aulphuroiis  acid  S. 0,-1-1.  It  combines  also 
■with  nitric  oxide  to  form  the  nitro-sulphurous  acid  S.Oj-t-N.Oi. 
The  chloro-sulphurous  acid  is  produced  by  the  direct  combination 
of  chlorine  and  sulphurous  acid,  when  exposed  to  strong-  sunlight. 
The  iodo- sulphurous  acid  is  formed  by  passing  sulphurous  acid  gas 
through  a  solution  of  iodine  in  pyroxylic  spirit,  and  the  nitro-sui- 
phuric  acid,  which  exists  only  combined  with  bases,  by  placing  a 
solution  of  sulphite  of  potash  in  contact  with  nitric  o.tide,  which  it 
gradually  absorbs.  The  sulphurous  acid  forms,  therefore,  an  exten- 
sive range  of  combinations,  in  which  it  serves  as  a  compound  radi- 
cal, and  of  which  the  formula)  are  as  follows : 

Sulphuric  BEia S.O,-f-0. 

Hyposulphuric  acid 3S  0,-|-0. 

Hypii3Ulphuri)U3  acid H.Oi-i-S. 

Chloro-sulphuroua  acid S.Os-f-CI. 

lodo-sulphurous  acid S.Oj-|-r. 

Witro-Bulphuroua  acid S.Oa-j-N.Oj. 

The  ordinary  salts  of  sulphurous  acid,  the  Sulphites,  I  rank  along 
■with  the  compounds  of  chlorine  with  the  metallic  oxides  and  with 
peroxide  of  hydrogen,  which  bodies  they  resemble  also  in  their 
bleaching  powers. 

Compounds  of  Sulphur  and  Hydrogen. 

Sulphur  unites  with  hydrogen  in  two  proportions,  forming  a  gas, 
Sulphuretted Hydrc^en,  by  an  equivalent  of  each  clement,  and  a  heavy 
liquid  when  in  the  proportion  of  one  equivalent  of  hydrogen  to  two 
of  sulphur. 

To  prepare  sulphuretted  hydrogen,  the  protosulphuret  of  iron 
(Fe.S.)  is  acted  on  by  dilute  sulphuric  acid,  in  the  apparatus  figured 
in  p.  247.  A  lively  effervescence  occurs  from  the  escape  of  sul- 
phuretted hydrogen  gas,  and  the  solution  contains  sulphate  of  pro- 
toxide of  iron  ;  a  gentle  heat  may  be  applied  to  favour  the  reaction 
of  the  materials.  In  this  process  water  is  decomposed,  its  oxygen' 
heln"  transferred  to  the  iron,  and  its  hydrogen  to  the  sulphur ;  the 
result  may  be  expressed  as  follows :  Fe.S.  and  S.Oj+H.O.  give 
H.S.  and  S.Oa-j-Fe.O.  This  gas  may  also  be  obtained  by  acting  on 
"  "       '      •-   ■        iphui"  ■    ■        "  ■       ■  '  ' 


sulphuret  of  potassium  by  dilute  sulphuric  or  muriatic  acid,  in  which 
case  the  theory  is  the  same  as  that  already  given.  Sulphuret  of 
antimony  and  liquid  muriatic  acid  produce,  when  heated,  very  pure 
sulphuretted  hydrogen,  the  reaction  being  that  Sb^Sa  and  3(H,C1.) 
give  SbjCl,  and  3(H.S.). 
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Tlie  sulphuretted  hydrogen  gas,  heing  ahsorhed  by  water,  cannot 
be  well  collected  over  it,  except  it  be  saturated  with  common  salt, 
or  be  lieated  to  above  90%  in  which  case  its  solvent  power  is  very 
much  diminished.  It  cannot  be  kept  long  over  the  mercurial  pneu- 
matic trough,  for  the  lead  and  tin  always  present  in  the  mercury  of 
commerce  gradually  decompose  it,  combining  with  the  sulphur,  and 
leaving  the  hydrogen  free  ;  the  volume  of  the  gas  remains  the  same 
during  this  decomposition. 

This  gas  is  colourless  and  transparent;  it  is  characterized  by  its 
fetid  odour,  that  of  rotten  eggs,  which,  indeed,  owe  their,  peculiar 
odour  to  the  formation  of  this  gas  during  their  putrefactioa.  Its 
specific  gravity  ia  1177.     It  consists,  therefore,  of 

One  Tolume  of  vapoar  of  sulphur 664S  0 

SiK  volumes  of  hydrogen 68  8x6=    413-8 

of  which  one  weighs,  therefiire Ii768 

The  sulphuretted  hydrogen  gas  dissolves  in  water,  forming  a  so- 
lution which  is  extensively  used  as  a  reagent  for  the  metals,  from 
the  solutions  of  most  of  which  it  precipitates  metallic  sulphurets  of 
various  colours,  by  whicii  many  metals  may  be  recognised.  Thus 
antimony 'gives  an  orange,  manganese  a  flesh  red,  arsenic  and  cad- 
mium a  canary  yellow,  and  several,  as  lead,  mercury,  and  bismuth, 
black  or  brown  precipitates. 

Sulphuretted  hydrogen  is  highly  inflammable  ;  if  burned  in  a  lim- 
ited quantity  of  air,  the  hydrogen  is  consumed,  while  most  of  the 
sulphur  is  deposited.  By  means  of  nitric  acid  or  chlorine  it  may  be 
completely  decomposed ;  hence  chlorine  acts  as  a  disinfectant  and 
purifier  of  sewers  or  rooms  impregnated  with  the  odour  of  sulphu- 
retted hydrogen.  This  gas  ia  very  poisonous;  air  being  capable  of 
producing  death  to  large  animals,  if  respired,  though  it  may  not  con- 
tain more  than  ^is  ^^  *his  gas.  Many  of  the  metals  decompose  sul- 
phuretted hydrogen,  particularly  when  heated  in  this  gas,  combining 
with  the  sulphur,  and  setting  the  hydrogen  free.  This  occurs  slow- 
ly, even  at  common  temperatures;  and  hence  metals,  as  gold  and 
silver,  which  are  not  oxidized  by  the  air,  are  gradually  tarnished  by 
the  sulphuretted  hydrogen,  which,  exhaled  from  decomposing  animal 
matter,  is  always  present  in  the  atmosphere.  This  gas,  evolved 
probably  by  the  action  of  water  on  the  native  sulphurets  of  iron,  at 
high  temperatures,  is  a  frequent  constituent  of  mineral  springs,  and 
forms  the  class  of  spas  termed  sulphureous,  such  as  those  of  Har- 
rowgate,  Lucan,  and  Golden-bridge.  They  are  easily  recognised 
by  the  fetid  odour,  by  blaclcening  a  silver  spoon,  or  by  giving  a  black 
or  brown  precipitate  with  a  solution  of  acetate  of  lead. 

In  its  chemical  relations,  sulphuretted  hydrogen  assimilates  it- 
self closely  to  water ;  its  composition  and  equivalent  numbers  are 
as  follows : 

Sulphur,      94-18  One  equivalent,  =201-2  or  16-1 

Hydrogen,   5-82  One  equivalent,  =   12-5  or    1-0 

iOO^  213-7        17-1 

Bisulphirei  of  Hydrogen. — To  prepare  this  substance,  bisulphuret  of  potassioni 
IE  to  bs  dissolved  in  water,  and  the  solution  gently  poured  into  dilute  muriatic  acid ; 
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the  potassium  combines  with  the  chlorine,  and  the  hydrogen  unites  with  the  sul- 
phur, K.Si  and  H.Cl,  giving  K.Cl.  and  H.Sj ;  the  latter  sinlis  to  the  bottom  of  the 
vessel  us  a  heavy  yellow  liquid,  insolnhle  in  water,  but  decomposed  rapidly  by  con- 
tact with  it,  unless  free  acid  be  present.  It  is  not  easily  obtained  pure,  as  the  sul- 
pburet  of  potassium,  formed  by  melting  salt  of  tartar  and  sulphur  together,  or  by 
dissolving  sulphur  in  a  solution  of  caustic  potash,  always  contains  an  excess  of  sul- 
phur beyond  two  atoms,  which,  precipitating  along  with  this  true  compound,  dis- 
Boives  in  it,  and  modifies  its  properties  and  composition. 

This  oily  liquid  is  characterized  by  separating,  with  great  ease,  into  sulphuretted 
hydrogen  gas  and  soUd  sulphur ;  indeed,  tbe  best  way  of  obtaining  sulphuretted  hy- 
drogen condensed  into  a  liquid,  is  to  seal  up.  in  a  strong  tube,  a  quantity  uf  this  bi- 
Bulphuretted  hydrogen,  which,  after  a  short  time,  is  decomposed ;  the  gas,  not  being 
able  to  esbape,  is  liquefied  by  the  pressure  it  exercises,  while  the  sulphur  separates 
la  octohedrfd  crystals. 

Tlus  body  is  decomposed  by  all  substances  which  decompose  deutoxide  of  hydro- 
gen Black  oxide  of  manganese,  or  oxide  of  silver  put  in  contact  with  it,  evolve 
eulphuretted  hydrogen  gas,  and  often  with  the  appearance  of  light  and  heat ;  it 
corrodes  the  skin,  and  appears  to  possess  bleaching  properties. . 

Siilpkureis  of  Nitrogen  have  been  discovered  and  (lescribed;  they  are  solid  and 
crystallizable,  but  are  of  no  importance. 

Of  Selenium. 

Selenium  was  discovered  by  Berzelius,  and  accompanies,  although 
in  exceedingly  small  quantity,  the  native  metallic  suljihuxets,  existing 
as  seleniurets  of  the  same  metals.  It  remains  even  still  a  very  rare 
substance  :  it  ha.s  not  been  introduced  into  the  arts  or  into  medicine, 
and  it  will  hence  be  necessary  to  touch  upon  its  history  but  very 
slightly. 

When  extracted  from  its  native  combinations,  selenium  is  a  solid 
of  a  dark  brown  colour,  and  when  smooth,  with  metallic  lustre.  Its 
density  is  4-32 ;  its  fracture  is  crystalline ;  it  melts  a  little  above 
the  boiling  point  of  water,  and  boils  at  650"  ;  its  vapour  is  of  a  deep 
yellow  ctdour,  like  that  of  sulphur.  In  its  manner  of  combination 
it  resembles,  almost  completely,  sulphur. 

In  one  respect,  however,  they  differ ;  when  seleniuni  is  burned  in  air,  it  combines 
with  but  one  equivalent  of  oxygen,  forming  e:dde  of  ssUnmm  (Se.O.),  a  colourless 
gas,  which  is  remarkable  for  il«  pungent  odour  of  horseradish.  By  this  means 
selenium  may  be  recognised,  even  when  present  in  exceedingly  small  quantity. 
Sulphur  does  not  appear  to  form  a  similar  compound. 

When  selenium  ts  boiled  with  nitric  acid,  it  unites  witli  two  equivalents  of  oxy- 
gen, and  forms  selenima  acid,  Se.C^,  Tliis  may  be  also  produced  by  burning  se- 
lenium in  oxygen  gas  at  a  higb  temperature.  It  is  solid,  white,  volatile,  and  may 
be  obtained  crystallized  by  sublimation,  or  from  its  watery  solution.  Selenious 
acid  may  be  deprived  of  its  osygen  by  contact  vfith  Eino  or  iron  filings,  or  by  sul- 
phurous acid:  selenium  is  set  free  as  a  crimson  precipitate.  When  syenite  of  am- 
monia is  heated,  it  gives  water,  nitrogen,  and  free  selenium. 

If  a  current  of  chlorine  gas  be  passed  through  a  solution  of  selenious  acid,  or  if 
selenium  be  melted  with  nitre,  the  seUnic  acid  is  formed  (Se.Oa),  which  has  the 
most  remarkable  analogy  with  snlpbuijo  acid.  All  their  similar  salts  are  isomorph- 
ous,  and  almost  identical  in  properties.  Indeed,  to  distinguish  them,  it  is  necessary 
to  boil  the  saltAvitb  muriatic  acid,  which  has  no  action  on  the  sulphate,  but  gives 
with  the  seleniate,  chlorine,  and  selenious  acid, 

Seleniarctted  Hydrogen  is  formed  by  the  action  of  acids  upon  metallic  seleniurets, 
hi  precisely  the  same  manner  aa  that  described  under  the  head  of  sulphuretted  hy- 
drogen. It  is  a  colourless  gas,  of  an  extremely  fetid  odour,  irrespirable,  soluble 
in  water,  and  precipitating,  from  the  solutions  of  many  of  the  metals,  metallic  sel- 
eniurets ;  these  are  generally  black  or  btown ;  bat  the  seleniuret  of  manganese  is, 
like  the  sulphnret,  llesh-red,  and  that  of  zinc  is  white. 

When  sulphnret  of  hydrogen  is  passed  into  a  solution  of  selenious  acid,  water  is 
formed,  and  a  sulphnret  of  selenium  is  produced  analogous  to  selenious  acid,  its 
tonula  being  Se.^-^e-    It  is  a  canary  y^low  powder,  insoluble  in  water. 
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1  the  fluids  of  the  body, 
and  nerves.  It  is  found 
ituent  of  some 


Of  Phosphor 

Phosphorus  exists  in  nature,  principnlly  i 
in  the  bones  of  the  vertebrated  animals, 
and  also  in  the  pulpy  material  of  the  brai 
in  small  quantity  in  many  vegetables,  am 
minerals.  It  is  prepared  as  an  article  of  manufacture  in  large  quan- 
tity in  London  and  Paris.  In  the  lattec  city  it  is  computed  that 
about  200,000  lbs.  of  phosphorus  are  annually  obtained. 

The  principal  source  of  phosphorus  is  the  earthy  material  of  bones  (phosphate  of 
lime).  The  bones  are  first  burned  until  they  become  completely  white,  and  then 
ground  to  powder.  To  three  parts  of  this  powder  are  added  thirty  parts  of  water 
and  two  of  oil  of  vitriol.  The  sulphuric  acid  unites  with  a  portion  of  the  lime  of 
the  bone  ashes,  while  the  remainder  forms,  with  the  whole  of  Ihe  phosphoric  acid, 
a  soluble  salt,  which  is  obtained  in  the  liquor,  when  the  insoluble  sulphate  of  lime  is 
separated  by  straining  through  a  cloth.  The 
liquor  is  evaporated  to  the  consistence  of  a  sirup, 
and  gradually  mixed  with  a  quantity  of  powderpd 
charcoal,  about  one  fourth  the  weight  of  the 
bones  that  had  been  used,  and  the  whole  com- 
pletely dried  at  a  temperature  Just  below  ret 
The  mass  is  introduced,  in  powder,  in! 
earthen  retort,  a,  which  is  placed  in  a  furnace,  | 
as  in  the  figure.  To  the  neck  of  the  retort  is 
adapted  a  copper  tube,  i,  the  other  extremity  of  9 
which  dips  a  little  into  the  water  in  the  bottle  | 
which  serves  as  a  receiver.  The  retort  being  | 
gradually  heated,  the  excess  of  the  phosphurio  | 
acid  is  decomposed  by  the  charcoal,  the  carbon  | 
of  which  combines  with  the  oxygen  to  form  ci 
bonic  acid,  while  the  phosphorus  becomes  fie  , 
this  being  volatilized  by  the  high  temperature,  I 
passes  in  the  state  of  vapour  into  the  copper  ^ 
tube,  where  it  is  condensed,  and,  flowing  down 
in  the  liquid  form  into  the  bottle,  collects  under  the  sui 
per  tube  must  dip  so  little  under  the  water,  that  by  ni 
forced  back  into  the  retort. 

The  phosphorus  so  obtained  is  again  melted  under  the  surface  of  the  water, 
and  poured  into  glass  tubes,  where  it  is  allowed  to  solidify.  It  thus  gets  the  cylin. 
drical  form  in  which  it  is  found  in  commerce. 

Phosphorus,  when  pure,  is  transparent  and  colourless;  but,  as 
generally  found,  it  is  of  a  pale  yellow,  or  even  of  a  reddish  col- 
our. At  ordinary  temperatures  it  is  soft,  so  that  it  may  be  bent  or 
cut  with  a  knife  ;  but  at  32'  it  becomes  quite  brittle  and  crystalline 
in  its  fracture.  It  is  insoluble  in  water,  but  it  dissolves  jn  the  vol- 
atile oils,  in  ether,  and  in  sulphuret  of  carbon,  from  which  last  it 
may  be  obtained  in  crystals  of  considerable  size, 
which  are  regular  dodecahedrons,  as  in  the  figure. 
It  has  also  been,  obtained  crystallized  by  fusion, 
under  the  form  of  octohedrons.  At  108^  phos- 
phorus melts  into  a  colourless  liquid,  and  at  550' 
it  boils,  formino:  a  colourless  vapour,  the  sp.  gr. 
of  which  is  4327.  Phosphorus  appears  to  assume 
ananomalousconditionlike  that  of  sulphur  ;  when 
strongly  heated  and  suddenly  cooled,  it  becomes  jet  black  and 
opaque,  but  gradually  returns  to  its  ordinary  aspect. 

Phosphorus  is  exceedingly  inflammable.  Even  at  ordinary  tem- 
peratures, when  exposed  to  the  air,  it  burns  slowly,  forming  phos- 
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phorous  acid,  and  emitting  light  visible  in  tlie  dark,  from  whence 
its  name  (tjMg  ^spo),  I  bring  light).  It,  at  the  same  time,  emits  a 
remarkable  and  penetrating  garlic  smell.  It  is  hence  that  phospho- 
ied  to  analyze  atmospheric  air,  and  that  it  must  always  be 
id  under  water.  When  heated  to  120"  phosphorus  bursts 
into  brilliant  5ame,  and  unites  with  oxygen  to  form  phosphoric  acid. 
The  combustibility  of  phosphorus  is  influenced  by  the  presence  of 
various  gaseous  bodies  in .  a  very  remarkable  degtee.  Thus,  in 
pure  oxygen,  phosphorus  does  not  burn  nor  give  any  light  until  the 
temperature  is  raised  to  80' ;  and  if  the  oxygen  or  air  be  mixed 
with  small  quantities  of  olefiant  gas,  or  the  vapours  of  ether  or  of 
oil  of  turpentine,  its  slow  combustion  may  be  totally  prevented. 
This  influeaee  even  extends,  under  some  circumstances,  to  much 
higlier  temperatures. 

The  atomic  weight  of  phosphorus  had  been  formerly  talcen  as 
15*7  (H.=  l)  in  consequence  of  some  views  of  the  constitution  of 
its  compounds,  which  are  now  generally  abandoned,  and  1  consider 
the  true  equivalent  jiumber  to  be  31-4,  double  the  former, 

Phospliorus  eombines  with  oxygen  in  four  proportions,  forming  an  oxide  ani" 
three  acid  compounila,  tlie  constitution  of  whicli  follows : 

Oxide  of  phospliorus  .  .  .  =2P,4.0.=:63  8+  80=:70  8 
Hypophosphorous  acid  .  ,  ,  =z  P.4-0.=3I-4-i-  S0=39-4 
Ptiosphorous  acid  .  .  .  .  =  P.-(-03=3l-4-{-34  0—65-4 
Pboaphoric  acid- =  P. -l-0s=31 -44-400=7 1-4 

Oxide  of  Phosphorus. — When  phosphorus  is  exposed  to  light,  in  water  containing 
air  dissolved,  it  gradually  becomes  covered  with  a  white  powder,  which  is  a  com- 
pound of  phosphorus  with  water;  but  there  forms,  at  the  same  time,  a  reddish  sub- 
stance, which  is  oxide  of  phosphorus.  It  is  generated,  also,  whenever  phosphorus 
is  incomfietelj  burned,  and  may  be  formed  in  large  quantity  by  melting  phosphorus 
under  water,  and  bringing  a  stream  of  oxygen  gas  Want  upon  it  by  means  of  a  tube 
passingto  the  bottom  of  the  vessel;  the  phosphorus  burns  brilliantly,  but,  being 
present  in  great  excess,  it  passes  principally  only  to  tJie  lowest  degree  of  combina- 
tion that  it  can  form.  It  may  be  obtained  purer  by  other  processes,  which  are,  hoW' 
ever,  too  contplicated  to  be  introduced  in  this  place. 

The  oxide  of  phosphorus  so  formed  is  a  red  or  yeUow  powder,  insoluble  in  water; 
it  is  exceedingly  inflammable  in  some  forms,  but  in  others  does  not  take  lire  until 
heated  to  near  the  boiling  point  of  mercury.  It  is  not  probable  that  the  red  and 
yellow  substances  which  are  called  oxide  of  phosphorus  are  really  identical,  as  they 
differ  in  their  most  striking  characters  besides  ia  colour.  The  formula  PjO.  is  that 
obtained  from  the  yellow  matter ;  Peluuze  cot^iders  the  reddish  matt«r  to  be  eX' 
pressed  by  P^O,. 

Hy-paphos^liOToas  Acid. — This  acid  is  very  little  known ;  it  is  formed  when  phos 
phorua  is  heated  in  a  solution  of  an  alkali  or  earth :  water  is  decomposed ;  one  por- 
tion of  phosphorus  combining  with  the  hydrogen,  and  another  with  the  oxygen, 
produce  phusphuretted  hydrogen  gas,  which  passes  off,  and  hypophosphorous  acid, 
which  remiiius  combined  with  the  alkali  or  earth  employeil ;  the  reaction  may  be 
shown  thus  with  phosphorus  and  solution  of  baryles :  4P,,  3H,0,,  and  aOa.O.,  give 
3(P.0.+Ba,0.)  and  P.H,. 

The  hypophosphite  of  barytes,  so  obtained,  may  be  decomposed  by  sulphuric  acid, 
and  the  sulphate  of  barytes  being  removed  by  filtration,  ttie  hypophosphorous  aoid 
remains  uiicombined ;  its  solution  may  be  evaporated  to  the  consistence  of  a  sirup, 
but  it  cannot  he  obtained  solid;  it  is  decomposed,  by  continuing  the  heat,  into 
phosphuretted  hydrogen,  phosphoric  acid,  and  some  phosphorus  is  set  free. 

Its  salts  are  Hi  soluble  in  water,  and  most  of  them  crystallize  and  contain  water 
of  crystallization ;  when  heated  strongly,  they  give  phosphuretted  hydrogen  and  a 
phosphate  of  the  base. 

Phosphorinia  Acid. — This  acid  is  the  principal  product  of  the  slow  combustion  of 
phosphorus,  but,  to  obtain  it  pure,  it  ia  necessary  to  avoid  carefully  an  excess  of 
oxygen ;  for  tins  purpose,  a  glass  tube  of  ten  inches  long  and  half  an  inch  bore  ia 
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ilrawn  out  at  one  end  to  a  point,  with  an  aperture  large  enough  to  admit  a  pin,  and 
bent  at  an  obtuse  angle  about  two  inches  from  the  point;  at  the  bend  is  laid  a  piece 
of  phosphorus,  which  is  heated  until  it  takes  Hre,  but  the  temperature  must  nut  rise 
so  high  as  to  sublime  an;  of  it.  As  there  ta  a  great  excess  of  phosphorus  present, 
the  principal  product  of  the  combustion  is  phosphorous  acid,  which,  being  formed  in 
exceedingly  light  flakes,  is  carried  by  the  current  ef  air  to  the  upper  part  of  the 
tube,  where  it  is  deposited.  These  flakss  are  volatile,  and  may  be  sublimed  from 
one  part  of  the  tube  to  another ;  they  attract  water  eo  powerfully,  tbat  the  heat 
evolved  is  sometunes  great  enough  to  inflame  the  phosphorous  acid,  which  then 
combines  with  more  oxygen,  and  forms  phosphoric  acid. 

Phosphorous  acid  is  mare  easily  prepared  in  tlie  liquid  form ;  for  this  purpose,  a 

Suantity  of  phosphorus  is  placed  in  a  thin  glass  vessel,  covered  with  water  to  the 
epth  of  some  inches ;  a  current  of  chlorine  is  then  conducted  by  a  tube  to  the 
phosphorus,  which  inflames  and  forms  protocbloride  of  phosphorus;  this  euhstance 
js  immediately  decomposed  by  the  water,  phosphorous  acid  and  muriatic  acid  being 
produced ;  the  P-Clj  and  3H.0.  giving  P.O,  and  SH.GK ;  botli  aeids  dissolve  in  the 
water,  hut  by  evaporating  the  solution  to  the  consistence  of  a  sirnp,  the  muriatic 
acid  passes  off  as  gas,  and  the  hydrate  of  phosphorous  acid,  P.Os-j-3H.O.,  remains 
behind.  This  hydrated  acid  cannot  be  freed  from  water  by  farther  heat,  it  being 
then  decomposed  into  phosphoric  acid,  and  the  variety  of  phosphurelted  hydrogen 
which  is  not  spontaneously  inflammable.  Thus  4(P.03-[-aH.O,)give  SP.Oj-fSH.O,) 
and  PMs. 

The  solution  of  phosphorous  acid  absorbs  osygen  rapidly  from  the  air,  and,  with, 
the  assistance  of  heat,  reduces  to  the  metallic  state  the  salts  of  mercury,  silver, 
gold,  and  platina.    It  is  hence  occasionally  used  as  a  deoxidizing  agent. 

Phosphoric  Acid. 
When  this  acid  is  required  in  large  quantity,  it  is  generally  pre- 
pared from  the  earth  of  bones,  which  are  acted  on  by  sulphuric  acid, 
as  was  described  for  the  preparation  of  phosphorus.  The  acid  so- 
lution of  superphosphate  of  lime  is  decomposed  by  carbonate  of  am- 
monia, by  which  the  lime  is  thrown  down. in  combination  with  car- 
bonic acid,  and  the  phosphoric  acid  remains  in  solution  as  phosphate 
of  ammonia.  This  salt  may  be  crystallized,  but  it  is  generally 
evaporated  to  dryness,  and  ignited;  the  ammonia  passes  off,  and 
the  phosphoric  acid  remains  behind  melted,  and  solidifies  on  cool- 
ing into  a  colourless  glass,  the  glacial  phosphoric  acid. 

It  may  also  be  obtained  by  acting  on  phosphorus  with  dilute  nitric 
acid.  This  supplies  oxygen  to  the  phosphorus,  and  nitric  oxide  is 
evolved.  When  the  action  has  terminated,  the  solution  is  to  be 
evaporated  to  dryness,  oflA  the  residual  phosphoric  acid  ignited,  to 
expel  all  traces  of  nitric  acid.  This  process  is  somewhat  danger- 
ous, as  sometimes  fragments  of  phosphorus  are  projected  by  the 
effervescence  out  of  the  liquid,  and  burning  in  the  nitric  oxide  gas, 
may  burst  the  retort.  The  phosphoric  acid  may  also  be  prepared 
very  simply,  and  in  a  pure  and  dry  state,  by  setting  fire  to  some 
phosphorus  in  a  little  cup,  and  covering  it  with  a  large  bell  glass. 
The  oxygen  of  the  contained  air  forms  phosphoric  acid,  which  is 
deposited  in  white  flakes  on  the  inside  of  the  glass  and  on  the  sup- 
porting plate.  In  all  these  cases,  the  acid  so  obtained  is  destitute 
of  water  ;  it  is  anhydrous. 

The  phosphoric  acid  has  a  great  affinity  for  water,  combining 
with  it  almost  explosively.  It  may  form  three  distinct  compounds, 
phosphates  of  water,  the  constitution  of  which  is  as  follows : 

Monobasic  phosphate  of  water    •     .     P.0.,+  H.O. 

Bibasic  phosphate  of  water  .     .     P.0,+2H,0. 

Tribasic  phosphate  of  water         ,     .     P.Os+SH  0. 
P  i> 
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This  relation  was  first  estaLlished  by  the  researches  of  Graham, 
whose  admirable  memoir  on  the  arseniates  and  phosphates  formed 
an  important  epoch  in  science.  The  phosphoric  ecid  combines  not 
only  with  water  in  these  three  proportions,  but  each  of  them  is  a 
type  oP  a  series  of  salts  which  the  phosphoric  acid  is  capable  of 
forming.  Thus  there  is  a  class  of  monobasic  p/iospAalei,  another 
class  of  bibasic phosphates,  and  a  third,  which  is  the  most  common,  of 
tribasic phosphates  j  the  water  contained  in  the  phosphates  of  nater 
being  replaced  to  a  greater  or  iess  extent  by  means  of  equiiaknt 
proportions  of  ammonia  or  raetailic  oxides. 

A  solution  of  phosphoric  acid  in  water  may  contam  any  one  of 
the  three  phosphates  of  water  that  have  been  described,  and,  when 
neutralized  by  bases,  may  hence  produce  totally  difTerent  silts 
The  properties  of  a  solution  of  phosphoric  acid  may  therefore  be 
totally  different,  according  to  the  manner  in  which  it  had  been  pre- 
pared, and  hence  this  acid  was  at  one  time  ranked  as  a  remarkable 
instance  of  isomerism  ;  but  Graham  has  beautifully  shown  that  the 
difference  of  properties  is  only  the  result  of  the  existence  of  the 
different  states  of  combination  in  which  the  phosphoric  acid  actually 
exists.  It  will  consequently  be  necessary  to  study  separately  the 
properties  of  the  three  compounds  of  phosphoric  acid  with  water. 

Monobasic  Phosphate  of  Water. — A  solution  of  this  body  reacts  pow- 
erfully acid  j  it  precipitates  albumen  (white  of  egg)  in  white  curds  j 
when  neutralized  by  a  base,  it  gives  salts  which  contain  but  one 
atom  of  base,  their  formula  being  P-Os+  E.O.,  and  a  soluble  salt  of  it 
produces,  in  solutions  of  silver,  a  white,  soft  precipitate,  P.Oi+ 
A^.O.  This  is  the  least  stable  of  the  phosphates  of  water ;  it  grad- 
ually passes  into  the  other  forms,  particularly  when  its  solution  is 
boiled. 

Bibasic  Phosphate  of  Water. — This  form  of  the  acid  may  be  pre- 
pared by  decomposing  bibasic  phosphate  of  lead  by  sulphuretted 
hydrogen.  It  is  characterized  by  combining  always  with  two  equiv- 
alents of  base,  forming  salts,  whose  formula  is  P.Oj+SK.O. ;  its 
salts  give,  with  nitrate  of  silver,  a  white  precipitate,  P.Oi+2Ag.O., 
which  is  not  pasty  like  the  monobasic  phosphate.  The  salts  of  this 
acid  may  contain  only  one  equivalent  of  fixed  base,  the  other  being 
water,  and  may  hence,  at  lirst  sight,  appe'ar  to  be  constituted  like 
the  monobasic  salts  ;  the  basic  water  is,  however,  easily  known  to  be 
present,  by  its  not  being  expelled  by  a  moderate  heat  with  the  water 
of  crystallization,  but  requiring  a  temperature  approaching  to  igni- 
tion for  its  expulsion. 

Tribasic  Phosphate  of  Water. — This  is  the  form  of  phosphoric  acid 
which  represents  the  class  of  salts  most  generally  known ;  it  is 
characterized  by  not  precipitating  albumen,  and  by  combiuing  with 
three  equivalents  of  base  when  fully  neutralized.  In  the  majority 
of  cases,  of  the  three  equivalents  of  base,  one  is  water  ;  thus  the  com- 
mon phosphate  of  soda  is  a  tribasic  phosphate,  its  formula  being 
(P.O;+2Na.O.H.O.)+24-Aq. ;  when  moderately  heated,  or  even  by 
Jong  exposure  to  dry  air,  it  loses  the  24Aq.,  but  it  requires  to  be 
melted  at  a  red  heat  in  order  to  drive  off  the  twenty-fifth  atom  of 
water  J  and,  if  this  be  done,  on  redissolving  the  fused  mass  in  water, 
it  crystallizes  in  a  totally  different  form,  and  is  found  to  have  been 
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changed  into  Libasic  phosphate  of  soda,  the  formula  of  which  ia 
(P.Oi-|-2N'a.O.)+10Aq.  The  difference  is  remarkably  shown  by 
the  action  of  these  salts  on  solution  of  silver;  common  phosphate 
of  soda  precipitates  nitrate  of  silver  of  a  canary  yellow,  and  the  so- 
lution becomes  acid;  one  equivalent  of  tribasic  phosphate  of  soda 
decomposing  three  equivalents  of  nitrate  of  silver,  producing  one 
equivalent  of  tribasic  phosphate  of  silver,  two  of  nitrate  of  soda, 
and  one  of  nitrate  of  water;  this  last  being  liquid  nitric  acid,  of 
course,  renders  the  liquor  acid.     The  reaction  may  be  simply  ex- 


P.Os+2Na.O.H.O.  and  3(N.O.-^Ag.O.) 
give  P.O,+  3Ag.O. .  .2(N.O;+Na.O.)  and  N.O.+H.O, 
ft  the  other  hand,  bibasic  phosphate  of  soda  be  used,  the  liquor 
lins  neutral,  for  P.O^  +  SNa.O.  and  2(N.0i  + Ag.O.)  give  P.O5  + 
SAg.O.  and  2(N.03+Na.O.)- 

Ill  the  tribasic  phosphates  it  frequently  occurs  that  there  is  but 
one  equivalent  of  fixed  base,  the  other  two  being  water  ;  such  salta 
have  frequently  an  acid  reaction,  and  were  formerly  termed  biphos- 
phates.  Thus  one  tribasic  phospbate  of  soda  is  P.Oj  +  Na.O. .  2H. 
O. ;  the  biphosphate  of  ammonia  is  tribasic,  its  formula  being  P.O, 
+  N.H.0..2H.0. 

These  salts  of  phosphoric  acid  were  originally  designated  by 
Graham  metaphosphates,  pyrophosphates,  ana  common  phosphates, 
hut  the  systematic  names  which  he  has  since  proposed  should  be 
universally  adopted. 

In  the  general  remarks  on  the  constitution  of  salts,  and  on  some 
other  occasions,  I  shall  have  opportunities  to  return  to  the  consid- 
eration of  this  subject. 

Compounds  of  Phosphorus  and  Hydrogen. 

Although  it  is  probable  that  there  exist  at  least  two  compounds 
of  phosphorus  and  hydrogen,  yet  I  shall  describe  only  that  which 
is  gaseous  (P.Hj),  as  of  it  alone  do  we  possess  accurate  knowledge. 

The  modes  of  preparing  this  gas  have  been  already  noticed.  It 
may  be  formed,  1st,  when  phosphorus  is  heated  in  a  solution  of 
potash  or  barytes,  or  with  milk  of  lime ;  the  water  being  decom- 
posed, gives  its  oxygen  to  one  portion  of  the  phosphorus  to  form 
hypophosphorous  acid,  and  its  hydrogen  to  another,  forming  phos- 
phucetted  hydrogen  gas  :  2d,  when  the  hydrated  phosphorous  acid 
is  heated,  the  water  is  decomposed,  and  phosphoric  acid  and  phos- 
phuretted  hydrogen  are  produced.  The  ras,  prepared  in  these  ways, 
possesses  very  different  properties;  I  sliall  term  that  obtained  by 
the  first  process  the 
A,  and  that  by  the 
second  the  B  variety. 
If  the  A  gas,  evolved 
from  the  retort  «, 
be  allowed  to  bub- 
ble through  the  wa- 
ter of  the  pneumatic 
trough,  each  bubble 
of  gas,  as  it  bursts  in 
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the  air,  takes  fire  spontaneously,  and,  burning  with  a  beautiful  white 
flame,  forms  a  ring  of  phosphoric  acid  smoke,  which,  widening  aa 
it  rises,  may  ascend  to  a  considerable  height,  if  the  air  of  the  apart- 
ment be  Btiil,  without  its  form  being  broken  up.  The  structure  of 
this  ring  is  exceedingly  curious  and  pretty ;  it  consists  of  an  ama- 
zing number  of  small  rings,  which  revolve  with  great  rapidity  on 
their  axis,  and  whose  plane  is  perpendicular  to  that  of  the  general 
ring  which  they  produce.  This  is  spontaneously  inflammable  phos- 
phuretted  hydrogen :  if  the  gas  bubbles  be  received  in  a  jar  of  pure 
oxygen,  the  combustion  is  excessively  brilliant  and  explosive.  The 
B  variety  of  the  gas  is  not  spontaneously  inflammable,  but  if  set  on 
fire  it  burns  with  the  same  appearance  as  the  other. 

On  analysis,  the  two  varieties  give  exactly  the  same  result  i  they 
are  colourless  and  transparent,  and  of  a  very  disagreeable  garlic 
smell ;  but  slightly  absorbed  by  water,  and  precipitating  the  generali- 
ty of  metallic  salts,  giving  insoluble  pliosphurets.  The  specific  grav- 
ity is  the  same  for  both,  being  11S5,  which  arises  from 

One  volume  of  phosphorus- vapour =4327  0 

and  six  voliimea  of  hydrogen 68  8x8=  413-8 

being  condensed  to  four ItsOS 

of  which  one  weighs,  therefore 1184-9 

Their  constituents  by  weight,  and  equivalent  numbers,  are  as  fol- 

PhosphoruB,  =91-29  One  equivalent,        =392-3  or  31-4 

Hydrogen,  8-71  Three  equivalents,  =  37-5  or  _3-0 

lOO™  429-S        34^ 

These  two  varieties  were  naturally  looked  upon  as  isomeric,  but 
Graham  has  shown  that  the  difference  of  properties  may  arise  from 
the  presence  of  a  small  quantity  of  foreign  substance,  as  such  may 
change  the  one  variety  into  the  other.  Thus  a  very  small  quantity 
of  the  vapour  of  ether  removes  altogether  the  power  of  spontaneous 
inflammability  from  the  A  variety ;  the  vapour  of  the  essential  oils, 
and  even  carbon,  phosphoric  acid,  and  potassium,  produce  the  same 
effect.  On  the  other  hand,  an  exceedingly  small  quantity  of  vapour 
of  nitrous  acid  or  nitric  oxide  converts  the  variety  B  into  A,  and 
makes  it  spontaneously  inflammable.  Graham  considers  that,  in 
obtaining  the  gas  from  phosphorus  and  milk  of  lime,  &c.,  it  is  accom- 
panied by  a  very  minute  trace  of  some  compound  of  phosphorus  and 
oxygen,  probably  the  same  as  is  formed  by  nitrous  acid  with  the  B 
variety,  which  is  really  spontaneously  inflammable,  and,  acting  as  a 
match,  infliimes  the  general  mass  of  gas  (see  p.  296.) 

PkosphuTEl  of  Nitrogen. — This  compound  has  been  discovered  and  described  hy 
Rose,  but  possesses  no  im[mrtant  properties. 

Sulphwret  of  P/iosphoms  is  formed  by  nielting  together  sulphur  and  phosphorus  in 
eijuivalent  weights.  It  appears  tbat  tUese  elements  unite  in  more  proportions  than 
one.  Tlie  compound  is  much  more  inflammable  Ihan  phosphorus,  and  is  the  mate- 
rial used  in  the  phosphoras  match-boxes. 

Of  Chlorine. 

Chlorine  exists  in  large  quantity  in  nature,  principally  combined 

with  sodium,  forming  immense  depositee  of  rock-salt  (chloride  of 
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Bodiam)  in  England,  in  Poland,  and  elsewhere  ;  and  in  the  same 
state  il  communicates  the  saltneas,  and  constitutes  the  chief  ingre 
dient  of  sea-water.  It  is  found  also  combined  with  calcium,  mercury, 
lead,  silver,  and  some  other  metals  ;  but  these  compounds  arc  rare, 
and  exist  only  in  small  quantity.  The  only  source  of  chlorine 
practically  useful  in  chemistry  and  in  the  arts  is  from  common  salti 
To  obtain  chlorine  in  large  quanlity,  the  common  salt  is  mixed  with  peroxide  of 
manganese,  and  then  decomposed  by  solphnric  acid ;  the  half  of  the  oxygen  of  Ihi 
peroxide  of  manganese  passes  to  the  sodium,  the  chlorine  being  expelled,  and  the 
soda  and  protoxideof  manganese  both  unite  tvith  the  sulphuric  acid.  Tims  Mn.O, 
and  Na,Cl.,  treated  with  MS.Oa,  produce  S.O3  .  Na-O.-j-SOs  .  Mn.O.,  and  CI.  is 
evolved.  By  weight,  about  six  parts  of  oxide  of  man- 
ganese and  eight  of  chloride  of  sodium  are  employed 
with  thirteen  of  oil  of  vitriol ;  and  as  the  manufactu- 
rers of  chloride  of  lime  are  generally  makers  of  oil  of 
vitriol  also,  a  proportionate  quantity  of  acid  of  ISCH) 
from  the  chamber  (p.  389)  is  generally  used  in  place 
of  strong  oil  of  vitriol,  the  expense  of  concentration 
being  thus  saved.  Into  a  leaden  still.  A,  h,  such  as  is 
represented  in  the  figure,  the  mixed  salt  and  manga- 
nese are  introduced  at  Uie  aperture  i,  which  is  then 
lightly  closed;  the  sulphuric  acid  enters  by  the  hent 
funnel  i,  and  these  materials  are  well  mixed  by  means 
of  the  agitator,  turned  by  the  cross  handle  w ;  the  gas 
evolved  escapes  by  the  tube  0,  which  conducts  it  to  its 
destination.  At  first  the  operation  does  not  require 
heat,  but  the  still  sits  in  an  iron  jaotet,  e,  e,  into  which  steam  is  conducted  by  the 
tube  (,  and  thus  the  heat  necessary  for  the  decomposition  is  kept  up ;  a  waste-pipe, 
g,  serves  ior  running  out  the  residue  of  one  process,  in  order  to  clear  (he  still  for 

When  chlorine  is  required  in  small  quantity  in  the  laboratory,  it 
may  be  more  conveniently  prepared  from  the  muriatic  acid  of  com- 
merce, which  is  a  solution  of  chloride  of  hydrogen  gas  in  water. 
This  is  completely  decomposed  by  peroxide  of  manganese  at  very 
moderate  temperatures,  the  hydrogen  of  the  muriatic  acid  combining 
with  the  oxygen  of  the  peroxide  of  manganese  to  form  a  deuto- 
cllloride  of  manganese,  wbich  is  completely  resolved  by  a  very 
moderate  heat  into  protochloride  and  free  chlorine.  Thus,  at  first, 
Mn.Oj  and  2C1.H.  give  Mn.Clj  and  2H.0.,  and  then  Mn.Cl,  sep- 
arates into  Mn.Cl.  and  C!.,  which  is  evolved  as  gas.  For  this  it  is 
only  necessary  to  introduce  about  one  part  of  peroxide  and  three  of 
muriatic  acid  into  an  apparatus, 
and  the  gas  may  be  obtained. 
The  collection  of  the  chlorine 
requires  some  remark.  It  i&  ab- 
sorbed rapidly  by  cold  water, 
and  it  cannot  be  collected  over 
mercury,  as  it  combines  rapid- 
ly with  it,  forming  calomel;  wa- 
ter heated  to  above  90'  should 
therefore  be  used  ;  but  it  is  still 
better  to  take  advantage  of  the 
great  density  of  cUorine  for  its 
collection. 

If  the   tube  conducting  the 
chlorine   from  the    flask  a,  in 
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wbich  it  is  generated,  be  brought  to  the  bottom  of  a  dry  glass,  c,  the 
chlorine  issues  there,  and,  being  much  heavier  than  the  air,  pushes 
the  air  uy  out  of  ita  way,  and  gradually  lills  the  jar  completely,  pre- 
cisely as,  by  conducting  a  stream  of  water  to  the  bottom  of  a  vessel 
containiug;  oil,  this  might  be  perfectly  expelled,  and  the  vessel  filled 
with  water.  The  colour  of  the  chlorine  allows  the  gradual  filling  o( 
the  bottle  to  be  seen,  and  by  stopping  its  aperture  with  a  greased 
stopple,  the  gas  may  be  preserved  unaltered  for  a  long  time. 

The  chlorine,  whea  thus  prepared,  is  a  greenish  yellow  gas, 
whence  its  name  (j^X<i>pog) ;  of  an  extremely  suffocating  odour,  ir- 
ritating the  air  passages  when  respired,  even  very  much  diluted,  in 
an  intolerable  degree.  Its  specific  gravity  is  2^70.  On  plunging 
a  lighted  taper  into  chlorine,  it  burns  for  a  moment  with  a  red,  smoky 
flame,  but  is  soon  extinguished.  Many  bodies  burn,  however,  more 
readily  in  chlorine  than  in  air,  or  even  in  oxygen  gas.  If  some 
powdered  antimony  or  arsenic  be  thrown  into  a  bottle  of  chlorine, 
they  take  fire,  with  btig;ht  scintillations.  Tin  or  brass  foil  burns 
spontaneously,  as  also  phosphorus,  although  with  little  light,  A 
paper  dipped  in  oil  of  turpentine  takes  fire  spontaneously,  the  hy- 
drogen burning,  and  the  carbon  being  deposited  as  a  thick  black 
smoke.  The  affinity  of  chlorine  for  hydrogen  is  very  great ;  when 
mixed,  these  gases  gradually  unite,  even  at  common  temperatures, 
and  suddenly,  with  explosion  if  set  on  fire  by  a  taper  or  by  the 
electric  spark.  In  consequence  of  this  affinity  for  hydrogen,  chlo- 
rine decomposes  most  organic  substances,  one  half  of  the  chlorine 
removing  an  equivalent  quantity  of  hydrogen,  and  the  other  half 
going  in  its  place  ;  thus  ether  and  chlorine  give  chloride  of  hydro- 
gen and  chlorine  ether,  ChH^O.  and  lOCl.  giving  C^Cl.O.  and  5H.C1. 
Very  often,  however,  the  action  of  chlorine  is  much  more  complex. 

Perhaps  the  most  important  character  of  chlorine,  and  certainly 
that  upon  which  its  value  in  the  arts  depends,  is  its  power  of  re- 
moving the  colour  of  organic  substances  ;  its  bleaching  properties, 
Formerly  it  was  considered  that  water  was  necessary  for  this  bleach- 
ing, and  that  the  chlorine  combined  with  the  hydrogen,  while  the 
oxygen  of  the  water,  being  thus  thrown  upon  the  orgaoic  substance, 
oxidized  it,  and  formed  a  new  body,  which  was  colourless.  I  have, 
shown,  however,  that  this  is  not  the  case,  but  that  the  chlorine  enters 
into  the  constitution  of  the  new  substance  formed,  sometimes  repla- 
cing hydrogen,  at  others  simply  combinin^with  the  coloured  body,' 
and  in  some,  the  reaction  being  so  complex  that  its  immediate  stages 
cannot  be  completely  traced  I  shall  notice  this  agency  of  chlorine 
again  when  describing  the  chloride  of  lime,  and  also  when  discuss- 
ing its  relations  to  organic  chemistry. 

From  this  action  on  organic  bodies,  chlorine  is  extensively  era- 
ployed  as  a  disinfectant,  to  remove  the  miasmata  and  infectious  im- 
purities by  which  the  atmospheie  of  an  hospital  may  be  contaminated. 
For  this  purpose,  it  is  desiiable  to  evolve  the  gas  slowly,  but  con- 
tinuously ;  in  order  to  do  so,  some  chloride  of  lime,  diffused  through 
water,  may  be  placed  in  a  capsule  or  teacup,  and  by  a  funnel,  the 
throat  of  which  is  partly  stopped,  dilute  suiphitric  acid  be  allowed 
to  drop  down  on  it.     The  acid  takes  the  lime,  and  the  cblorino  is 
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When  chlorine  ia  brought  into  contact  with  water  at  32°,  they 
combitie,  forming  a  hydrate  which  crystallizes  in  plates,  and  which, 
when  heated  to  about  45^,  is  decomposed.  If  a  quantity  of  these 
crystals  be  sealed  up  in  a  strong  glass  tube,  the  chlorine,  when  lib- 
erated, exercises  so  much  pressure  as  to  condense  itself  into  a  liquid. 
This  was  the  first  instance  in  which  the  liquefaction  of  the  gases 
was  successful.  Water  holding  chlorine  in  solution  possesses  the 
colour,  odour,  taste,  and  bleaching  properties  of  the  gas  itself,  and 
may  hence  be  used  for  the  purposes  of  the  arts,  although  not  so 
manageable  or  convenient  as  many  other  forms.  When  chlorine 
water  is  exposed  to  the  Hght,  it  is  gradually  decomposed,  chloride 
of  hydrogen  being  formed,  and  oxygen  set  free;  the  solution  be- 
comes colourless,  loses  its  bleaching  powers,  and  acquires  an  acid 
reaction.  In  contact  with  other  bodies,  chlorine  may  decompose 
water  much  more  rapidly,  and  is  hence  frequently  employed  as  an 
oxidizing  agent,  substances  being  frequently  oxidized  by  cbiorine 
to  a  higher  degree  than  by  nitric  acid.  Thisresults,  ptobabiy,  from 
the  chlorine  first  combining  with  the  body,  and  the  compound  then 
decomposing  water;  thus,  when  chlorine  converts  selenious  acid 
into  selenic  acid,  it  is  probable  that  it  is  not  that  the  chiorine  decom- 
poses water,  but  that  it  unites  with  the  selenious  acid,  forming  chlo 
lo-selenioua  acid,  Se.Oj  .  CI.,  which,  in  contact  with  water,  is  resolv- 
ed into  Se.Oj  .  0.  and  Cl.H.  Very  frequently  chlorine  oxidizes  a. 
metal  to  a  higher  degree  by  combining  with  one  portion  of  it,  and 
hence  throwing  all  of  the  oxygen  upon  the  remainder ;  thus  pro- 
toxide of  iron  is  converted  into  peroxide  by  chlorine,  because  6'Fe. 
0.,  acted  on  by  3CI.,  produce  Fe^GIa  and  2Fe.A.  The  direct  decom- 
position of  water  by  chlorine  I  consider  to  occur  very  seldom. 

The  combinations  of  chlorine  form,  perhaps,  next  to  those  of  ox- 
ygen, the  most  complete  series  which  exists  in  chemistry.  Its  af- 
finities are  so  varied  that  it  unites  with  almost  all  the  simple  bodies, 
metallic  and  non-metallic,  and  in  most  cases  it  forms  more  than  one 
compound  with  the  other  body.  Its  metallic  compounds  are  gener- 
ally constituted  like  the  oxides  of  the  same  metals,  but  in  its  union 
with  the  non-metallic  bodies  it  does  not  appear  to  follow  so  closely 
the  analogies  of  oxygen. 

Chlorine  possesses  also  the  property  of  combining  with  metallic 
oxides,  apparently  without  decomposition  in  many  cases,  and  form- 
ing compounds  resembling  peroxides,  in  which  a  portion  of  the  ox- 
ygen is  replaced  by  chlorine.  Thus,  with  lime  it  forms  Ca.O. .  CI., 
with  protoxide  of  lead  Pb.O. .  01.,  withbarytes  Ba.O. .  CI.,  which  cor- 
respond probably  to  Pb.Oj  and  Ba.Oj.  In  the  hydrate  of  chlorine, 
which  is  Cl.+IOH.O.,  it  is  liUely  that  a  compound  corresponding  to 
peroxide  of  hydrogen  may  exist,  and  tbat  the  constitution  of  the 
crystals  may  be  H.O.  .C1.+  9H.0.,  and  that  bleaching  compounds  in 
genera]  may  have  that  type. 

Chlorine  is  easily  recognised,  when  free,  by  its  pecwiiar  odour,  by 
its  bleaching  powers,  and  by  producing  with  a  solution  of  nitrate  of 
silver  a  white  curdy  precipitate,  which  is  insoluble  in  acids,  soluble 
in  water  of  ammonia,  and  is  rapidly  blackened  by  exposure  to  the  sun's 
rays.  When  in  combination  with  a  metal,  its  solution  gives  the 
same  kind  of  precipitate  of  chloride  of  silver,  but  the  bleaching  prop- 
erties and  smell  are  absent.  ' 
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Compounds  of  Chlorine  with  Oxygen. 
These  are  four,  consiituled  as  follows  : 

Hypochlorous  acid   ....    =Cl.-f  0.=35 4-f 8  =434 

Chlorous  acid =01.4*0. =35  4+32  =67 -4 

Chloric  acid =;Cl.-i-5O.=35-4-l-40=75  4 

Perchloric  acid =Cl.-|-TO.=33  4-j-56=91'4 

liypoc-hloTous  Jlcid. 

If  red  oxide  of  mercury,  diflused  through  a  small  quantity  of  W!i- 
ter,  be  introduced  into  bottles  containing  cliloviiie,  and  the  whole 
be  agitated,  tbe  gas  is  rapidly  absorbed,  and,  combining  with  both. 
constituents  of  the  oxide,  forms  chloride  of  mercury  and  hypochlo- 
io«s  acid.  Thus  Hg.O.  and  2CI.  give  Hg.Cl.andCl.O.  Asthere  is 
always  an  excess  of  oxide  of  mercury  employed,  the  chloride  of 
mercury  combines  with  it,  forming  the  insoluble  brown  oxychloride 
of  mercury  Ho^.Cl.+3Hg.O.,  which  separates,  and  the  hypochlorous 
acid  remains  nearly  pure  in  solution  in  the  water.  By  a  very  mod- 
erate heat  it  may  be  distilled  in  a  dilute  form,  and  so  obtained  quite 
pure  from  sublimate,  but  at  212'  the  acid  is  rapidly  decomposed 
into  chlorine  and  oxygen. 

A  solution  of  hypochlorous  acid  is  yellow ;  its  odour  is  like  that 
of  chlorine;  it  bleaches  powerfully;  it  decomposes  spontaneously 
even  in  the  cold,  forming  chlorine  and  chloric  acid  ;  it  oxidizes  most 
bodies  with  extreme  energy.  To  obtain  it  in  the  gaseous  form,  it 
is  sufficient  to  introduce  a  small  quantity  of  the  solution  into  a  tube 
over-  mercury,  and  to  add  pieces  of  dry  nitrate  of  lime  j  the  water  is 
absorbed  by  this  deliquescent  salt,  and  the  acid  remains  as  a  green- 
ish yellow  gas,  very  similar  to  chlorine  in  all  respects ;  water  ab- 
sorbs 100  volumes  of  it ;  by  raising  its  temperature  even  slightly,  it 
explodes,  and  its  volume  is  increased  by  one  half:  100  volumes  of 
it  produce  100  of  chlorine  and  fifty  of  oxygen.  Its  specific  gravity 
is  by  theory  3021'3,  and  its  equivalent  numbers  542'6  or  43.4:  its 
formula  is  CI.O. 

The  hypochlorous  acid  combines  with  bases  to  form  salts,  hypo- 
chlorites, which  possess  the  bleaching  properties  of  the  acid  in  a 
great  degree ;  but  their  nature  is  involved  so  much  in  the  general 
history  of  the  bleaching  compounds  of  chlorine,  that  I  shall  not  enter 
upon  any  notice  of  them  here. 

Chloric  -Acid. 

When  chlorine  is  brought  into  contact  with  an  alkaline  solution, 
it  is  absorbed  with  great  avidity,  and  the  liquor  acquires  powerful 
bleaching  properties.  Concerning  the  nature  of  the  reaction,  the 
opinions  of  chemists  are  not  completely  settled ;  it  may  be  sup- 
posed, on  the  one  hand,  that  the  chlorine  unites  directly  with  the 
alkali,  forming  simply,  if  potash  be  employed,  chloride  of  potassa, 
K.O.  .  CI.  But,  on  the  other  hand,  it  is  possible  that  a  quantity  of 
alkali  may  be  decomposed,  as  certainly  occurs  with  oxide  of  mer- 
cury, and  that  chloride  of  potassium  and  hypochlorite  of  potash  may 
coexist  in  the  liquor;  thus,  that  2K.0.  and  2CI.  should  produce  K. 
CI.  and  Cl.O.+K.O.  The  majority  of  chemists  incline  to  the  latter 
viexv,  bvit  the  subject  will  hereafter  receive  detailed  consideration. 
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In  any  case,  this  bleaching  alkaline  liquor  is  completely  decomposed 
by  boiling,  particularly  if  it  be  very  concentrated.  Osygen  is  then 
evolved  in  considerable  quantity,  while  chloride  of  potassium  and 
chlorate  of  potash  are  prodnced:  thus  9(K.0.+C1.0j  evolve  120., 
and  form  8k!cI.  and  K.O.+C!.Oj.  It  is  in  this  way  that  the  chlorate 
of  potash  of  commerce  is  obtained,  and  from  it  the  chemist  prepares 
chloric  acid. 

A  solution  of  this  acid  is  readily  prepared  by  decomposing'  a  so 
lution  of  chlorate  of  barytes  by  sulphuric  acid.     It  cannot  be  obtained 

into  chlorine,  oxygen,  and  perchloric  acid.  It  does  not  bleach ;  it  does 
not  precipitate  a  solution  of  nitrate  of  silver  :  when  in  its  strongest 
form,  of  a  thick,  oily  consistence,  it  sets  fire  to  many  organic  bodies, 
and  is  a  powerful  oxidizing  agent. 

The  compounds  of  chloric  acid  are  easily  recognised,  by  yielding, 
when  heated,  oxygen  and  a  metalHc  chloride  ;  thus  the  chlorate  of 
potash  is  used  in  the  preparation  of  oxygen  (p.  244),  CI  Os-l-K.O. 
giving  CI.K.  and  60.  When  mixed  with  sulphur  and  rubbed  in  a 
warm  mortar,  they  explode,  and  if  thrown  upon  an  ignited  coal,  they 
deflagrate  with  violence. 

The  chlorate  of  potash  is  of  very  great  commercial  importance, 
from  its  utility  in  making  matches,  and  is  the  source  from  whence 
the  chemist  obtains  the  remaining  compounds  of  chlorine  and  ox- 
ygen. 

The  constitution  and  equivalent  numbers  of  chloric  acid  are  as 
follows :  by  weight. 

Chlorine,  46-95         One  equivalent,  ^442-6  or  35-4 

Oxygen,    53'05         Five  equivalents,  =500-0  or  40-0 

iOi>00  942-13       75-4 

its  formula  is  Cl.O;,  and,  like  the  nitric  acid,  which  it  resembles  in 
so  many  other  properties,  it  consists  of  five  volumes  of  oxygen  uni- 
ted to  two  of  the  other  element. 

Chlorous  Acid. — When  chlorate  of  potash  in  fine  powder  is  decom- 
posed by  moderately  strong  sulphuric  acid,  the  chloric  acid,  at  the 
moment  of  being  set  free,  breaks  up  into  two  other  compounds,  one 
containing  more,  and  the  other  less  oxygen,  the  former  being  the 
chlorous,  and  the  latter  the  perchloric  acid,  SCl.Oj  giving  2(Ck 
O4)  and  CI.O5."  This  process  must  be  conducted  very  cautiously,  and 
the  retort  warmed  very  gently  in  a  water  bath.  The  chlorous  acid 
may  be  collected  over  mercury,  or,  from  its  great  density,  like  chlo- 
rine, in  a  dry  jar  ;  there  remains  in  the  retort  a  mixture  of  bisul- 
phate  and  of  perchlorate  of  potash. 

This  acid  gas  is  of  a  rich  yellowish- green  colour,  and  an  aromatic 
odour  ;  it  is  rapidly  absorbed  by  water  ;  it  bleaches  strongly,  and  is 
a  powerful  oxidizing  agent,  its  elements  separating  from  the  slightest 
causes.  If  it  be  heated  above  212°,  it  explodes  with  aflashof  l%ht; 
phosphorus  immersed  in  it  takes  fire  spontaneously,  and  burns  brill- 
iantly in  the  mixture  of  chlorine  and  oxygen  which  results  from  its 
decomposition.  This  may  be  very  well  shown  by  placing  some 
crystals  of  chlorate  of  potash  and  some  phosphorus  together,  at 
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J  bottom  of  a  tall  glass  fiDed  with  water,  and  conducting  to  the 
,  by  means  of  a.  long  glass  funnel,  some  oil  of  vitriol  j  the 
phosphorus  burns  in  each  hubble  of  chlorous  acid  gas  which  forms, 
and  a  brilliant  combustion  under  water  results. 

When  this  g-as  is  decomposed,  100  volumes  produce  ]50,  of  which 
' '     '  e  and  100  oxygen  ;  its  specific  gravity  may  therefore 
to  be  2337-5. 
ous  acid  combines  with  bases  to  form  salts,  chlorites, 
s  bleaching  properties,  but  are  not  of  much  importance, 
as  they  do  not  enter  into  practical  use. 

Pwcklorie  Acid.-~-1'a\s  acid  is  formed  in  the  process  for  obtaining 
chlorous  acid,  as  already  described,  and  is  obtained  by  washing  the 
saline  residue  with  cold  water.  The  bisulphate  of  potash  readily 
dissolves,  leaving  behind  the  perchlorate  of  potash,  which  is  biit 
sparingly  soluble  therein ;  this  may  then  be  dissolved  in  boiling 
water,  from  which  it  crystailizes  as  the  solution  cools.  When  the 
object  is  only  the  preparation  of  perchloric  acid,  and  not  of  chlorous 
acid,  the  process  becomes  easier  by  heating  chlorate  of  potash  with 
dilute  nitric  acid ;  .the  elements  of  the  chlorous  acid  are  then  sep- 
arated, merely  mixed  together,  and  the  explosions  and  sputtering 
which  occur  with  sulphuric  acid  are  avoided. 

In  the  process  of  obtaining  oxygen  from  chlorate  of  potash,  there 
occurs  a  period  at. which  it  is  necessary  to  elevate  the  temperature 
very  much  in  order  to  keep  up  the  evolution  of  gas  ;  this  arises 
from  the  salt  being  at  first  decomposed  into  oxygen,  chloride  of 
potassium,  and  perchlorate  of  potash,  3(K.O.C1.0,}  giving  SfCl.K.) 
and  K.O.Cl.O;,  while  SO.  are  evolved  as  gas.  This  is  exactly  half 
of  the  oxygen  which  the  salt  contains.  If  the  saline  mass  then  re- 
maining be  washed  with  a  small  quantity  of  water,  the  chloride  of 
potassium  dissolves,,  and  the  perchlorate  of  potash  remains  behind. 

Perchloric  acid  may  be  prepared  from  tliia- potash  salt  by  mixing' 
it  in  a  retort  with  half  its  weight  of  oil  of  vitriol,  and  as  much  wa- 
ter, and  distilling;  the  acid  passes  over  with  the  water.  If  it  be 
distilled  with  an  excess  of  oil  of  vitriol,  it  may  be  obtained  free  from 
water,  and  is  then  a  white  crystalline  mass,  very  deliquescent,  and 
evolving  great  heat  when  mixed  with  water.  In  this  process,  iiow- 
eve-r,  a  great  part  of  the  acid  is  decomposed. 

The  perchloric  acid  is  the  most  stable  compound  of  chlorine  and 
oxygen.  It  is  not  decomposed  by  muriatic  acid,  by  which  the  chlo- 
ric acid  is  irhmediately  decomposed,  a  mixture  of  chlorous  acid  and 
chlorine  being  evolved  ;  Cl.Oj  and.  Cl.H.  giving  H.O.  and  a  mixture 
of  Ci.O^  with  CI.,  which  was  described  by  Sir  Humphrey  Davy  as  a 
peculiar  gas,  Euchlorine.  By  this  means  the  salts  of  perchloric  and 
of  chloric  acid  may  be  distinguished.  It  is  not  decomposed  by  al- 
cohol, nor  has  it  any  spontaneous  action  on  organic  bodies.  It  is 
well  characterized  by  the  very  sparing  solubility  of  its  potash  salt, 
whence  it  has  been  empipyed  as  a  reagent  to  detect  that  alkali. 

The  constitution  and  equivalent  numbers  of  perchloric  acid  are  aa 
follows : 

Chlorine,  38-74         One  equivalent,       =442-6  or  35-4 

Oxygen,  _6l-26         Seven  equivalents,  =700-0  or  56^ 

100-00  TU26       9l^ 
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Compound  of  Cklorine  and  Hydrogen,. 

This  compound  exists  Tiatufally  as  a  g'lis,  of  which  a  solution  in 
water  has  heen  known  since  a  very  early  period  in  chemistry  under 
the  names  of  spirit  of  salt,  marine  acid,  niuriatic  acid;  hydrochloric 
acid,  and,  more  properly,  chloride  of  hydrogen..  In  speaking'  of  it 
nnder  ordinary  circumstances,  I  shall  use  the  common  names  of  li- 
quid or  gaseous  muriatic  acid,  according  as  it  is  free  or  combined 
with  ivater ;  but  in  cases  where  its  function's  in  combination  are  dis- 
cussed, I  shail  term  it  chloride  of  hydrogen. 

To  prepare  the  gaseous  muriatic  acid,  a  smnll  quantity  of  the  com' 
mercial  spirit  of  salt  may  be  placed  in  a  flask  or  retort  connected 
with  the  mercurial  pneumatic  trough,  and  the  gas,  which  passes  off 
■on  the  application  of  heat,  collected.  It  may  also  be  prepared  by 
the  action  of  oil  of  vitriol  on  common  Salt  ;■  water  being  decomposed, 
its  oxygen  unites  with  the  sodium,  forming  soda,  which  combines 
with  the  sulphuric  acid,  while  its  hydrogen,  uniting  with  the  'chlo 
rine,  produces  the  chloride  of  hydrogen,  which  is  given  off  as  a  gas ; 
the  reaction  may  be  thus  expressed:  S.O3H.O.  and  Ka.CI.  give  S. 
OaNa.0.  and  H.Cl. 

This  gas  may  also  be  formed  by  putting  together  chlorine  and  hy- 
drogen in  equal  volumes.  Even  in  diffuse  light  they  combine 
completely  in  some  hours,  but  in  the  direct  sunshine  the  union 
is  instant  and  explosive.  The  mixture  may  also  he  fired  by  the  ta- 
per or  by  the  electric  spark ;  the  colour  of  the  chlorine  disappears, 
and  the  resulting  muriatic  acid  gas  occupies  the  same  volume  as 
its  ingredients.  In  almost  all  cases  of  the  action  of  chlorine  on  or- 
ganic matters,  this  substance  is  also  formed  ;  indeed,  the  agency  of 
chlorine  in  bleaching,  and  in  decomposing  organic  compounds,  ap- 
pears generally  to  result  from  its  disposition  to  unite  with  hydro- 
gen. 

The  chloride  of  hydrogen- is  a  colourless  and  invisible  gas.  When 
completely  dry  it  has  no  action  on  vegetable  colours,  but  if  a  trace 
of  moisture  be  present  it  reddens  litmus  paper,  and  restores  the 
colour  of  turmeric  paper  that  lias  heen  browned  by  an  alkali ;  hence 
it  is  generally  looked  uporv  as  a  powerful  acid.,  when  mixed  with 
damp  air  it  forms  heavy  white  fumes  by  uniting  with  the  wa- 
tery vapour,  and  condensing  in  minute  drops  of  liquid  acid.  It  may 
be  liquefied  by  great  pressure.  It  cannot  be  breathed,  but  does  not 
produce  anything  like  the  suffocating  effects  of  chlorine. 
.  When  muriatic  acid  gas  is  put  in  contact  with  a  metallic  oxide, 
both  are  decomposed,  a  metallic  chloride  and  water  being  produced ; 
thus  Cu.O.  and  H.Cl.  give  Cu.Cl.  and  HjO.  If  any  of  the  moreoxi- 
dable  metals,  as  iron,  zinc,  or  potassium,  be  heated  in  a  current  of 
the  gas,  it  is  decomposed,  a  metallic  chloride  beitig  formed  and  hy-- 
drogen  gas.  evolved.  This  occurs,  also,  when  these  metals  are  im-' 
mersed  in  the  liquid  acid';  a  copious  effervescence  is  produced  by 
the  escape  of  hydrogBft,  and  the  water  holds  a  chloride  of  the  metal' 
in  solution.  In,  this  Way  muriatic  adid  may  be  proved  to  consist  of 
equal  volumes  of  hydrOgen  and  chlorine  united  withoutcondensa 
tion.  ■  Its  specific  gravity  is,  by  theory,' 
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One  volume  of  chlorine =3470  0 

One  volume  of  hydrogen =    68-3 

giv^  two  volumes  of  muriatic  acid   ....    =;3538  8 

of  which  one  weighs,  therefore 1S6S  4 

Its  constitution  and  equivalent  nurabers  are  therefore, 

Chlorine,     97-26       One  equivalent,     ^442-6  or  35-4 
Hydrogen,    2-74       One  equivalent,     =   12  5  or     1-0 
100-00.,  isFl        36^ 

This  gas  is  distinguished  by  its  great  affinity  for  water.  If  a  jar 
of  it  be  opened  under  water,  this  fluid  rushes  in,  as  if  it  were  into  a 
vacuum.  If  a  fragment  of  ice  he  introduced  into  a  bell  glass  of  the 
gas,  over  mercury,  the  ice  instantly  melts,  and  the  mercury  rises 
in  the  tube,  the  gaa  being  totally  absorbed.  The  solution  of  the 
gas  in  water  ia  one  of  the  most  valuable  agents  in  chemical  re- 
search. 

To  prepare  liquid  muriatic  acid  in  the  laboratory,  chloride  of  sodium  is  to  be  in- 
troduced into  a  glass  globe,  placed  in  a  sand-hath  on  the  fi^rnaee,  and  then  an  equal 
weight  of  sulphuric  acid  and  water,  mixed  together,  are  to  be  introduced  by  the  liiU' 
nel ;  the  decomposition  proceeds  aa  already  eiplained,  and  the  gas  evolved  paasea 


■)y  the  tube  into  the  first  of  a  range  of  three-necked  bottles,  as  in 
bottleisabout  half  fUlI  of  water.  When  that  in  the  first  has  become  completely  sf 
urated  with  the  gas,  this  passes  into  the  second,  and  when  it  has  been  saturated, 
into  the  third.  The  vertical  tube  in  the  central  neck  of  each  bottle  ia  a  aafety-tube, 
the  action  of  which  is  as  follows.  If  a  sudden  condensation  oecm^red  in  the  first 
bottle,  the  acid  in  the  second  might,  by  the  greater  pressure  on  its  surface,  be 
forced  hack  into  it ;  but,  before  it  can  rise  so  high  as  to  pass  through  the  connecting 
tube,  the  external  air  enters  by  the  safety-tube,  being  driven  in  by  the  difference  of 
pressure  inside  and  outside,  and  thus  restores  the  equilibrium.  Pare  muriatic  acid 
may  be  much  more  conveniently  prepared  for  laboratory  use  by  rectifying  the  spir- 
its of  salt  of  commerce.  When  this  is  placed  in  a  distilling  apparatus,  arranged  aa 
that  figured  in  p.  378,  and  about  one  fourth  as  much  water  is  introduced  into  the 
receiver  to  condense  the  quantity  of  gas  which  is  first  expelled,  the  distillatioh  may 
be  carried  on  until  the  retort  is  nearly  empty,  and  an  acid  bo  obtained  completely 
pare,  and  of  a  very  convenient  strength  for  the  general  range  of  applications. 

The  manufacture  of  this  acid  is  carried  on  on  a  very  large  scale  more  generally 
with  a  view  to  the  extraction  of  the  alkali  fromthe  residual  sulphate  of  soda  than  foi 
the  sake  of  the  muriatic  acid,  the  great  difficulty  in  a  soda  factory  being  how  to  get  rid 
of  the  muriatic  acid  which  is  produced.     When  the  object  is,  however,  to  p-epare  the 
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Itijuid  acid,  precisely  the  same  apparatus  is  employed  as  for  tlie  maniifarture  of  nitric 
acid,  wliich  has  been  already  figured  and  described  (p.  37S),  the  cylinders  being 
Bomewhat  larger,  as  from  four  to  five  ewts.  of  common  salt  are  generally  decom- 
posed in  each  cylinder  at  a  charge ;  the  upper  part  of  the  cylinder  is  generally,  both 
in  this  operation  and  in  the  making  of  nitric  acid,  protected  from  the  too  corrosive 
action  of  the  acid  vapours  by  being  lined  internally  with  thin  fire-tiles,  and  the 
heads  e  e  in  the  figure  are  very  frequently  constructed,  not  of  metal,  but  of  Iree- 
slone  or  of  granite-  I"  the  decomposition  of  the  salt  upon  this  large  scale,  the  oil 
of  vitriol  is  employed  of  the  strength  U>  which  it  is  brought  in  the  chambers,  without 
concentration,  and  in  such  quantity  that  for  eacli  equivalent  of  chloride  of  sodium 
an  equivalent  of  real  sulpburic  acid  is  employed.  The  strongest  liquid  muriatic 
jcid,  thus  prepared,  possesses  a  specific  gravity  of  ISll.  In  order  to  obtain  water 
fully  saturated  with  the  gas,  it  must  be  kept  near  the  freezing  point  by  artificial 
cold ;  it  then  absoi-bs  480  times  its  volume  and  increases  in  bulk  liy  about  one  fifth. 
Its  constitution  U  qaite  definite,  for  in  this  slate  it  consists  of  H  CI  +6H  0  ,  or  la 
uumbei^. 

Muriatic  acid    .  40  37        One  equivalent       =455  1  or3Fi4 

Water      ...  59  73        Six  equivalents      :=6~5  0  or  54  0 

UiO^O  1130  1       SO  4 

When  this  concentrated  acid  is  heated  it  evolies  a  large  qiiantitj  of  gas  and 

the  boiling  point  gradually  rises  to  230"  at  which  temperature  the  re'Jiduai  acid 

distils  over  unchanged ;  it  then  has  a  t-peciflt,  gravity  of  1  094  and  consists  of 

H.Ci-.+lfiH.O..  or  in  numbers. 

Muriatic  acid    ,  3013        One  equivalent  =  45")  1  oi    3fi  * 

Water     ,    .    .  79  87       Sixteen  equivalents  .    ,  =1800  0  or  14411 

lUO'OO  'SB551        180  4 

Graham  has  found  that  the  strong  acid,  when  evaporated  in  the  open  air,  aban- 
dons a  quantity  of  gas,  while  the  remaining  liquid  becomes  H.Cl-]-12H.O. 

The  metallic  character  of  hydrogen,  and  the  analogy  of  its  combinations  with 
those  of  zinc,  are  completely  shown  by  comparing  the  formulae  of  the  compounds 
of  oxide  and  chloride  of  hydrogen  with  the  compounds  of  oxide  and  chloride  of  zinc, 
and  their  combinations  with  water.  Thus  I  have  shown  that  the  hydrates  of  oiqr- 
ehlorije  of  sine  are  as  follows : 

Zn.Cl.-l-6Zn.O. 
Zn.Cl.-i-6Zn,0.-f  6Aq. 
Zn.Cl.-i-6Zii,O.4-10Aq. 
and  the  definite  states  ofllquid  muriatic  acid  are 
1I.C1,-1-6H.0. 
HCL+OH-O.-I-  6Aq. 
H.C1.4-6H.O.+10Aq. 
As  we  proceed,  other  similar  proofs  of  the  electro- positive  and  metallic  character 
of  hydrogen  will  be  found. 

The  o5ier  degrees  of  strength  of  the  liqiiid  n 
of  one  or  otiier  of  these  definite  compounds  ;  a 
appendix. 

The  muriatic  acid  of  commerce  frequently  contains  sulpliuric  acid, 
Jind  always  a  trace  of  iron,  derived  from  tlie  metal  cylinders  in 
which  it  is  fabricated.  Occasionally,  sulphurous  acid  is  formed  in 
it  in  small  quantity.  These  impurities  are  detected  thus  :  by  dilu- 
ting the  muriatic  acid  with  water,  and  adding  nitrate  of  barytea,  a 
white  precipitate  is  formed  if  sulphuric  acid  be  present ;  yellow 
ferropriissiate  of  potash  indicates  the  existence  of  iron  ;  while  solu- 
tion of  protochloride  of  tin  produces  a  brown  precipitate  of  sulphuret 
of  tin  if  sulphurous  acid  had  been  present. 

Muriatic  acid  is  easily  recognised,  as  a  gas,  by  its  action  on  moist 
litmus  paper,  its  fu.tiing  in  the  air,  its  forming  with  ammonia  dense 
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^Mhite,  clouds. ol. sal  ammoniac,  and  in  solution,  by,giving\vith  nitrate 
of  silver  a  ourdy  white  precipitate,  wliicli  blackens  on  exposure  to 
light,  is  totally  insoluble  in  nitric  acid,  hut  dissolves  easily  in  water 

JVitromm:ialic  Jlci^.  ,.^qua  Regia.—Whcn  nitric  and  .muriatic 
acids,  both  colourless,  are  mixed  together,  the  mixture  becomes 
deep  yfillow,  and  exhales  a  strong  smell  of  chlorine  and  of  nitrous 
acid,  H.Cl.  andN.O^  giving  CI,  and  N.0„  with  formation  of  H.O; 
.This  decomposition,  however,  proceeds  ;Only  so  far  as  to  saturate 
the  liquid  with  chlorine;  but.  if  a  metal  be  placed  in  the  liquid  it 
unites  w-ith  tke  chlorinej  and  new  quantities  of  i!ie  acid  are  decom^ 
j»psed..    Thus  the,  nitromuriatic  acid. is  a  source  of, chlorine  i 


isolve  gold 


mce  employed  t 
n  nitric  acid,  and  t 

sist  the  action  of  nitric  acid, 
t  from  its  power  of  dissolving 


very  concentrated  state,  and  is  1 
and  platina,  which  are  not  soluble 
bodies  (metallic  sulphurets),  which  t 
The  name  aqua  regia,  was  given  t 
.gold,  the  ancient  rex  metallorum. 

Cliloride  of  Sulphur.^— la  crder  to  obtain  this  body,  a  qoantLty  of,  sulphur  is  placed 
in  a  tubulated  retort,  into  which  a  current  of  chlorine  gas  is  conducted  hy  means 
of  the  bent  tnhe  e,  in  the  ligure. 
The  chlorine  and  aniphnr  nnite  to 
form  a  vulatile  reddish  yellow  li- 
tjiiid,  which  distils  over,  and  con- 
dens"3  in  the  receiver  /,  which 
must  je  kept  very  cool;  anyancon- 
densed  gas,  is  .conducted,  away  bj 
the  tube.;.    The  chloride  of  sul- 
phur, thus  obtained,  has  always 
an  excess  of  sulphur  dissolved  ia 
it,  from  which  it  may  be  freed  by 
a  second,  distillation.    ,!(ts  specilic 
0  the  air  it  gives  pff  very  ai^rid  furnea^  it.  boils 
vapour  is  4686.    It  consists  of  ojie  equivalent  of 
S9CI.,  and  in  contact  with  water,  miirialio  acid, 
formed  by  mutual  decompositioiv 


gravity  is  1'687.  When  exposed 
at  380°  ;  the  specific  gravity  of  it 
chlorine  united  to  two  of  sulphur 
sulphur,  and  hyposiilphi 


consisting  of  one  eqniva- 


is  probable  that  there  is  another  chloride  of  si 
lent  of  each,  S.  CI. 

Cblaridea  of  PJosyAnnis.—Chlorino  unites  with  phosphorus  in  two  pmportions, 
forming  a  liquid  protochloride,  P.CI,,  and  a  solid  perchloride,  P.CI5.    These  may 
'  '    a  simple  apparatus,  like  that  nsed  for  chloride  of  sulphur ;  but  as  a 
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of  it  here.  The  chlorine  is  generated  hy  liqiiiil  muriatic  acid  and  peroxide  of  man- 
ganese, in  Ihe  flasit  a,  supported  on  a  sand-bath  over  the  lamp ;  from  it  a,  bent  tobe 
passes  to  the  receiver  J,  in  which  a  quantity  of  waterj  vapour  is  condensed,  and 
serves  (o  absorb  any  muriatic  acid  gas  that  might  escape  decomposition.  Hie  pure 
fililorine  passw  then  through  the  tnbe  e,  whicli  is  filled  with  fragments  of  fused 
fiiloride  of  calciuin,  which,  from  its  great  affinity  for  water,  dries  the  gas  comjjletely. 
In  the  bulb  e  is  contained  the  substance  to  be  acted  on  by  the  chlorine,  and  the 
product  of  the  reaction,  if  volatile,  distils  over  into  the  receiver  k,  in  which  it  conden- 
ses i  the  excess  of  chlorine  escapes  by  the  tube  /,  and  a  stream  of  water  from  ^e 
reservoir  i  &  retains  the  receiver  *  at  the  tempeiatuie  proper  forcondfensation- 

The  phospliorus  being  placed  in  tbe  bull) «,  taltes  fire  on  the  arrival  of  the  chloi;ine' 
ps,  and  continues  burning  until  it  is  all  converted  into  the  liquid  chloride  which 
collects  in  L  While  there  is  an  excess  of  pbosphorns,  the  protoehloride  is  princi- 
pally formed ;  but  after  ail  the  pliosphorus  has  been  consumed,  if  the  current  of 
chlorine  be  continued,  it  is  absoriied  by  the  liquid  in  £,.which  changes  into  the  solid 
perchloride. 

The  Protoehloride  of  Phos;plwrus  is  obtained  pure  by  stopping  the  process  before 
all  the  pbosphorus  has  been  consumed,  and  rectifying  the  colourless  liquid  by  dis- 
tilling it  in  a  retort  containing  some  bits  of  phosphorus,  which  bring  ijack  any  per- 
chloride it  might  contain  dissolved,  to  the  state  of  protoehloride.  This  body  is 
heavier  than  water,  by  which  it  is  completely  decomposed,  P.CI3  and  3H.0,  giving 
P.O)  and  3H.CI.  It  is  thus  that  the  liquid  phosphorous  acid  is  obtained,  as  de- 
scribed in  p.  297. 

The  Perchloride  of  Phospkoras  is  a  white  solid,  volatile  under  SIS",  and  conden- 
sing in  a  crysUlline  form.  In  contact  with  water,  it  is  decomposed  with  the  evo- 
lution of  great  heat,  producing  phosphoric  acid  and  muriatis  acid,  P.Clg  and  SH.O. 
giving  P.O,  and  6H,0. ;  the  sp.  gr.  of  its  vapour  is  47S8,  consisting  of  tenvQlumea 
of  chlorine  and  one  of  vapour  of  phosphorus,  the  eleven  being  condensed  lo  sis. 

Thei'e  is  a  C/daride  of  Seladwn  analogous  in  general  properties  to  the  ehloridn 
of  sulpliur. 

Iodine. 

Iodine  is  found  principally  in  sea-water,  associated  iv.illi  chlorine, 
combined  witli  sodium  and  magnesium.  It  has  beei;  also  discover- 
ed in  the  mineral  kingdom,  united  with  silver.  For  the  purposes  of 
commerce  it  is  always  extracted  from  kelp,  which  is  a  semifused 
masa  of  suline  ashes  remaining  after  the  burning  of  vtirious  species 
of  fuci  (sea-weed). 

For  this  purpose,  the  powdered  kelp  is  lixiviated  in  water,  to 
which  it  yields  about  half  its  weight  of  salts.  The  solution  is  evap- 
orated down  in  an  open  pan,  and  ivhen  concentrated  to  a  certain 
^loint,  begins  to  deposite  its  soda-salts,  namely,  common  salt,  car- 
bonate and  sulphate  of  soda,  which  are  removed  from  the  boiling 
liquid  by  means  of  a  shovel  pierced  with  holes  like  a  colander. 
The  liquid  is  afterward  run  into  a  shallow  pan  to  cool,  in  which 
It  deposites  a  crop  of  crystals  of  chloride  of  potassium;  the  same 
operations  are  repeated  on  the  mother-ley  of  these  crystals  until  it 
is  exhausted.  A  dense,  dark-coloured  liquid  remains,  which  con- 
tains the  iodine,  in  the  form,  it  is  believed,  of  iodide  of  sodium,  bul 
mixed  with  a  largo  quantity  of  other  salts,  and  this  is  called  tlie 
iodine  ley.    . 

To  this  ley,  sulphuric  acid  is  gradually  added  in  such  quantity 
as  to  leave  the  liquid  very  sour,  which  causes  an  evolution  of  car- 
bonic acid,  sulphuretted  hydrogen,  and  sulphurous  acid  gases,  with 
a  considerable  deposition  of  sulphur.  After  standing  for  a  day  or 
two,  the  ley  so  prepared  is  heated  with  peroxide  of  manganese,  to 
separate  the  iodine.     This  operation  is  conducted  in  a  leaden  retort, 
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a,  of  a  cylindrical  form, 
supported  in  a  sand-bath, 
which  is  healed  hy  a 
saiall  fire  below.  The 
retort  has  a  large  open 
ing,  to  which  a  capital, 
6,  c,  resembling'  the  head 
of  an  alembic,  is  adapt- 
ed, and  luted  with  pipe- 
clay. In  the  capital  it- 
self there  are  two  open- 
ings, alarger  and  a  small- 
er, at  b  and  c,  closed  by 
leaden  stoppers.  A  se- 
ries of  bottles,  d,  having 
each  two  openings,  con- 
nected together,  as  rep- 
resented in  the  figure, 
and  with  their  joinings  luted,  are  used  as  condensers.  The  prepa- 
red ley  being  heated  t^  about  140^  io  the  retort,  the  manganese  is 
then  introduced,  and  b  c  luted  to  a.  Iodine  immediately  begins  to 
come  off,  and  proceeds  on  to  the  condensers,  in  which  it  is  collect- 
ed i  the  progress  of  its  epolution  is  watched  by  occasionally  re- 
moving the  stopper  at  c  ;  and  additions  of  sulphuric  acid  or  maij- 
ganese  are  made  by  b,  if  deemed  necessary.  This  description  of 
the  manufacture  of  iodine  upon  the  large  scale  at  Glasgow  is  due 
to  Professor  Graham. 

In  this  operation,  the  peroxide  of  manganese  will  be  in  contact 
at  once  with  hydriodic,  hydrochlorio,  and  sulphuric  acids  ;  but  for 
success,  the  quantity  of  sulphwric  acid  must  be  sufficient  only  to  de. 
compose  the  iodides,  but  not  the  chlorides.  If  both  were  decom- 
posed, the  chlorine  and  iodine  simultaneously  evolved  would  unite 
to  form  chloride  of  iodine,  by  which  the  aodit^e  would  be  lost ;  but 
as  the  chlorine  remains  combined,  the  action  becomes  simply,  that 
the  metal  of  the  iodide  present  is  oxidized  by  the  oxide  of  manga- 
nese, and  the  iodine  set  free  ;  thus,  with  iodide  of  sodium,  S.O3-1- 
Mn.Oa  and  Na.I.  give  Mn.O. .  S.O3 .  Na.O.  and  I. 

Another  mode  of  preparing  iodine  consists  in  adding  to  the  solu- 
tion containing  iodide  of  sodium,  a  solution  of  sulphate  of  copper. 
in  which  the  copper  is  reduced  to  the  state  of  sub-oxide  (CujO.)  bv 
means  of  protosulphale  of  iron  dissolved  along  with  it.  By  the  in- 
terchange of  elements,  sulphate  of  soda  is  formed,  and  a  sub-iodid" 
of  copper  of  a  very  pale  yellow  colour,  and  quite  insoluble 
in  water,  is  produced,  S-Os+CojO.  and  Na.I,  giving  S.Oa  + 
Na.O.  and  CuJ.  This  last  is  then  decomposed  by  peroxidi> 
f  manganese  and  sulphuric  acid,  as  in  the  former  process ■• 
1  this  way  the  various  crystallizations  described  above 
may  be  avoid^ed. 

Iodine  exists  generally  in  crystalline  sca.es  of  a  bJuish 
black  colour  and  metallic  lustre.     It  may  also  he  obtained 
from  solution,  in  the  form  of  oblique  octohedrons  with  a 
rhomboidal  base,  as  in  the  figure,  or  in  prisma.     The  density  ol 
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iodine  is  4945 ;  it  fuses  at  225",  and  boils  at  347°  ;  but  it  evaporates 
at  the  usual  temperatuve,  and  more  rapidly  when  damp  than  when 
dry,  diffusing  an  odour  having  considerable  resemblance  to  chlorine, 
but  easily  distinguished  from  it.  Iodine  stains  the  skin  of  a  yellow 
colour,  which,  however,  disappears  in  a  few  hours.  Its  vapour  is  of 
a  splendid  violet  colour,  which  is  seen  to  great  advantage  when  a 
scruple  or  two  of  iodine  is  thrown  at  once  upon  a  hot  brick.  Hence 
its  name,  from  loeidTjc,  violet-coloured.  The  vapour  of  iodine  is 
one  of  the  heaviest  of  gaseous  bodies,  its  density  being  8707-7,  ac- 
cording to  calculation  from  its  atomic  weight. 

Pure  vrater  dissolves  about  l-7000th  of  its  weight  of  iodine,  and 
acquires  a  brown  colour.  In  general,  iodine  comports  itself  like 
chlorine,  but  its  affinities  are  much  less  powerful.  Iodine  is  soluble 
in  alcohol  and  ether,  with  which  it  forms  dark  reddish-brown  liquors ; 
solutions  of  iodides,  too,  all  dissolve  much  iodine. 

A  solution  of  starch  forms  an  insoluble  compound  with  iodine,  of 
a  deep  blue  colour,  the  production  of  which  is  an  exceedingly  deli- 
cate test  of  iodine.  If  the  iodine  be  free,  starch  produces  at  once 
the  blue  precipitate  ;  but  if  it  be  in  combination  as  a  soluble  iodide, 
no  change  takes  place  till  chlorine  is  added  to  liberate  the  iodine. 
If  more  chlorine,  however,  he  added  than  is  necessary  for  that  pur- 
pose, the  iodine  is  withdrawn  from  the  starch,  chloride  of  iodine 
formed,  and  the  blue  compound  destroyed.  The  iodide  of  starch,  in 
water,  becomes  colourless  when  heated,  but  recovers  its  blue  colour 
if  immediately  cooled.  The  soluble  iodides  give,  with  nitrate  of 
silver,  an  insoluble  iodide  of  silver,  of  a  paie  yellow  colour,  insoluble 
in  ammonia ;  with  sahs  of  lead,  an  iodide  of  a  rich  yellow  colour  j 
nnd  with  corrosive  sublimate,  a  fine  scarlet  iodide  of  mercury. 

Iodine  combines  with  most  of  the  non-metallic  bodies,  and  with 
all  the  metals,  forming  compounds  which  possess  the  closest  sim- 
ilarity to  the  analogous  compounds  of  chlorine.  It  is  employed  in 
the  laboratory  for  many  chemical  preparations,  and  as  a  test  of  starch 
and  for  several  metals. 

Compounds  of  Iodine  and  Oxygen. 

Iodine  appears  to  combine  with  oxygen  in  three  proportions,  form 
ing~  the  iodous  add,  the  iodic  acid,  and  the  periodic  acid.  Of  the  con- 
stitution of  the  first  there  is  nothing  positively  known;  it  has  not 
been  isolated,  and  the  substances  that  have  been  supposed  to  contain 
it  may  also  be  considered  as  compounds  of  an  iodide  with  an  iodate. 
The  description  of  these  compounds  will  be  found  in  the  chapter 
on  the  salts;  and  I  shall,  therefore,  at  present,  only  notice  the  other 
two  acids. 

Iodic  Acid. — This  acid  may  be  very  easily  prepared  by  boiling 
iodine  in  fuming  nitric  acid  until  it  is  ail  dissolved,  and  then  distil 
ling  otTthe  excess  of  acid  ;  the  iodic  acid  remains  as  a  white  crys 
tallioe  mass,  which  deliquesces  in  the  air.  If  the  quantity  of  iodine 
be  large,  this  process  would  occupy  a  very  long  time  ',  and  a  much 
shorter,  though  more  complex  method  is  the  following:  The  iodine 
being  diffused  through  water,  a  current  of  chlorine  is  passed  through 
it  until  all  iodine  is  dissolved;  the  acid  liquor  so  obtained  is  to  be 
neutralized  by  carbonate  of  soda,  by  which  a  quantity  of  iodine  is 
Eb 
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precipitated;  the  chlorine  is  then  passed  through  until  this  iodine 
disappears,  aud  then  more  carbonate  of  soda  added,  and  this  alter- 
nation continued  until  the  addition  of  the  carbonate  of  soda  produces 
no  deposite  of  iodine;  the  solution  contains  then  iodate  of  soda  and 
chloride  of  Bodiiim,  generated  by  the  decomposition  of  the  soda  by 
the  ohloride  of  iodiue  first  formed.  Thus  5C1.  and  I.  produce  I.Cl,, 
which,  with  6Na.O.,  give  5Na.Cl.  and  Na.0.,+1.03.  This  solution  is 
then  mixed  with  a  solution  of  a  salt  of  barytes,  and  iodate  of  bavytes 
precipitates,  which  may  be  decomposed* by  boiling  it  for  some  time 
with  one  fourth  its  weight  of  oil  of  vitriol  and  JJ  times  its  weight 
of  water ;  the  sulphate  of  barytes  may  be  then  separated  by  the  fil- 
ter, nnd  the  solution  of  iodic  acid  evaporated  gently  to  dryness. 

Iodic  acid  is  very  soluble  in  water;  from  a  strong  solution  it  crys 
tallizes  in  rhombic  plates  and  octohedrons.  When  heated  strongly, 
it  separates  into  iodine  and  oxygen.  It  first  reddens,  and  then 
bleaches  litmus  paper.  It  acts  as  powerfully  as  nitric  acid  in  oxi- 
dizing the  metals.  When  mixed  with  solution  of  sulphurous  acid, 
water  and  sulphuric  acid  are  formed,  and  iodine  is  set  free  j  with 
sulphuretted  hydrogen  it  gives  water  and  iodide  of  siilphur.  By  an 
excess  of  these  agents,  the  iodine  is  finally  converted  into  iodide  of 
hydrogen.  By  these  means  the  iodic  acid  may  be  recognised,  and 
also  by  its  peculiar  action  upon  morphia,  which  it  decomposes,  io- 
dine beinc  set  free.  This  is  more  valuable  as  a  character  of  mor- 
phia than  of  iodic  acid. 

The  salts  of  iodic  acid  resemble  the  chlorates  in  most  respects, 
and,  like  them,  when  heated,  separate  into  oxygen  and  a  metallic 
iodide.  One  mode  of  preparing  the  iodide  of  potassium  of  com- 
merce is  founded  on  this  property.  Iodine  is  dissolved  in  a  solution 
of  potash,  and,  when  dried  down,  gives  a  mixture  of  5K.I.  and  I.Oj . 
K.O.  When  this  mass  is  fused,  osygen  is  given  off  in  abundance, 
and  ultimately  pure  K.I.  remains.  The  commercial  salt  prepared  in 
this  way  has  been  shown  by  Mr.  Scanlan  frequently  to  contain  iodate 
of  potash,  either  fradulontly  or  accidentally,  left  undecomposed. 

The  composition  and  equivalent  numbers  of  the  iodic  acid  are  as 
follows,  its  formula  being  I.O; : 

Iodine,      75-96  One  equivalent,     =1679-5  or  126-6 

Oxygen,   24-04  Five  equivalents,  =  500-0  or    40-0 

100^  2079^      "166^ 

Its  elements  are  united  in  the  proportion,  by  volume,  of  two  vol- 
umes of  vapour  of  iodine  to  five  volumes  of  oxygen. 

Periodic  Acid,  1,0,.— If  a  solution  of  iiidate  of  soila  be  mixed  with  a  great  excess 
of  caustic  Boda,  aad  acted  upon  by  a  current  of  chlorine,  a  quantity  of  the  soda  is 
decomposed ;  ite  sodium  cumbining  with  the  chlorine,  while  its  oxygen,  being  added 
to  the  iodic  acid,  converts  it  into  the  periodic  acid,  which  combiiies  with  two  equiv- 
alents of  aoda.  Thus,  8C1.  abtingfin  9Na.O.  and  I.Os-|-Na,0.,prodaoe3Na-01.  and 
I.Oi-J-SNa.O.  On  adding  to  the  solution  of  this  salt  nitrate  of  sQver,  alraSic'peri- 
6date  of  silver  is  produced,  which,  being  dissolved  in  nitric  acid,  gives  yellow  crys- 
tals of  neutral  periodate  of  silver  ■  When  put  in  contact  with  water;  these  crystals 
are  decomposed,  half  of  the  periodic  acid  precipitating  with  the  wiiole  of  the  oxide 
of  silver  as  the  insolul)lesalt,I.07-l-3Ag,0.,'whiie  the  other  half  of  the  acid  remains 
in  solution  quite  pure,  and  by  evaporation  may  be  obtained  asa  while  crystalhzed 

This  acid  is  more  stable  tlian  the  iodic  acid ;  it  resists  a  higher  temperature 
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W^tUoHt  deeqijiposition.    All  its  important ,  characters  may  be  inferred  from  tha 

Bielhod  of  preparation, 
lis  coiopusition  and  equivalent  numbers  are, 

Iodine,      69-31  One  equivalent,       =1579-5  or  iS6-6 

Oxygen,  30  69  Seven  equivalents,  ==  700-0  or    66-0 

100-uu  "asrFB     leae 

Compound  of  Iodine  and  Hydrogen.  Hydriodic  Add. 
There  is  but  one  compound  of  iodine  with  hydrogen  :  this  exisis 
under  ordinary  temperatures  and  pressure  as  a  colourless  gas,  which 
may  he  best  generated  in  the  following  manner  :  Some  iodine,  and 
small  fragments  of  phosphorus  are  to  be  put  together  at  the  bottom 
pf  a  glass. tube,  then  covered  with  pounded  glass,  and  gently  heated, 
so  aa  to  produce  combination.  Iodide  of  phosphorus  ia  thus  formed. 
If  a  little  water  be  now  poured  on  the  poum' 
glass,  it  filters  through  to  the  bottom,  and  there, 
acting  violently  on  the  iodide,  of  phosphorus,  is 
decomposed;  from  P.I.  and  H.O.  there  are  pro- 
duced P.O.  and  H.I.  To  the  mouth  of  the  tube 
may  be  adapted,  by  a  cork,  a  smaller  tube,  bent 
as. in  the, figure,  ajid  the. hydriodic  acid  gas  issu- 
ing from  i\  may  be  collected.  This  gas  is  obtain- 
ed by  the  method  of  displacement,  as  has  been 
described  for  chlorine  (p.  3051) ;  and  as  it  fumes 
like  muriatic  ticid  iri  contact  with  the  air,  it  can 
easily  be  recognised  when  the  bottle  is  full. 

The  specific  gravity  of  this  gas  is  4385,  produced  by 

One  volume  of  vapour  of  iodine =8701-0 

One  volume  ofhydrogen =    68  8 

nnited  without  condensation 8763-8 

and  one  volume  weighing,  therefore 4384  9 

To  obtain  hydriodic  acid  dissolved  in  lyater,  the  simplest  process 
is  to  act  on  iodine,  diffused  through  water,  by  sulphuretted  hydrogen 
gas.  The  iodine  combines  with  the  hydrogen,  and  the  sulphur  is 
set  free.  When  the  iodine  has  all  disappeared,  the  liquor  should  be 
well  boiled,  to  drive  off  the  excess  of  sulphuretted  hydrogen,  and 
then  filtered  ;  the  liquid  hydriodic  acid  may  be  evaporated  to  a  sp. 
gr.  of  1'700 :  it  is  then  in  its  strongest  form,  and  may  be  distilled 
unaltered.  Liquid  hydriodic  acid  reildens  litmus  paper  strongly; 
it  dissolves  iodine  in  large  quantity ;  it  is  decomposed  by  all  the 
oxidable  metals,  and  even  by  mercury  ;  and  hence  the  gaseous  acid 
cannot  be  collected  over  mercury.  Exposed  to  the  air,  it  rapidly 
absorbs  oxygen,  water  being  formed,  and  iodine  being  set  free.  It  ia 
decomppsedby  siilphuric  acid,  suiphurpua  acid  and  iodine  being  pro- 
duced j  also  by  nitric  acid  and  by  chlorine. 

Hydriodic  acid  may  also  be  obtained  by  acting  on  iodide  of  barium 
with  dilute  sulphuric  acid. 

Its  composition  and  equivalent  numbers  are  as  follows : 
Iodine,         99-22  One  equivalent,  =1579'5  or  126-6 

Hydrpgen^TS  One  equivalent,  =__  I2;5  or       1-0 

100-00  "1592^      127^6 


by  Google 


316  lODO-PHOSPHUKET     OP     HYDROGEN. 

A  solution  of  hydriodic  acid  or  of  a  metal  produces,  with  nitrate 
of  silver,  a  curdy  pale  yellow  precipitate,  whicli  is  insoluble  iu  acids 
and  in  water  of  ammonia ;  by  this  character  the  iodides  are  distin- 
guished from  the  cbtorides,  even  without  the  aiJtion  of  starch  upon 
the  iodine  when  set  free. 

Iodine  and  sulphur  ma;  be  melted  together  in  equivalent  proportions,  and,  on 
cooling,  form  a  steei-gray  crystalline  mass,  iodide  of  sulphur,  which  is  decomposed 
gradually  by  exposure  to  the  air,  and  appears  to  be  rather  a  mixture  than  a  true 
compound  of  its  elements. 

When  iodine  and  phosphorus  are  warmed  together  very  gently,  they  combine, 
evolving  considerable  heat,  and  forming  iodides  of  phosphorus,  the  constitution  of 
which  depends  on  the  proportions  used ;  there  appears  to  he  at  least  three :  the 
first  fuses  at  S13°,  is  orange  coloured,  and  gives,  when  decomposed  bj;  vatcr,  hy- 
driodic and  hypophospborons  acids ;  its  composition  is  Iherefure  F.I. :  the  second  is 
gray ;  it  fuses  at  94",  and  gives,  with  water,  hydriodic  and  phosphorous  acids ;  its 
formula  is  hence  P.ls.  The  third,  which  produces,  when  decomposed  by  water, 
hydriodic  acid  and  phosphoric  acid,  couBistsofP.Ib  is  black,  and  melts  at  114°. 

Hydriodic  acid  combines  with  phosphuretted  hydro^n,  forming  a  white  solid 
compound,  the  constitution  of  wliich  is  of  considerable  mterest.  It  cannot  be  pre- 
pared directly,  as  the  gases  are  without  action  on  each  other  except  when  in  their 
nascent  Ibrni.  It  is  best  prepared  by  introducing  eight  parts  of  iodine,  two  of  phos- 
phorus, and  one  of  water,  into  a  retort,  mixed  with  some  coarsely-powdered  glass; 
to  the  neek  of  the  retort  is  adapted  a  wide  glass  tube  with  a  cork,  through  which  a 
small  tube  passes  and  dips  into  some  water.  On  applying  heat,  the  phosphorus 
and  iodine  unite,  and  the  iodide  of  phosphorus  being  instantly  decomposed  by  the 
water,  hydriodic  acid  and  hypophosphorous  acid  are  produced,  which  last  ia  re- 
solved,  by  contact  with  the  water  at  that  temperature,  into  phosphorous  aeid  and 
phosphuretted  hydrogen.  This  last  immediately  unites  with  the  hydriodic  acid,  and 
the  compound  formed  condenses  m  the  neck  of  the  retort  in  weU  shaped  crystals, 
which,  by  a  proper  management  of  the  heat,  may  be  driven  into  the  wide  glass  tube 
to  be  preserved.  The  excess  of  hydriodic  acid  gas  is  conducted  off  by  the  small 
tube,  and  condensed  in  the  water. 

This  body  was  supposed  to  crystallize  in  cubes,  and  to  be  isomorphous  with  hy- 
driodate  of  ammonia,  to  which  this  formula,  in  one  way,  might  assimilate  it, 
H.I.-I-P.H,  corresponding  to  H.I.4-N.H,,  the  difference  being  only  that  phosphorus 
rephtced  nitrogen.  It  will,  however,  be  shown  fully,  in  the  division  on  organic 
chemistry,  that  ammonia  is  not  mere  nitmret  of  hydrogen,  N.Hj,  but  that  it  cod- 
tains  amidogene  (N.Hg),  being  amidide  of  hydrogen,  Ad.H.  It  has  been  also  shown 
that  the  crystals  of  the  body  H.I.-|-P.Hs  are  not  cubes,  hut  belong  to  a  rhombic 
system.  When  I  come  to  describe  the  compounds  of  mercury,  I  shall  show  that 
there  exist  simitar  bodies  containing  phosphurct  of  mercuiy  and  nitruret  of  mercury, 
and  that  the  constitution  of  phosphuretted  hydrogen  may,  with  great  reason,  be 
supposed  to  be,  not  P.H„  but  that  a  quantity  of  phosphorus  equal  to  one  tliird  of 
its  ordinary  atomic  weight  unites  with  an  equivalent  of  hydrogen,  its  formula  being 
|,H.,  and  the  commonly  received  equivalent  of  phosphuretted  hydrogen  being  in 
reality  three  equivalents,  =i3.j.H.  I  therefore  consider  the  compound  which  I  have 
just  described  as  havuig  for  its  true  constitution  II.I.-{-3j.H.,as  there  will  be  here- 
after described  the  bodies  Hg.CI.-|-3|.,Hg.,  and  3Hg.Cl.-f-3.j.Hg. :  the  equiva- 
lent of  nitrogen  being  capable  of  the  same  subdivision  by  three. 

This  Hydriodate  of  Pftospkureitcd  Hydrogen  Is  decomposed  by  water,  hydriodic 
acid  and  phosphuretted  hydrogen  being  given  off,  the  last  in  the  B  variety.  But  if 
a  little  oxide  of  silver  be  sprinkled  on  the  salt,  the  gas  is  evolved  in  its  spontane- 
ously inflammable  condition.  It  burns  when  heated  in  air,  but,  in  a  dry  tube  con- 
taining no  oxygen,  it  may  be  sublimed  from  place  to  place  unailered. 

Chlorides  of  Iodine. — I  have  shown  that  chlorine  and  iodine  unite  in  three  pro- 
portions, forming  bodies  having  the  formolie  I.-|-C1.,  I.+3CI,,  and  I.+SCI.  By 
much  ^yater  the  first  and  second  are  decomposed,  producing  muriatic  and  iodic 
acids,  and  iodine  becoming  free.  The  third,  which  was  long  ago  discovered  by 
Humphrey  Davy,  gives  muriatic  and  iodic  acids  without  separation  of  iodine. 
These  bodies  are  interestmg  only  as  being  employed  to  obtain  the  iodic  and  periodic 
acids,  as  ahready  noticed. 
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Of  Bromine. 
This  subslance,  which  is  intermediate  in  almost  ali  chemical  prop- 
erties to  chlorine  and  iodine,  exists  associated     ith  those  bodies  '- 


n  many  varieties  of  sea  veeds  and  some  of  the  brine- 
springs  belonging  to  the  deposites  of  rock  sal  the  earth.  In  these 
cases  it  is  generally  combined  ^  h  o!  un  or  with  magnesium, 
forming  very  soluble,  eaits,  which  e  na  n  bel  nd  when  the  common 
salt  crystallizes  out  by  evaporat  o  fro  n  aei  ater.  When  a  cur- 
rent of  chlorine  gas  is  passed  througi  the  other  liq^uor  so  obtained, 
■which  is  called  bittern,  the  bromine  is  set  free,  and  tinges  the  solution 
yellow.  On  agitating  this  liquor  with  some  ether,  the  bromine  is 
completely  taken  up  by  it,  and  an  ethereal  solution  of  bromine,  of  a 
fine  hyacinth-red  colour,  is  produced  ;  when  this  is  acted  on  by  pot- 
ash, thiere  is  formed  a  mixture  of  bromide  of  potassium  and  bromate 
of  potash,  which  by  fusion  gives  off  oxygen,  and  pure  bromide  of 
potassium  remains ;  this  is  mixed  with  peroxide  of  manganese  and 
sulphuric  acid,  and  precisely  as  in  the  preparation  of  clilorine  or  of 
iodine,  the  bromine  is  set  free  and  may  be  distilled  over.  It  is  ne- 
cessary to  condense  the  bromine  with  great  care,  and  to  receive  it 
in  water,  to  the  bottom  of  which  it  sinks ;  the  reaction  that  occurs 
is  that  2S.O3,  Mn.O„  and  K.Br.  produce  (S.O3 -Mn.O+K.O. .  S.O,) 
and  Br. 

BrOmine  is  a  liquid  at  ordinary  temperatures,  but  at  4°  it  solidi- 
fies ;  it  is  deep  red  by  transmitted,  but  black  by  reflected  light ;  it  is 
much  heavier  than  water,  its  specific  gravity  being  2'97;  its  odour 
is  like  that  of  chlorine,  but  much  more  disagreeable,  whence  its 
name  (from  Bpufiog).  Jt  is  very  volatile,  boiling  at  116" ;  but  even 
at  common  temperatures  it  forms  copious  fumes,  which  have  the 
same  orange-red  colour  as  those  of  nitrous  acid ;  the  specific  grav 
ity  of  its  vapour  is  5-393 j  it  does  not  conduct  electricity;  ii  must 
be  preserved  under  water,  as  otherwise  the  quantity  of  vapour  it 
would  form  might  burst  the  vessel  containing  it.  It  dissolves  spa- 
ringly in  water,  but  copiously  in  alcohol  and  ether.  A  taper  is  ex- 
tinguished by  its  vapour,  but  not  immediately,  burning  for  a  moment 
with  a  green  flajne  and  much  smoke.  Some  of  the  metals  in  fine 
powde^  or  leaf  burn  spontaneously  in  its  vapour,  as  in  chlorine ;  a 
drop  of  liquid  bromine,  put  in  contact  with  a  globule  of  potassium, 
unites  with  it  explosively  and  with  brilliant  ignition.  It  bleaches 
vegetable  colours,  but  leaves  itself  a  yellowish  stain,  less  intense 
than  that  of  iodine  ;  it  is  poisoijous. 

Bromine  unites  with  water,  forming  a  crystalline  hydrate  like  that 
of  chlorine. 

With  starch,  bromine  produces  a  fine  yellow  colour,  which  is  not 
intense  if  the  solution  be  very  much  diluted. 

Bromine  is  easiiy  recognised  by  the  peculiar  colour  and  odour 
of  its  vapour,  which  can  only  be  confounded  with  that  of  nitrous 
and  hyponitrous  acid,  from  which  its  other  characters  completely 
separate  it.  A  solution  containing  bromine  or  a  metallic  bromide 
gives,  with  nitrate  of  silver,  a  white,  curdy  precipitate,  insoluble  in 
nitric  acid,  but  dissolved  by  ammonia.  This  precipitate  is  distin- 
guished from  the  chloride  of  silver  by  giving  vapours  of  bromine 
when  heated  with  a  little  chlorine  water 
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The  equivalent  numbers  of  bromine  are  978-2  on  tlie  oxygen 
scale,  and  78-4,  hydrogen  being  unity., 

Broikic  Acid.—T\ie:ie  is  known  only  one  tiompound  of  bromine 
and  oxyg-en,  the  hromic  acid,  the  history  of  which  is  still  very  im- 
perfect. When  bromine  is  dissolved  in  a  solution  of  potash,  bro- 
mide of  potassium  and  bromale  of  potash  are  formed,  6Br.  and 
6K.0.  giving'  5K.Br.  and  Br.Oj+K.O.  On  adding  a  solution  of  a 
salt  of  barytea  to  the  iiquoi-  so  obtained,  bromate  of  barytes  is  pre- 
cipitated, and  this  may  be  decomposett  by  sulphuric  acid,' which 
forms  sulphate  of  barytes,  leaving  the  broiiiic  acid  in  solution'. 

The  bromic  acid  has  hot  been  obtained  solid  ;  it  is  still  moro 
easily  decomposed  by  deoxidizing  agents  than  the  chloric  acid  ;  thus 
the  sulphurous  acid  and  the  phosphorous  acid  liberate  bromine.  The 
same  effect  is  produced  by  sulphuretted  hydrogen.  Its  salts  have 
not  been  miich  examined,  but  appear  to  resemble  the  chlorates  and 
iodates. 

Its  formula  is  B'r.Oj,  its  composition  by  weight  and  equivalent 
numbers  being. 

Bromine,  66-18  One  equivalent,    =!)78-2  or  78-40 

Oxygen,  ^;82  Five  equivalents,  =.'iQQ-Q  o^40;00 

100-00  U78-2     118-40 

These  elements  are  united  by  volume  in  the  ratio  of  two  vol- 
umes of  bromine  vapour  to  five  volumes  of  oxygen. 

Hydrobromic  Acid. — The  processes  for  obtaining  the  bromide  of 
hydrogen  are  precisely  the  same  as  those  described  for  preparing 
hydribdic  acid  in  the  liquid  or  in  the  gaseous  form,  to  which  I  shaH 
thelefore  refer  (p.  315),  bromine  being  substituted  for  iodine  in 
every  case.  This  gas  is  colourless ;  it  is  rapidly  absorbed  by  wa 
ter,  the  solution  reacting  acid  ;  it  is  not  decomposed  by  oxygen, 
nor  does  bromine  decompose  water,  so  that  it  stands  between'  iodine 
and  chlorine  in  that  respect.  It  resembles  miiriatic  acid  in  almost 
all  its  reactions,  but  is  at  oRce  distinguished  from  it  by  evolving 
brom'ine  on  contact  with  chlorine  or  nitric  acid.  If  bromidg  of  po- 
tassium be  acted  on  by  oil  of  vitriol,  the  result  is  partly  as  occurs 
with  a  cliloride,  water  being  decomposed  and  hydrobroniip  acid 
evolved,  and  partly  as  occurs  with  an  iodide,  bromine  and  sulphur- 
ous acid  beincr  evolved  together ;  hence  hydrobromic  acid  cannot 
be  prepared  pure  in  that  way. 
Tlie  sy.  gr.  ol'liyilrobromic  aciJ  gas  is  3731,  being  produced  by- 
One, volume  ofbromine-vapour  .     .     .  53930 

One  volume  of  hydrogen fiS  8 

united  without  condensation     ....  54rii-8 
and  hence  nne  volume  weighs  ....  273lj'9 
The  Bromiie  of  Sutphuf  is  a  heavy  reddish  liquid,  like  chloride  of  sulphur,  prob- 
ably S,Br.  , 

There  are  two  Bromidea  of  PhoepHwut,  one  liquid,  P.Brj,  anil  the  other  solid, 
P.Brs,  which  present  cdinplete 'analogy  with  the  cliiorides  of  phosphorus.  Neither 
of  these  bodies  presents  particutar  interest. . 

The  bromide  of  hydrogen  nniles  witli  phosphure.tted  hydrogen,  forming  a  com- 
ponnd  similar  to  that  already  noticed,  containing  hydriodic  acid.  It  Is  sufficient  to 
rail,  the  two  gises  together  over  mercury  ;  a  dense  wliite  cloud  forms,  which  Con- 
deuse«  on  the  sides  of  the  glass  in  small  crystals,  which  appear  to  be  cubes,  but  are 
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n  also  be  formed  in  the  iDdirect  manner  deacribeil 
naists  of  an  equivalent  of  eauti  element,  its  for- 

mola  being  H.Br.+P.Ha,  or,  as  I  prefer  to  write  it,  for  the  reasons  already  stated, 

H.Br.+sfH. 


Tlie  Cktoride  of  Bromine  and  the  Bromides  of  iodine  resemble  in  general  eharac 
tera  the  compounds  of  eblorine  and  iodine.  The  first,  when  decomposed  by  water, 
produces  hydrochloric  and  bromio  acids;  the  latter,  on  the  contrary,  gives  hjdrO- 
bromic  and  iodic  acids.    These  bodies  are^ot  otherwise  of  interest. 

Of  Fluorine. 

Although  the  existence  of  this  body  is  rendered  exceedingly  prob- 
able by  annlogieal  reasoning,  and  recent  experiments  have  gone 
Very  far  in  establishing  its  distinctive  characters,  yet  it  cannot 
be  prepared  in  an  isolated  form,  or  exhibited  like  all  the  simple 
bodies  as  yet  described  ;  for  such  is  the  intensity  and  variety  of  its 
affinities,  that  no  sooner  is  it  liberated  from  combiuation  with  one 
substance,  than  it  enters  into  union  with  some  other,  attacking  the 
materials  of  which  the  apparatus  used  may  be  constructed.  The 
most  successful  experiments  made  for  examining  it  in  its  isolated 
form  are  due  lo  two  talented  Irish  chemists,  the  Messrs.  Knox. 

The  only  substances  on  which  fluorine. is  incapable  of  acting  be- 
ing such  as  already  are  fully  saturated  with  it,  Messrs.  Knox,  had 
vessels  constructed  of  fluor  spar  (fluoride  of  calcium),  which  were 
filled  with  pure  dry  chlorine  gas.  Into  these  vessels  was  then  in- 
troduced fluoride  of  mercury,  and  the  whole  carefully  warmed.  The 
chlorine  decomposed  the  fluoride  of  mercurj',  forming  chloride  of 
mercury,  and  the  fluorine  was  disengaged,  Hg.F.  and  CI.  giving 
Hg.Cl.  and  F.  There  was  in  this  way  obtained  a  colourless  gas, 
which  acted  with  violence  on  the  fragments  of  metallic  foils,  that 
by  means  of  a  vei-y  ingenious  arrangement  were  submitted  to  its 
action.  The  small  quantity  of  material  on  which  the  experiments 
were  conducted  did  not  allow  of  the  metallic  compounds  so  formed 
being  analyzed  ;  and  the  only  doubt  that  can  exist  of  the  isolation 
of  fluorine  in  this  process  is  that,  as  it  was  liberated,  it  might  have 
combined  with  the  excess  of  chlorine  present,  and  that  the  colour- 
less gas  may  have  been  chloride  of  fluorine,  and  not  the  mere  flun 

The  specific  gravity  of  gaseous  fluorine,  calculated  from  the 
analogy  of  itscompounds  to  those  of  chlorine,  is  1289;  its  equivalent 
number  is  233-8,  or  18.7, 

Fluorine  does  not  combine  with  oxygen. 

The  most  important  compound  of  fluorine  that  is  known  is  the 
Fluoride  of  Hydjvgen,  or  Hydrofluoric  ^cid.  To  prepare  it,  pure 
fluor  spar,  which  consists  of  fluorine  and  calcium,  is  reduced  to 
powder,  and  distilled  in  a  leaden  retort  with  twice  its  weight  of  the 
strongest  oil  of  vitriol.  The  receiver  must  also  he  of  lead,  and  be 
kept  cool  by  ice.  An  acid  liquor  distils  over,  of  an  excessively  suf- 
focating odour,  and  so  intensely  corrosive,  that  a  drop  let  fall  upon 
the  hand  produces  a  sore  very  diflicult  to  heal.  This  liquid  is  hy- 
drofluoric acid,  the  reaction  be  ^g  that  H.O..S,Oj  and  Ca.F.  give 
Ca.O. .  S.0,  and  H.F.     SuIphaK     f  lime  remains  in  the  retort. 
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The  bydroJluoric  acid,  which  is  thus  obtaiheil  in  an  aiiliydroiis 
form,  is  very  volatile,  boiling  at  60'.  It  is  heavier  than  water,  aad 
becomes  still  more  so  when  diluted  to  a  certain  degree.  It  dissolves 
the  more  oxidiible  metals  rapidly  with  the  escape  of  hydrogen  gas, 
and  the  formation  of  a  metallic  fluoride.  The  only  metnls  ivhii-h  it 
does  not  act  upon  are  gold,  platina,  silver,  and  le.id.  There  m«st 
be  no  solder  about  the  leaden  vessels  in  which  the  acid  is  kept,  as 
it  is  acted  on  very  violently.  It  is  dangerous  to  have  much  to  do 
wiib  the  anhydrous  acid,  from  ifs  corrosive  power;  and  as  a  dilute 
acid  answers  for  ail  practical  purposes,  a  quantity  of  water  is  gener- 
ally put  into  the  receiver,  into  which  the  ncid  is  distilled. 

The  most  remarkable  property  of  hydrofluoric  acid  is  its  action 
upon  glass,  which  it  corrodes  and  dissolves.  The  glass  contains 
silica,  which  the  hydrofluoricdecomposes,  Si. O3 and  3H.F.  producing 
3H.0.  and  Si.Fa.  This  fluoride  of  silicon  is  a  gas,  decomposed  by 
water  in  a  way  that  will  be  soon  described.  Patterns  or  designs 
may  therefore  be  etched  upon  glass  by  means  of  this  hydrofluiyic 
acid.  There  are  two  modes  in  which  this  operation  may  be  con- 
ducted; 1st,  by  the  liquid  acid;  2d,  by  the  acid  in  vapour.  For  the 
first,  the  glass  plate  being  covered  with  a  uniform  coating  of  wax, 
the  design  is  traced  on  it  with  the  point  of  a  needie  or  graving  too!, 
taking  care  that  the  surface  of  the  glass  shall  be  laid  bare  through- 
out the  whole  extent  of  each  line  ;  a  rim  of  wax  being  then  formed 
round  the  edge  of  the  plate,  the  liquid  acid,  the  strength  of  which 
must  be  regulated  by  the  depth  of  engraving  required,  is  poured  on 
the  piate  to  the  depth  of  two  or  three  lines,  and  left  for  a  time  de- 
pendant oa  the  judgment  of  the  operator.  When  it  has  remained 
long  enough,  the  remaining  acid  is  poured  off,  and  the  (vas  cleared 
away.  The  etched  portions  of  the  glass  are  equally  transparent 
with  the  others,  and  the  design  is  therefore  indistinct  except  in  cer- 
tain incidences  of  the  light.  A  glass  plate  so  prepared  may  be  used 
as  a  copper  plate  to  print  from,  but  the  risk  of  breaking'  is  too  great 
to  allow  of  its  introduction  into  practice. 

To  etch  by  the  second  mode,  the  plate  of  glass  is  prepared  exactly 
a*,  described  for  the  first,  except  that  there  need  not  be  any  raised 
edge.  A  flat  leaden  basin,  of  the  size  of  the  plate,  is  used  to  hold 
the  inixture  of  powdered  fluor  spar  and  oii  of  vitriol,  and  the  glass 
plate  is  laid  upon  it,  with  the  waxed  side  down ;  the  basin  is  then 
heated  ao  gently  as  not  to  melt  the  wax  or  injure  the  accuracy  of 
the  design  ;  the  hydrofluoric  acid,  which  rises  in  vapour,  acts  upon 
the  surface  of  glass  exposed,  and  decomposes  the  silica,  forming 
fluoride  of  silicon;  but  a  sufficient  quantity  of  watery  vapour  rises 
to  decompose  this  substance,  and  a  quantity  ot  silica  is  regenerated 
and  deposited  upon  the  corroded  surface,  giving  it  a  rough  and  white 
appearance,  so  as  to  be  easily  visible  in  every  direction.  When  the 
action  has  continued  long  enough,  the  plate  is  removed  from  the 
basin,  and  the  wax  cleared  off  by  means  of  some  spirits  of  turpentine. 
Other  uses  of  the  hydrofluoric  acid,  such  as  in  mineral  analysis,  will 
be  described  hereafter. 

The  composition  and  equivalent  numbers  of  the  hydrofluoric  acid 
we  as  follows: 
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Fliiori 
Hydrc 


94-93  One  equivalent,  =233-8  o 

1,     5-07  One  equivalent,  =   12-5  o 

lOO^O  246-3 


19-7 


Tlieve  are  no  other  comliirations  known  of  fluorine  with  any  of  the  simple  borhea 
as  yet  described,  except  sulphur  and  phosphorus :  these  are  dense  volatiie  liquids. 
The  Fluoride  of  Pkosphoms,  when  deooiupOEed  by  water,  produces  hydrofluoric  acid 
and  [jliospliorous  acid ;  it  is,  therefore,  P.Fs.  When  lieated  in  the  aii-.  it  bums,  but 
Eheprgduct  of  the  combustion  has  not  been  examined. 

Of  Silicon, 

This  substance  is  one  of  the  most  extensively  distributed  of  the 
undecomposed  bodies,  constituting,  probably,  a  sixth  of  the  total 
weight  of  the  mineral  crust  of  the  globe.  It  never  exists  free,  but 
always  in  nature  combined  with  oxygen,  forming;  silicic  acid,  or,  as 
it  is  termed  in  popular  language,  the  earth  silica.  Quartz,  in  the 
state  of  rock  and  crystallized,  flints,  agate,  sand,  and  many  other 
mineral  eiibstances,  are  silica  completely  or  nearly  pure,  and  when 
combined  with  various  metallic  oxides,  it  forms  the  great  family  of 
silicates,  which  includes  the  majority  of  earthy  minerals. 

It  is  exceedingly  difficult  to  deprive  silicic  acid  of  its  oxygen; 
even  by  ignition  with  potassium  it  is  but  imperfectly  decomposed. 
To  prepare  silicon,  therefore,  a  somewhat  complex  body  is  selected 
to  be  acted  on,  the'doable  fluoride  of  silicon  and  potassium  (QSi.Fj 
-rSK.F.),  which.is  a  white  powder  like  starch,  very  sparinffly  soluble 
in  water ;  a  quantity  of  this  substance  is  to  be 
its  own  weight  of  potassium,  cut  into  httlc  bits, 
and  placed  in  an  iron  cylinder,  or  m  a  tube  of 
hard  glass,  which  may  be  held,  a*"  m  the  figure, 
over  the  flame  of  a  spirit-lamp.  As  soon  as  the 
bottom  of  the  tube  has  been  heated  to  redne^'i, 
vividisrnition  occurs  by  the  decomposition,  iihich 
spreads,  ivith  little  need  of  external  heat,  thi  oiigh 
out  the  entire  mass;  when  cool  the  lesidual 
brown  matter  is  to  be  washed  carefully  with  \\a 
ter :  fluoride  of  potassium  dissolves,  and  the  hiuci 
the  2Si.Fs-f  3K.F.,  acted  on  by  6K.,  give  9K.F.  and  2Si. 
silicon  quite  pure,  numerous  precautions  are  necessary,  which  need 
not  be  detailed  here. 

The  silicon  so  obtained  is  a  dull  brown  powder,  which,  when 
heated  in  air  or  in  oxygen,  takes  fire  and  burns,  forming  silicic 
acid.  If  it  be  ignited  in  a  closely  covered  vessel,  it  shrinks  in  vol- 
ume, increases  very  much  in  density,  and  becomes  insoluble  in 
acids  or  alkalies,  which,  .in  its  original  form,  it  would  dissolve  in, 
with  evolution  of  hydrogen  gas  ;  it  then  also  cannot  be  made  to 
burn  in  oxygen  gas  ;  it  burns  in  the  vapour  of  sulphur  and  in  chlo- 
rine, combining  with  these  bodies.  When  ignited  with  carbonate 
of  potash,  the  silicon  burns  brilliantly,  setting  carbon  free,  and  form- 
ing, with  the  oxyg'en  of  the  carbonic  acid,  silicic  acid,-  which  com- 
bines with  the  potash.  The  equivalent  number  of  silicon  is  277-31 
or  22-22,  according  as  the  oxygen  or  the  hydrogen  standard  may  be 


by  Google 


Silicic  Ar,id,     Silica.— T\\\s,  the  only  compound  of  silicon  and 
oxygen,  exists  in  nature  completely  pure,  in  masses  constituting 
quartz  rock,  and  in  crystala  which  belong  to  the  rlvombohei^cal  sys- 
tem ;  their  ordinary  form  is  represented  in  the 
gin.     It  is  exceedingly  hard,  and,  in  order  to  b 
duced  to  powder,  requires  to  be  heated  first  to 
ness,  and  then  thrown  into  a  large  mass  of  cold  w 
The  piece  of  quartz  cracks  iu  every  direi;tioii  by  be^ 
ing  so  suddenly  cooled,  and  is  then-  easily  reduced 
to  powder  in  an  agate  mortar.     It  may  be  obtained 
in  a  state  of  much  more  minute  division,  by  melting, 
in  a  platinum  crucible,  a  mixture  of  equal  weights  of 
X\V  I//      carbonate  of  potash  and  of  carbonate  of  soda,  and  ad- 
^^r  ding  thereto  powdered  flint,  by  small  quantities  at  a 

lime;  the  silica  dissolvts  in  the  melted  alkali,  while  carbonic  acid 
gas  is  given  off.  When  the  alkaline  silicates,  so  formed,  are  dis- 
solved in  water,  and  a  stronger  acid  added,  the  silicic  acid  is  pre- 
cipitated as  a  gelatinous  hydrate,  which,  when  completely  dried, 
forms  a  white  powder,  still  somewhat  gcitty  to  the  feel.  When  the 
gaseous  fluoride  of  silicon  comes  into  contact  with  water,  a  portion 
of  it  is  decomposed,  fluoride  of  hydrogen  and  silicic  acid  being 
produced  ;  this  last  separates  in  the  gelatinous  form,  but,  on  drying, 
becomes  an  exceedingly  fine  light  powder. 

Silica,  even  when  prepared  by  precipitation,  feels  gritty  between 
the  teeth  ;  when  in  mass,  it  is  exceedingly  hard,  scratching  glass 
and  the  generality  of  minerals.  Its  specific  gravity  is  2-66;  it  is 
fusible  only  by  the  oxyhydrogen  blowpipe,  in  the  flame  of  which 
it  melts  into  a  colourless  glass;  when  once  dried  it  is  totally  in- 
soluble in  water,  but  in  its  gelatinous  form  it  is  soluble  to  a  small  ex- 
tent ;  hence  many  mineral  waters  contain  silica,  which,  being  grad- 
ually precipitated  in  the  substance  of  decomposed  organic  matter, 
produces  the  silicious  petrifactions  in  which  the  most  delicate  vege- 
table tissues  are  so  beautifully  preserved.  The  differences  between 
silica  in  its  dry  and  in  its  hydrated  condition  are  so  great,  that  we 
can  scarcely  suppose  them  to  be  satisfactorily  accounted  for  by  the 
presence  of  a  substance  for  which  the  silica  appears  to  have  so  lit- 
tle affinity.  When  a  dilute  alkaline  solution  of  silica  is  decomposed 
by  an  acid,  there  is  no  precipitation,  the  silica  remaining  dissolved ; 
but  on  evaporating  the  liquor  to  dryness,  the  silica  assumes  the  in- 
soluble condition,  and  remains  behind  when  the  saline  constituent 
is  dissolved.  On  the  other  hand,  by  the  presence  of  an  alkali,  the 
insoluble  silica  is  made  to  assume  the  soluble  state. 

There  is  some  difference  of  opinion  as  to  whether  the  compounds 
of  silica  and  water  are  truly  definite,  but  I  look  upon  the  existence 
of  at  least  one,  having  the  formula  SSi.Oj-j-H.O.,  as  being  certain  ; 
I  have  found  the  light  spongy  mosses  of  silica  deposited  from  vol- 
canic springs,  and  on  the  edges  of  volcanic  craters  from  Iceland  and 
Teneriffe,  to  have  accurately  that  constitution. 

It  is  probable  that  a  great  deal  of  the  silica  which  exists  in  nature 
has  been  originally  deposited  in  the  soluble  condition.  The  struc 
ture  of  the  agates,  chalcedony,  and  many  other  minerals,  proves 
that  they  were  formed  by  a  solution  of  silica  having;  penetrated 


b,  Google 


DRIDE     OF      SILI 


323 


into  a  cavity  in  llie  surrounding  rock,  and  having  then  gradually 
dried  down  or  crystallized.  It  is  even  pretty  certain  that  the  crys- 
tallized quartz  is  also  of  this  aqueous  origin. 

In  the  arts,  silica  is  of  exceeding  importance,  being  an  essential 
constituent  of  glass,  porcelain,  and  every  kind  of  delft  and  earthen- 
ware. For  purely  chemical  purposes,  it  is  only  of  interest  from 
the  compound  which  silicon  forms  with  fluorine ;  the  hydrofluoric 
acid  being  the  only. acid  capable  of  dissolving  silica. 

The  composition  of  silica  and  its  equivalent  numbers  are  as  fol- 
lows, its  formula  being  Si.Oj, 


Silicon,    iS-Oi 

Oxygen,  51-96 

lOO'OO 


On. 


equivalent,        = 
36  equivalents,  ■ 


277-3  or  22-22 
300-0  or_24;00 
"5773'      46-22 


Silicon  does  not  combine  with  hydrogen  nor  with  nitrogen ;  there 
exists  a  sulphuret  of  silicon,  which  is  probably  Si.Sj,  as  when  acted 
on  by  water  it  produces  soluble  silica  and  sulphuretted  hydrogen. 

ChJoride  of  Sificon,-— This  substance,  although  not  ilself  important,  is  yet  inter- 
esting from  the  fact  that  the  method  of  preparing  it  is  one  by  which  a  number  of 
remarkable  compounds  of  chlorine  have  been  discovered,  and  hence  it  deserves  to 
be  described.  Chlorine  has  no  action  on  silica  at  any  leinpevature ;  but  if  iinely- 
divided  silieahe  mixed  mth  pondered  charcoal,  and  heated  to  redness  in  a  porcelain 
tube,  1,  c,  jnseitcd  lu  the  furnace,  ds  in  tbe  Hgurc,  and  by  means  of  a  g;lass  tube  at 


lactied  at  h,  a  current  of  dry  chlorine  he  made  lo  stream  over  tbe  tgnited  mixture, 
decomposition  ensues,  the  oxygen  of  the  silica  combining  with  the  i-arbon  to  form 
carbonic  oxide  gas,  vrhile  the  chlorine  and  silicon  unite,  producing  Ihe  chloride  of 
silicon,  which,  being  a  very  volatile  liquid,  requires  to  be  carefully  condensed  ;  for 
this  purpose,  the  tuhet/ is  wrapped  up  in  acloth,or  a  paper  kept  constantly  wetted 
'  ■   ■    '  "         T  trom  the  reservoir  e,  and  the  liqoid  p'oduced  then  collects 

in  the  bottle  /,  while  the  oxide 
of  carbon  and  the  excess  of 
chlorine  pass  off  hy  the  tube 
ra.  In  this  process  the  reac- 
tion is  such,  that  SCI.  acting 
on  Si.Os  and  3C.,  give  rise  to 
iff  3C.0.  and  Si-Clj- 

The  stream  of  dry  chlorine 
may  be  very  conveniently  ob- 
tained by  the  apparatus  here 
figured :  the  muriatic  acid  and 
peroxide  of  manganese  are 
placed  in  the  flask  a,  aid  the 
gas  evolved,  depositing  the  ac- 
companying liquid  in  the  re- 
ceiver "b,  passes  through  the 
tube  i,  ivhich,  being  lulled  with 
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fragments  of  recentiy-fiised  chloride  of  calciuT! 
Tlie  gas  issues  dry  Irom  Itie  extrecnily,  wliero  it 
porcelain  tube  in  tlie  preceding  figure. 

The  chloride  of  silicon  is  a  colourless  liqaid,  denser  than  w 


:s  resolved  in 
its  formula  must  be  Si.Clj. 

Fluoride  of  Silicon.— This 
silicon  after  silicic  acid ;  it  i 
prepare  it,  fluor  spar  and  s\ 


it  boils  at  134"; 


1  silica  and  hydrociiloric  acid,  from  whence 


s  the  most  remarkable  compound  of 
a  gas  colonrless  and  transparent;  to 
r  glass  in  powder,  are  mixed  together, 
tnd"  heated  Id  contact  with  oil  of  vitriol ;  the  mass  swells  op  very 
much,  so  that  a  large  vessel  must  be  employed.  In  this  reaction 
we  may  look  upon  water  as  being  decomposed  or  not,  as  the  results 
may  be  explained  in  either  way.  Thus  the  hsygen  of  the  silica  may 
combine  with  the  calcium,  forming  lime,  and  this  wilh  the  sulphuric 
acid,  while  the  silicon  unites  with  the  fluorine  of  the  fluor  spar.  Or, 
water  being  decomposed,  hydrofluoric  acid  and  Jime  may  be  first 
produced,  and  the  former,  reacting  on  the  silica,  may  reproduce  iva- 
ter,  and  form  fluoride  of  silicon.  I  prefer  to  omit  here,  as  I  did 
when  describing  the  formation  of  chlorine,  all  the  unnecessary  the- 
oretic agency  of  the  water,  and  to  express  the  decomposition  as 
3(S.03.H.O.)  with  Si.O^and  3(Ca.F.)  give  3(S.03.Ca.O.  .H.O.)  and 
Si.Fj. 

This  gas  must  be  collected  over  mercury,  and  in  vessels  dried 
with  the  greatest  care.  When  it  mixes  with  air,  it  forms  dense 
white  fumes,  which  arise  from  the  formation  of  silica  by  the  watery 
vapour  present  being  decomposed. 

It  is  colourless  and  transparent ;  its  specific  gravity  is  3600.  Its 
composition  and  equivalent  numbers  are  as  follows,  its  formula  being 
Si.F,. 

Silicon,     28-32  One  equivalent,       =277-3  or  22-22 

Fluorine,  71:68  Three  equivalents,  ^TO^-i  or  56-22 

100-00  978-7       78-44 

The  hydrofluosilicic  acid,  or  the  double  fluoride  of  hydrogen  and 
silicon,  cannot  be  obtained  free  from  water,  but  its  solution  is  of  ' 
considerable  importance  as  a  chemical  reagent,  and  hence  its  prep- 
aration requires  t    be  desc   bed 

The  mixture  of  po  vde  ed  fl  or  spar  and  sand  is  introduced  into 
he  a  atrass  a,  which  is  imbedded  in  a  sand- 
ba  !  as  in  the  figure.  By  means  of  the 
phon  funnel  /,  the  oil  of  vitriol  is  then 
po  ed  in,  and  the  gas  evolved  is  conduct- 
e  1  bj  the  tube  to  the  water  in  the  ves- 
sel d  e.  If  the  tube  opened  into  the  wa- 
ter 1  rectly,  bo  much  silica  would  be  de- 
po  ed  at  its  orifice  as  to  stop  it  up  every 
n  oment ;  and  hence  a  quantity  of  mer- 
c  !•}  e,  is  placed  at  the  bottom,  and  the 
e  d  of  the  tube  dips  into  it.  The  gas  bub- 
ble herefore,  does  not  touch  the  water 
n  1  completely  separated  from  the  tube : 
es  ipes  from  the  surface  of  the  mercu- 
'  rj    and  then  it  becomes  invested  with  a 
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coating  of  silica,  like  a  bag  of  tissue  paper,  of  which  many  preserve 
their  form  for  a  certain  time.  The  passage  of  the  gas  is  to  be  con- 
tinued until  the  water  becomes  thick  from  the  quantify  of  silica  sep- 
arated ;  it  is  then  to  be  poured  on  a  £ae  linen  cloth,  and  the  silica 
removed  by  straining  and  pressure.  In  this  process,  one  third  of 
the  fluoride  of  silicon  is  decomposed  by  the  water  forming  silica 
and  hydrofluoric  acid,  which  last  unites  with  the  remaining  fluoride 
of  silicon  to  form  the  hydrofluosilicic  acid,  the  formula  of  which  is 
2(Si.F,)+3H.F. 

Whena  solution  of  this  acid  is  heated,  fluoride  of  silicon  is  given 
off,  and  hydrofluoric  acid  remains.  Heuce,  although  the  hydrofluo- 
silicic acid  is  without  uctlon  upon  glass,  glass  vessels  Jn  which  it  is 
evaporated  are  corroded. 

The  property  of  this  acid  which  is  of  most  interest  to  the  chemist 
is,  that  it  forms,  by  acting  on  the  salts  of  potassium  and  barium, 
compounds,  fluosilicates,  or  double  fluorides  of  those  metals  which 
are  very  sparingly  soluble  in  wafer;  and  hence  it  is  used  to  detect 
the  presence  of  these  substances  in  solution.  The  precipitate  so 
obtained  is  remarkable  for  beins'  at  first  so  gelatinous  and  transpa- 
rent that  it  can  be  recognised  in  the  liquor  only  by  the  play  of  colours 
in  the  light  reflected  from  its  upper  surface.  When  collected  on  a 
filter  and  dried,  these  compounds  appear  like  powdered  starch.  The 
constitution  of  the  salts  of  the  hydrofluosilicic  acid  resembles  that 
of  the  acid  itself,  the  hydrogen  being  replaced  by  a  metal;  thus 
the  fluosilicate  of  potassium,  already  described  as  used  for  preparing 
silicon,  is  expressed  by  the  formula  2Si.F:,+3K.F. 

The  composition  of  hydrofluosilicic  acid  is  easily  known  from  that 
of  the  hydrofluoric  acid  and  fluoride  of  silicon.  Its  equivalent  num- 
ber is  2696-4  or  216-2. 

0/  Borm. 

The  history  of  this  substance  presents  a  very  close  analogy  with 
that  of  silicon.  It  was  first  obtained  by  decomposing  boracic  acid  by 
galvanism,  but  is  best  prepared  by  acting  on  the  fluoborate  of  pot- 
ash by  metallic  potassium,  exactly  as  has  been  described  under  the 
head  of  silicon.  That  salt  consists  of  fluoride  of  boron  united  to 
fluoride  of  potassium ;  by  the  reaction,  all  the  fluorine  passes  to  the 
potassium,  and  the  boron  is  set  free. 

Boron  is  a  dark  olive  substance,  which  does  not  conduct  electri- 
city. It  is  insoluble  \a  water  and  ail  other  neutral  fluids.  When 
heated  to  600^  in  the  air  or  oxygen,  it  takes  fire,  and  burning,  forms 
boracic  acid  j  the  same  effect  is  produced  by  boiling  with  nitric  acid, 
or  by  ignition  with  nitrate  or  with  carbonate  of  potash. 

This  element  is  not  extensively  distributed  in  nature,  and  only 
found  combined  with  oxygen,  forming  boracic  acid.  This  exists  in 
certain  springs  in  India,  combined  with  soda,  and,  being  crystallized 
in  an  imperfect  way,  was  brought  into  commerce  under  the  name 
of  tinkal,  or  crude  borax.  The  boracic  acid  is  also  found,  and  in 
much  larger  quantity,  free,  or  combined  only  with  a  small  qua'niity 
of  ammonia,  in  the  small  volcanic  Jakes  or  lagoons  of  Tuscany.  It 
accompanies  the  watery  vapour  which  gushes  out  of  fissures  in  the 
earth,  and  which  contains  also  muriatic  acid.     The  water  of  these 
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lakes  ia  evaporated,  and  the  borai'ic  acLd  being  crystallize; si,  is  jm- 
ported  into  these  countries  for  the  manufacture  of  borax  (borate  of 
soda)  and  other  salts. 

The  boracic  acid  is  the  only  compound  of  boron  and  oxygen;  it 
may  he  obtained  quite  pare  from  the  native  acid  by  boiling'  this 
with  eight  parts  of  water  and  a  little  white  of  egg,  and  filtering  the 
solution.  On  cooling  slowly,  the  boracic  acid  crystallizes  in  Turgfe 
brilliant  plates,  soft  and  unctuous  to  the  feel,  and  of  an  irregular 
crystalline  form.  It  may  be  also  produced  from  borax  by  dissof  vmg 
it  in  foui*  times  its  weight  of  boiling  water,  and  adding  sulphuric 
acid  until  the  liquor  becomes  sour  to  the  taste.  On  cooling,  the 
boracic  acid  cfystallizes  ;  hut  as  it  retains  a  little  sulphuric  acid  and 
sulphate  of  soda,  a  second  solution  and  crystallization  is  necessary 
to  have  it  pure. 

The  crystals  of  boracic  acid,  so  prepared,  contain  water,  the  oxy- 
gen of  which  is  equal  to  the  oxygen  of  the  acid ;  when  heated,  this 
water  passes  off,  and  the  acid  melts  j  on  cooling,  it  forms  a  colourless 
glass;'when  completely  dry  it  is  fixed,  but  in  the  presence  of  wa- 
ter it  ia  carried  oft'  by  the  vapour  in  great  quantity.  The  glacial 
acid,  when  exposed  to  the  air,  absorbs  water,  swells,  and  becomes 
opaque.  The  boracic  acid  is  much  more  soluble  in  hot  than  in  cold 
water,  the  crystals  requiring  twenty-six  parts  of  water  at  60',  and 
only  three  at  212^  for  their  solution.  Alcohol  dissolves  boracic  acid 
copiously  ;  and  the  solution,  when  set  on  fire,  burns  with  a  beauti- 
ful green  flame,  by  which  this  body  may  easily  be  recognised.  The 
boracic  acid  possesses  but  very  feeble  acid  properties  ;  many  of  its 
soluble  salts  possess  alkaline  reaction,  and  all  are  decomposed  by 
the  weakest  acids.  It  does  not  redden  litmus,  but  gives  it  a  port- 
wioe  colour,  and  a  strong  solution  of  it  browns  turmeric  paper  like 
an  alkali.  At  high  temperatures,  however,  boracic  acid  may  decom- 
pose the  salts  of  the  nitric,  or  even  of  the  sulphuric  acids,  from  the 
principles  that  have  been  already  explained  in  the  chapter  on  Affin- 
ity (p.  169). 

The  composition  and  equivalent  numbers  of  boracic  acid  are  aa 
follows,  its  formula  being  B.O3: 

Boron,     31-22        One  equivalent,       =136'2  or  10-9 
Oxygen^8;78        Three  equivalents,  =300-0  or  24-0 

Boron  does  not  combine  with  hydrogen  or  nitrogen;  its  com- 
pounds with  sulphur  and  selenium  are  not  important. 

Chloride  of  BoTon. — ^Boron  burns  spontaneously  in  chlorine  gas,  but  the  best  way 
to  prepare  the  coinponnd  of  chlorine  and  boron  ia  to  pnceed  as  deserilwd  for  ma- 
king chloride  of  sihcon,  substituting  boracic  acid  for  the  silica.  The  prodact  is  a  j&s, 
colourieas  and  transparent,  hut  producing  dense  white  fumes  in  contact  with  damp 
air,  owing  to  its  decomposition,  and  the  formation  of  borncie  and  hydrochloric  acids. 
The  presence  of  this  last  in  the  volcanic  Jagoons  would  render  it  probable  that  by 
Bome  subterraneous  action  chloride  of  boron  is  generated,  and  is  decomposed  when 
htiixed  with  ttie  wateiy  vapour  simultaneously  exhaled.  The  chloride  of  boron  is 
rapidly  absorbed  and  decomposed  by  water ;  its  speeifie  gravity  is  4079 ;  it  contains 
li  times  its  volume  of  chlorine ;  its  formula  is  B.Clj. 

Fluoride  of  Boron. — This  substance  is  prepared  in  exactly  the 
same  way  as  fluoride  of  silicon,  substituting  the  boracic  acid  for 
ihe  silicic  acid.     It  is  a  gas,  rapidly  absorbed  and  decomposed  by 
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miter,  and  generating  hydrofluoborie  aeid,  which  is  perfectly  onal- 
ogoiis  to  tlie  hydrofinosilicic  acid.  It  hence  forms  dense  white 
fumes  when  mixed  with  damp  air.     Its  specific  gravity  is  2362. 

The  hydrofluoborie  acid  is  obtained  by  precisely  the  same  plan 
as  that  described  for  the  hydrofluosilicic  acid.  The  boracic  acid  ia 
deposited  in  crystals  according  as  the  gas  is  absorbed.  If  the  li- 
quet be  evaporated  without  the  acid  deposited  being  removed,  it  is 
all  again  talien  up  and  carried  off  as  gaseous  fluoride  of  boron. 
The  liquid  hydrofluoborie  acid  resembles,  in  the  combinations  that 
it  forms,  the  hydrofluosilicic  acid,  and  is  similar  to  it  also  in  con- 
stitution, its  formula  being  2(B,F3)  +  3H.F. 

No  other  compound  of  boron  of  any  interest  is  known. 

The  history  of  earbon  involves  so  many  con sideratioos  regarding  the  constitntiou 
and  properties  of  organic  substances,  that  I  sliall  postpone  entering  upon  it  until 
after  the  description  of  the  metals  and  their  salts,  and  other  compounds  with  Iho 
non-metallie  hodies.  I  will  then  commence  the  study  of  the  chemistry  of  organin 
substances  with  that  of  their  most  constant  ingredient,  carbon. 

The  compound  of  nitrogen  with  hydrogen  (ammonia)  has  not  been  introduced 
among  those  of  the  non-metallie  bodies  with  each  other,  because  all  tlte  details  of 
its  history  attach  it  to  organic  chemistry,  under  which  head  it  will  consequently  be 
found.  The  hypothetical  componnds  of  nitrogen  and  hydrogen  (amidogene  and  aro- 
nianium)  will  be  associated  with  it. 

The  substances  hitherto  described  as  chloride  and  iodide  of  nitrogen  having  been 
found  to  contain  hydrogen,  and  to  range  themselves  in  an  important  series  uf  or- 
ganic combinations,  have  not  been  noticed  in  the  cliapter  now  closed,  but  will  ba 
found  in  their  true  position  hereafter. 


CHAPTER  Xll* 

J5BS   OF   THE   METALS,  AND   OF  THEIR   COMPOUNDS 


Altkough,  as  has  been  already  noticed,  the  metals  cannot  be  con- 
sidered as  forming  a  class  of  bodies,  united  by  such  analogies  of 
chemical  properties  and  laws  of  combination  as  would  constitute  a 
natural  family,  yet  in  their  physical  characters,  and  the  most  prom  • 
inent  facts  of  their  technical  history,  they  have  so  much  in  common 
as  to  render  a  notice  of  the  conditions  in  which  they  exist  in  na- 
ture, the  methods  by  which  they  are  extracted  upon  the  largo  scale, 
and  the  physical  and  chemical  properties  by  which  they  are  distin- 
guished as  a  great  division  of  the  elementary  bodies,  necessary,  be 
fore  proceeding  to  the  detailed  history  of  the  individual  metals. 

The  metals  are  forty-two  in  number ;  their  names  have  been  al- 
ready given  in  more  than  one  place  (p.  150  and  189).  They  reflect 
hffht  powerfully  and  hence  po^sieis  what  is  termed  metalhc  lustre 
If  the  incident  light  he  plane  pohiizcd  it  indergoes  a  remarkable 
chanD-e  produced  only  by  the  metals  and  by  diamond  becoming 
eUiptically  polarized  on  reflection  The  metals  are  characterized 
\er}  ",0  npletelj  bi  then  powei  of  conduLlii  g  heat  and  elpctricity, 
m  which  although  tl  c^  diflei  imong  each  other  jet  the  worst 
excels  all  non  mt,talln.  bodies      Lists  of  their  relative  conducting 
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powers  in  these  respects  have  been  already  given  (p,  92,  109,  and 
137).  By  the  combination  of  these  characters,  the  lustre  and  con- 
ducting power,  tjje  metallic  or  non-metallic  nature  of  a  body  ja  al- 
ways determined. 

In  the  other  properties  of  the  metals  there  is  found  remarkable 
diversity  ;  thus  in  colour,  although  silver  is  purely  white,  the  major- 
ity of  the  metals  are  of  various  shades  of  bluish-white  or  gray, 
while  copper  and  titanium  are  reddish  coloured,  and  gold  is  yellow. 
In  specific  gravity,  the  metals  include  some  of  the  lightest  along 
withtheheaviest  solids  that  we  know  J  the  density  of  platinum  being 
21  times,  of  gold  19  times,  and  of  potassium  only  ^j  that  of  water. 

Some  of  the  most  important  applications  of  the  metals  in  the  arts 
depend  on  their  malleability  and  ductility.  Those  metals  are  malle- 
able which  admit  of  being  rolled  or  beaten  out  into  thin  leaves; 
those  being  ductile  whicli  can  be  drawn  into  wire.  Gold  is  the 
most  malleable  of  metals ;  gold  leaf  may  be  obtained  of  ss^ani  •''' 
an  inch  in  thickoess,  and  is  hence  the  only  metal  in  which  any  trace 
of  transparency  has  b^en  found;  silver,  copper,  tin,  rank  next  in 
malleability.  The  most  malleable  metals  are  not  at  ait  the  most 
ductile  ;  platinum,  and  even  iron,  can  be  obtained  in  finer  wire  than 
gold  ;  platinum  wire  was  made  by  WoJlaston  of  g-j^;;^^  inch  diame- 
ter; but  a  metal  which  i'f  not  malleable  cannot  be  ductile,  and  vice 
versa  J  thus  antimony,  a.rseiic.  and  bismuth,  the  brittle  metals,  may 
be  powdered  in  a  mortur,  but  give  neither  leaves  nor  wire.  The 
texture  of  the  metals  which  produces  the  malleable  and  ductile  con- 
ditions, depends  closely  upon  temperature.  Thus  zinc  is  malleable 
and  ductile  at  300';  it  loses  this  power,  bat  remains  tough,  at  60", 
while  at  600^  it  becomes  so  brittle  that  it  powders  as  easily  as  bis- 
muth. In  the  drawing  of  lead  pipe,  and  in  making  most  of  the  me- 
tallic wires,  there  is  a  peculifir  temperature  required  for  the  most 
perfect  execution,  by  which  is  regulated  the  rapidity  with  which  the 
process  is  carried  on. 

In  strength  and  tenacity  the  metals  differ  ako  ;  iron  is  the  strong-- 
est  metal ;  an  iron  wire  of  a  given  tbickness  will  support  a  greater 
weight  than  a  similar  wire  of  any  other  metal;  copner  is  next  to  iron, 
but  only  about  one  half  so  strong ;  then  platinum,  silver,  and  gold ; 
tin  and  lead  are  the  weakest  of  the  metals.  The  tenacity  depends 
also  on  the  molecular  structure ;  if  the  wires  had  been  annealed,  so 
as  to  allow  of  an  approach  to  internal  crystallization,  the  tenacity 
is  often  found  to  be  reduced  to  one  half. 

In  their  relations  to  heat  the  metals  exhibit  remarkable  varietyi 
but  one  metal  is  liquid  at  ordinary  temperatures.  All  the  metaU 
are  fusible,  but  they  require  for  their  liquefaction  the  greatest  rangff 
of  temperalure  which  can  be  produced;  thus  mercury  melts  at — 39^. 
potassium  and  sodium  below  the  heat  of  boiling  water ;  tin,  lead. 
zinc,  antimony,  and  tellurium  below  a  red  heat,  and  many  metals 
as  platinum,  are  infusible  in  the  most  intense  heat  of  a  blast  furnace 
and  yield  only  to  the  flame  of  the  oxyhydrogen  blowpipe.  In  the 
history  of  each  individual  metal,  its  point  of  fusion  will  be  given,  so 
far  as  it  is  known. 

The  majority  of  the  metals  are  fixed  at  the  greatest  heat  of  our 
furnaces;  but  mercury,  zinc,  cadmium,  arsenic,  tellurium,  potassium, 
and  sodium  may  be  volatilized. 
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The  generality  of  metals,  when  exposed  to  the  air,  particularly 
when  damp,  absorb  oxygen  and  form  oxides ;  some  becoming  mere- 
ly tarnished  upon  the  surface,  others  becoming  thoroughly  oxidized. 
Some  metals,  however,  aa  gold,  silver,  platinum,  palladium,  and 
mercury,  are  not  liable  to  this  action.  Those  metals  which  oxidize 
when  exposed  to  air,  unite  with  oxygen  at  a  higher  temperature 
with  great  rapidity,  many  with  actual  combustion.  Thas  zinc,  when 
heated  to  full  redness,  takes  fire  and  burns  brilliantly  with  a  white 
flame,  and  the  combustion  of  iron  wire  in  oxygen  Is  one  of  the  pret- 
tiest lecture  experiments.  Metctiry  also,  which  does  not  tarnisli 
when  exposed  to  oxygen  at  common  temperatures,  becomes  oxi- 
dized when  heated  to  near  its  boillog  point,  but  the  oxide  is  resolv- 
ed again  at  a  red  heat  into  oxygen  and  metallic  mercury. 

It  is  owing  to  their  affinity  for  oxygen  that  many  of  the  metals 
decompose  water,  and  oae  of  the  most  convenient  classifications 
that  have  been  proposed  for  ordinary  use  is  fouhded  on  the  fact  of 
the  different  degrees  of  facility  with  which  this  decomposition  pro- 
ceeds. Thus, 
PotasMum, 
bodium, 
I  itUium, 
Barium, 
Stroittium, 
Calcium, 
Magnesiam, 
Aluminum, 
Glucinum, 
Thonam, 


yiijiu    . 
Zirconium, 


Nn-kcl, 

Liibalt, 

Zmc, 

Cadmium, 

Tm, 

rhromium, 

Vanaihum, 

lungsten, 

Moljbdenuir 

Osmium, 

Columbium, 

Titamum, 

Arsenic 

Antimony, 

Telluiium, 

Uranium, 

Copper, 

Sismuth, 

Sdver, 

Mercury, 

r.o!d, 

Palladium, 

Platimim 

Rhodium, 

iridiunii 


Tlie  second  el 
wiih  lively  cffei- 
rwl  iieat. 


The  third  class  consists  of  metals  which  do  not  decompose  water 
except  at  a  red  heat,  or  at  common  temperatures  in  contact  with 
strong  acids. 


lurlh  class  consists  of  metals  which 
ergetically  at  a  red  heat,  but  which  do 
temperature,  even  in  contact  with  strong  acids. 


■)  The  fifth  class  consists  of  metals  which  decompose  water  at  a  red 
>heaC  but  very  feebly,  but  whose  oxides  are  not  reducible  to  the  me- 
J  tallic  stale  by  heat  alone. 


I      The  sixth  class  c 

>a!one  at  a  high  temper! 
under  any  r' * 


of  metals  wlioso  oxides  ate  decomposea 
and  which  do  not  decompose  watei 
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This  kind  of  classifitiation  was  first  proposed  by  Thenard,  and  haa 
been  adopted  by  Graham  in  a  form  differing  very  slightly  from  that 
now  given. 

The  following  classification,  altliougii  old,  ond  founded  solely  on 
popular  considerations,  is  yet  so  far  consonant  with  the  simplest 
characters  of  the  metals  as  to  be  frequently  referred  to,  and  hence 
to  be  worthy  of  notice. 

Those  metals  which  do  not  tarnish  on  exposure  to  the  air,  and 
the  oxides  of  which  are  reduced  by  heat  alone,  were  termed  the 
noble  OT  perfect  metals  ;  at  the  head  of  this  list  stood  gold,  and  at  the 

AH  the  other  metals  known  to  the  older  chemists  were  termed 
ordinary  or  imperfect  taetals.  Of  the  metals  of  the  first  and  second 
class,  none  had  been  then  discovered;  and  of  their  osides,  only 
potash,  soda,  barytes,  lime,  magnesia,  and  alumina  were  known. 
From  the  old  name  of  potash,  Kali,  with  the  Arabic  prefix  al,  potash 
and  soda,  at  one  time  confounded  together,  were  termed  alkalies, 
and  ammonia,  resembling  them  very  much  when  dissolved  in  water 
or  combined  with  acids,  was  also  called  an  alkali ;  it  was  the  vol- 
atile alkali,  potash  and  soda  being  fixed  alkalies ;  it  was  also  termed 
the  animal  alkali,  while  soda  was  the  mineral  alkali,  being  derived 
from  rock-salt  or  from  the  ocean  ;  and  potash  received  the  name  of 
the  vegetable  alkali,  from  its  source  being  the  ashes  of  plants  grow- 
ing upon  land.  The  alkalies  are  characterized  by  being  very  soluble 
in  water,  and  by  neutralizing  the  strongest  acid^.  They  hence  re- 
store the  blue  colour  of  reddened  litmus  paper,  and  change  the 
vegetable  colours  in  general:  the  yellows  to  brown,  the  reds  and 
blues  to  green. 

Paper  tinged  yellow  by  turmeric  is  a  delicate  test  of  the  presence 
of  an  alkali,  by  which  it  is  browned. 

Magnesia  and  alumina  were  termed  earths,  and  silica  was  classed 
with  them;  these  bodies,  the  earths  proper,  are  insoluble  in  water, 
and  have  no  action  on  turmeric  paper. 

Barytes,  lime,  and  strontia  were  termed  alkaline  earths  ;  they  are 
soluble  in  water,  but  much  less  so  than  the  alkalies ;  these  solutions 
brown  turmeric  paper,  and  neutralize  acids  ;  but  they  are  comp 
ly  distinguished  from  the  alkalies  by  their  combinations  with 
bonic  acid,  which  are  insoluble  in  water,  while  the  alkaline  carbon- 
ates are  very  soluble  in  that  liquid.  These  phrases  of  alkalies  and 
earths  are  of  constant  recurrence  in  descriptions  of  chemical 
cesses  and  results,  and  are  thns  seen  to  be  founded  on,  and  ej:p 
ive  of,  some  of  the  most  important  characters  in  those  bodies. 

Most  of  the  metals  combine  with  oxygen  in  more  than  one 
portion,  and  the  characters  of  the  oxides  are  found  to  be  regulated 
in  a  great  degree  by  their  composition.  All  protoxides  (R,0.)  (R, 
representing  an  equivalent  of  any  metal)  appear  capable  of  combi- 
ning with  acids  to  form  neutral  salts  ;  they  constitute,  properly,  the 
metallic  basis,  but  in  many  cases  snbosides,  (EjO.),  such  as  those 
of  copper  and  mercury,  form  well-characterized  salts,  and  sesqui- 
oxides,  (EjOj),  as  those  of  iron,  manganese,  aluminum,  and  chrome, 
produce  well-defined  classes  of  salts  also,  which,  however,  in  solu- 
tion always  posiiess  an  acid  reaction.     Peroxides,  (R.Oj),  as  those 


b,  Google 


AFFINITY     OF     METALS    FOK    CHLORINE,    ETC.    331' 

of  manganese,  tin,  titaninm,  and  lead,  are  either  indifferent  or  feeWy 
acid,  and  tlie  higher  degrees  of  oxidation  lose  all  basie  ctiariicter, 
and  become  true  acids,  as  the  niangaaic  acid,  Mn.Ojj,  and  the  chro- 
mic aciil  (Cr.Os)- 

The  different  oxides  of  the  same  metal  frequently  unite  with  each 
other,  producing  compounds  which  have  gTeat  similariiy  to  salts. 
Examples  of  this  will  be  found  under  the  heads  of  manganese,  of 
iron,  and  of  lead. 

The  affinity  of  the  metals  for  chlorine  is,  in  many  cases,  even 
more  remarkable  than  that  which  they  manifest  for  oxygen  ;  thas 
gold  and  platinum,  which  resist  even  nitric  acid,  at  once  combine 
with  chlorine;  and  tin,  copper,  mercury,  antimony,  arsenic,  and 
bismuth,  which  require  a  high  temperature  to  eflect  their  rapid 
combination  with  oxygen,  burn  spontaneously  when  introduced  into 
chlorine  gas  in  a  state  of  minute  division.  Most  metallic  oxides 
are  decomposed  by  chlorine  also  at  a  high  temperature  ;  thus,  if  a 
stream  of  chlorine  gas  be  passed  over  lime  heated  to  redness  in  a 
porcelain  tube,  oxygen  gas  is  expelled,  and  the  calcium  remains 
combined  with  chlorine.  On  this  account,  the  chlorides  are  geneN 
ally,  after  the  oxides,  the  most  important  metallic  compounds. 
Towards  iodine,  bromine,  and  fluorine,  the  metals  are  related  near- 
ly as  to  chlorine,  the  afSnities  being,  however,  much  weaker  towards 
bromine,  and  still  more  sp  towards  iodine:  of  fluorine  we  do  not 
as  yet  possess  much  positive  knowledge,  but  its  affinities  appear  to 
be  at  least  as  intense  of  those  of  chlorine. 

The  compounds  of  sulphur  with  the  metals  constitute  a  very  ex- 
tensive and  important  series,  which,  as  has  been  more  fully  noticed 
in  p.  284,  resembles  in  a  very  striking  manner  the  series  of  oxides 
of  the  same  metal.  Many  metals,  at  a  high  temperatHre,  combine 
with  sulphur  with  brilliant  combustion;  and  even  at  common  tem- 
peratures, if  iron  filings  and  sulphur  be  mixed  together  with  a  little 
water,  they  will,  in  uniting,  produce  so  much  heat  as  to  burst  into 
flame,  if  the  mass  be  moderately  large.  The  metallic  sulphurets, 
like  the  metallic  oxides,  are  some  acids  and  some  bases,  and  these, 
by  uniting,  form  the  extensive  classes  of  sulphur-salts.  The  metals 
combine  with  selenium  and  with  phosphorus,  subject  to  nearly  the 
some  conditions  as  in  forming  sulphurets,  but  the  history  of  those 
compounds  is  not  nearly  so  complete.  As  yet  but  very  little  has 
been  done  towards  the  history  of  the  componnds  of  the  metals  with 
nitrogen,  silicium,  or  boron. 

Some  of  the  metals,  tellurium,  arsenic,  and  antimony,  combine 
with  hydrogen,  forming  gaseous  compounds,  which  resemble  very 
closely  the  sulphurets  and  phosphurets  of  hydrogen  in  properties 
and  constitution.  In  these  bodies  the  hj'drogen  is  the  positive  de- 
merit, the  metal  playing  the  part  of  the  sulphur  or  of  oxygen. 

The  circumstances  under  which  the  metals  are  found  in  nature 
are  exceedingly  diverse.  Some  are  found  native,  or  only  alloyed 
with  other  metals,  as  gold,  silver,  tellurium,  bismuth,  and  some  oth- 
ers. Many  exist  combined  with  arsenic,  the  sources  of  cobalt  and 
nickel  being  almost  exclusively  their  native  arseninrets.  Some  me- 
tallic chlorides  and  iodides  exist  also  native,  but  the  most  abundant 
forms  in  which  the  metals  are  to  be  found  are  combinations  with 
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oxygen  and  sulphur.  There  nre  few  of  the  metals  that  do  not  (ixist 
naturally  in  tlie  state  of  oxides,  which  are  either  free  or  else  com- 
bined with  acids,  forming  EaJts.  Thus  lead,  copper,  iron,  zinc,  tin, 
manganese,  antimony,  are  all  found  in  abundance  as  native  oxides, 
or  as  native  sulphates,' carbonates,  arseniates,  phosphates,  silicates, 
SiC,  The  majority  of  the  metals  exist  also  iu  nature  combined  with 
sulphur.  The  sulphurets  of  lead,  of  zinc,  and  of  copper  are  the 
sources  from  whence  the  supplies  of  those  metals  are  obtained  ;  and 
the  sulphuret  of  Iron  exists  in  great  abundance,  and,  although  not 
used  for  the  extraction  of  the  metal,  is  of  great  importance  in  the 
manufactufe  of  green  vitriol,  of  alum,  and  of  sulphuric  acid.  These 
native  compounds  of  the  metals  are  termed  ores  ;  and  the  metal  is 
said  to  be  mineralised  by  the  substance  with  which  it  is  united. 

The,  processes  followed  in  the  extraction  of  the  metals  must  be,  of 
course,  regulated  by  the  composition  of  the  ores  in  which  it  is  con- 
tained ;  and  as  it  will  save  the  necessity  of  frequent  repetition  here- 
after, I  shall  describe  the  general  manner  of  treating  each  kind  of 
ore,  so  far  as  may  serve  the  purpose  of  an  elementary  woclc  like  the 
present,  in  which  the  introduction  of  minute  and  technical  details 
would  be  useless  and  improper.  In  cases  where  the  plan  followed 
for  any  particular  metal  deviates  essentially  from  that  now  about 
to  be  described,  I  shall  notice  the  circumstance  iu  its  special  history. 

Where  the  metal  exists  in  a  simply  oxidized  condition,  it  is  only 
necessary  to  heat  the  ore  strongly  in  contact  with  the  fuel,  by  which 
carbon  is  supplied  in  abundance  for  its  reduction.  The  carbon  com- 
bines with  the  oxygen,  and  the  metal  is  set  free.  It  is  not  often  that 
the  ores  have  this  simple  constitution,  but  in  many  cases  the  metal 
exists  as  a  carbonate,  and  then  the  carbonic  acid  being;  expelled  by 
the  first  application  of  the  heat,  the  oxide  which  remains  is  reduced 
by  the  deoxidizing  action  of  the  ignited  fuel.  Thus  the  native  car- 
bonates of  lead,  of  copper,  of  zinc,  and  especially  of  iron,  are  simply 
reduced  in  this  way:  the  last  mentioned  is  the  ore  which  consti- 
tutes the  great  iron  deposite  of  the  neighbourhood  tif  Glasgow. 

If  the  mineralizing  substance,  however,  be  any  other  than  oxygen, 
carbon,  no  matter  how  intensely  heated,  cannot  produce  any  effect 
upon  the  ore.  Thus  the  native  sulphurets  and  arseniurets  are  not 
acted  upon  by  carbon.  Nor  can  the  metals  be  obtained  in  a  piire 
form  from  any  of  their  salts,  except  the  carbonates,  by  means  of  car- 
bon, for  the  oxygen  of  the  acid  and  base  being  simultaneously  re- 
moved by  its  agency,  the  radical  of  the  acid  remains  united  with  the 
metal,  which  is  thus  only  changed  into  a  new  kind  of  ore.  Thus, 
if  sulphate  of  lead  be  heated  with  any  of  the  forms  of  carbon,  it  is 
converted  into  sulphuret  of  lead,  S.O,+Pb  0.  and  4C.  giving  S.+Pb 
and  4C.0.  And  if  arseniate  of  iron  be  ignited  with  carbon,  all  the 
oxygen  is  removed,  and  the  arsenic  and  iron  remain  in  combination. 
In  such  cases,  it  is  necessary  to  adopt  somewhat  more  circuitous 
methods,  suited  to  the  constitution  of  the  individual  ores. 

In  the  case  of  certain  metallic  sulphurets,  the  meta!  may  be  very 
simply  separated  by  melting  the  ore  with  a  proportional  quantity  of 
a  metal  having  a  greater  affinity  for  sulphur.  Thus  metallic  anti- 
mony is  very  generally  obtained  by  the  fusion  of  the  native  sulphu- 
ret with  iron ;  SbA  and  3Fe.  giving  3Fe.S.  and  Sbj.     On  the  large 
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■,  by  the  oxygen 
iverted  into  sulphurous  and  sulphuric  acid, 
d.  This  process  is  termed  calcination.  A 
I  acid  formed  is  carried  off  with  the  cur- 
initig  product  is  a  sulphate  of  the  metal, 
with  excess  of  base.  When  the  salt  so  formed  is  deoxidized  by 
contact  with  the  ignited  fuel,  the  excess  of  oxide  abandoning  its  ox 
ygen,  yields  an  equivalent  quantity  of  metal,  which,  however,  would 
be  impure  and  of  inferior  quality,  by  having  dissolved  a  portion  of 
the  sulphuret  reproduced  by  the  reduction  of  the  sulphur  from  the 
sulphuric  acid.  It  is  therefore  necessary  to  get  rid  of  that  residual 
portion  of  the  sulphuric  acid  before  the  deoxidizing  process  "Com- 
mences, and  this  is  effected  by  mixing  up  a  proper  quantity  of  lime 
with  the  calcined  mass.  The  lime  decomposes  the  melalUc  sulphate, 
combines  with  the  sulphuric  acid,  and  sets  the  oxide  free;  and  when 
the  deoxidizing  flames  of  the  furnace  pass  over  the  culcined  mass, 
the  metallic  oxide  being  reduced,  yields  a  pure  metal,  while  the  sul- 
phate of  lime,  by  losing  its  oxygen,  is  brought  to  the  state  of  sul- 
phuret of  calcium,  and  remains  as  glassy  scoria  upon  the  surface 
without  injury.  This  kind  of  operation  is  generally  carried  on  in  a 
sort  of  furnace  termed  rever&ei'atory,  from  its  oflice  of  beating-  down 
the  flames  from  the  fireplace  upon  the  materials  stie^\Ld  upon  itc 
hearth.  The  adjoining  figures  will 
give  an  idea  of  its  construction.  The 
upper  is  a  vertical,  and  the  lowei  a  ^ 
horizontalsection,  to  which  the  same 
letters  apply,  a  is  the  fireplace,  and 
b  the  asii-pit ;  at  c  a  low  wall  is  rais  ' 
ed,  termed  the  bridge,  and  the  flames 
and  heated  air  ascending  from  the 
fire  are  reflected  downward  by  the 
low,  vaulted  roof,  and,  impinging  up- 
on the  hearth,  or  sole  of  the  furnace, 
d,  produce  the  greatest  heating  ef  1 
feet  upon  the  materials  laid  thei 
The  openings  i  and  g  serve  for  the 
introduction  of  the  materials,  a 
giving  them  the  arrangement,  agitation,  and  mixture  most  condu- 
cive to  the  success  of  the  operation.  The  damper,  jj,  \a  the  fluw, 
regulates  the  draught,  and  hence  the  intensity  of  the  fire 

In  this  furnace,  the  calcining  or  oxidizing,  ^nd  the  reducing  or 
deoxidizing  effect  is  produced,  accordmg  as  the  supply  ol  fuel  and 
of  air  is  regulated ;  and  thus  the  two  stages  just  described,  m  the 
extraction  of  a  metal  from  its  native  suJphuret,  are  carried  on.  The 
hearth,  d,  is  generally  dished  or  concave  towards  the  centre,  so  that 
the  reduced  metal,  in  its  melted  condition,  may  flow  there,  and  be 
run  out  by  an  aperture  in  the  side  of  the  furnace  when  the  opera- 
tion is  concluded. 

In  the  case  of  sulphuret  of  lead,  a  very  simple  and  beautiful  pro 
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cess  of  reduction  consists  iti  roasting  the  ore  at  a  moderate  temper- 
ature, so  that  about  one  half  of  it  shall  be  converted  into  sulphate 
of  lead  by  oxidineineat,  without  any  of  the  sulphuric  acid  being  driv- 
en off)  and  then,  having  mixed  this  up  well  with  the  unaltered  por- 
tion of  the  ore,  increasing  the  temperature  very  rapidly,  so  that  the 
two  shall  be  fluxed  togetber.  The  result  is  the  complete  conversion 
of  the  mixture  into  sulphurous  acid  gas,  which  passes  off,  and  pure 
metailic  lead,  which  remains,  the  sulphur  of  the  untiltered  ore  com- 
bining with  the  sulphur  and  oxygen  of  that  portion  which  had  been 
oxidized.  Thus  8.0;,+  Pb  0.  and  S.  -l-Pb.  produce  exactly  2S.0 ,  and 
2Ph. 

One  of  the  most  interesting  processes  of  reduction  is  that  by  which 
iron  is  obtained  from  its  most  abundant  ore,  the  ciay  iron  stone. 
This  substance  consists  of  oxide  of  iron  of  greater  or  less  purity, 
combined  with  aiulnina  and  silica.  Now,  as  carbon  cannot  deprive 
silica  of  oxygen  except  under  very  pectitiar  circumstances,  such  as 
those  described  in  pitge  323,  so  the  metal  cannot  be  obtained  by 
mere  deoxidaiioii;  and  even  if  the  oxygen  were  removed,  the  result 
would  not  be  pure  iron,  bat  a  compound  of  silicon  and  iron,  which, 
indeed,  is  formed  in  small  quantity,  and  is  found  generally  in  cast 
iron.  It  is  necessary,  therefore,  to  decompose  the  silicate  of  iron 
of  which  the  ore  is  constituted,  and  this  is  effected  by  means  of  lime. 
The  coal  or  coke  and  the  ore  are  introduced  into  the  furnace,  mixed 
with  a  proportion  of  limestone,  which,  being  calcined  by  the  heat, 
yields  lime,  which  seizes  ujion  the  silicic  acid,  and  the  oxide  of  iron 
being  set  free,  is  immediately  reduced  by  the  carbon  of  tlie  fuel  with 
which  it  is  in  contact,  and  produces  metallic  iron.  The  lime,  the 
silica,  and  the  alumina  being  melted  together,  form  a  substance  of 
a  nature  somewhat  between  g-lass  and  porcelain,  which  floats  upon 
the  mass  of  melted  metal,  and  constitutes  the  siaga  or  scoria!  of  the 
iron  furnaces. 

In  the  case  of  ores  containing  arsenic,  of  which  only  the  arseniu- 
rets  of  cobalt  and  nickel  are  of  technical  importance,  the  method 
followed  is  (o  roast  the  ore  in  a  furnnce  so  constructed  that  a  pow- 
erful oxidizing  action  shall  be  produced  by  a  current  of  air  stream- 
ing over  the  ignited  ore  ;  both  metals  being  thus  oxidized,  arsenious 
acid,  and  oxide  of  cobalt  or  of  nickel  are  produced;  the  greater 
part  of  the  former  is  expelled  by  the  heat,  and,  being  carried  oft'  by 
the  draught,  is  conducted  into  large  chambers,  where  it  is  gradually 
deposited  under  the  form  of  a  fine  white  powder  upon  the  walls  and 
floor.  The  metal  with  which  the  arsenic  had  been  combined  re- 
mains in  the  state  of  oxide  united  with  a  little  arsenious  acid,  and 
is  subsequently  extracted  or  employed  in  other  processes. 

The  reduction  of  a  metal  from  the  state  of  suJphiiret  is  frequently 
eflected  upon  the  small  scale  by  fusion  with  a  mixture  of  lime  and 
charcoal,  or  of  carbonate  of  potash  and  charcoal,  which  last  is  fa- 
miliarly termed  black  fiux.  The  theory  of  this  process  is  very  sim- 
ple. Thus,  if  siilphuret  of  antimony,  lime,  and  charcoal  be  melted 
together,  the  sulphur  I'ombines  with  the  calcium  of  the  lime,  the 
,  oxygen  of. which  unites  with  the  antimony,  SbA  and  3Ga.O.  giving 
3Ca.S.  and  SbjOj.  This  last  is  then  decomposed  by  the  charcoal, 
the  oxygen  combining  with  the  carbon,  and  the  metallic  antimony 
separates. 
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The  black  flux  used  in  such  operations  is  prepared  by  deflagrating 
together  equal  parts  of  nitre  and  cream  of  tartar ;  the  nitrogen  and 
oxygen  of  the  former  unite  with  the  Carbon  and  hydrogen  of  the 
latter,  forming:  carbonic  acid,  nitrogen,  and  water:  the  potash  of 
both  remains  behind  as  carbonate,  mixed  with  the  excess  of  carbon 
which  had  escaped  combustion.  If  two  parts  of  nitre  be  used  with 
one  of  cream  of  tartar,  there  remains  after  deflagration  a  white 
muBs  of  carbonate  of  potash,  which  is  known  as  white  Jinx,  and  useii  in 
processes  where  the  deoxidizing  effect  of  the  carbon  is  not  required, 
Thnf,  for  the  reduction  of  chloride  of  silver,  it  is  sufficient  to  fuse 
it  with  half  its  weight  of  white  flux ;  the  chlorine  combines  with  the 
potassium,  and  the  silver,  which  at  a  lower  temperature  would  have 
united  with  the  oxygen  and  carbonic  acid,  is  separated,  those  two 
bodies  escaping  in  the  gaseous  form  ;  the  formula  of  the  reaction 
being  that  K.O.  .  CO,  and  Ci.Ag.  give  K.Cl.  and  free  Ag.,  while  0. 
and  C.Oj  are  driven  off. 

Hydrogen,  although  inapplicable  to  the  reduction  of  the  metals 
upon  the  large  scale,  and  for  the  purposes  of  the  arts,  is  yet  to  llie 
chemist  a  most  valuable  agent  for  this  office,  as  it  acts  upon  all  va- 
rieties of  metallic  combinations,  whether  oxides,  chlorides,  or  sul- 
pliurets  ;  and  that  the  results  it  gives  are  so  accurate  as  to  serve  as 
bases  for  some  of  the  most  fundamental  propositions  of  the  science. 
Thus  we  have  already  seen  that  the  composition  of  water  is  best 
determined  by  the  action  of  hydrogen  gas  upon  oxide  of  copper, 
and  in  analytical  investigations,  the  isolation  of  a  meiai,  by  decom- 
posing its  chloride  or  sulphuret  in  a  stream  c-^"  hydrogen  gas,  is 
frequently  employed.  The  deoxidizing  action  of  hydrogen  is  oc- 
casionally used  in  an  indirect  manner.  Thus  a  very  convenient 
mode  of  obtaining  silver  from  the  chloride  consists  in  fusing  it 
with  some  common  resin:  this  consists  of  carbon,  hydrogen,  and 
oxygen,  of  which  only  the  hydrogen  is  active;  it  combining  with 
the  chlorine  carries  it  off  as  muriatic  acid  gas,  while  the  metallic 
silver  is  separated.  If  the  chloride  of  silver  be  difl'used  through 
water  rendered  slightly  acid,  and  a  slip  of  zinc  be  introduced,  an 
evolution  of  hydrogen  commences,  and  the  silver  separates  as  a  line 
metallic  powder  as  the  zinc  dissolves.  ,  But  tbc  action  ia  here  more 
properly  galvanic  ;  an  equivalent  (32-3)  of  zinc  combining  with  the 
chlorine  in  place  of  each  equivalent  (108)  of  silver  which  is  set 
free.  The  precipitation  of  copper  from  the  water  of  copper  mines, 
which  holds  sulphate  of  copper  dissolved,  by  dipping  therein  pieces 
of  iron,  and,  indeed,  all  cases  of  tiie  precipitation  of  one  metal  by 
another,  are  referrible  to  the  same  soujce. 

The  physical  agent,  electricity,  which  has  been  already  found  to 
influence  chemical  action  to  so  remarkable  a  degree,  has  been  em- 
ployed with  considerable  success  in  the  reduction  of  certain  met- 
als. It  was  first  applied  by  Davy,  who  thereby  made  bis  wonderful 
discoveries  of  (he  composition  of  the  alkalies  and  earths.  It  has 
been  totally  superseded  in  that  point  of  view  by  simpler  processes, 
but  has  recently  been  applied  by  Becquerel,  upon,  the  large  scale,  to 
the  extraction  of  the  precious  metals  from  their  ores. 

There  are  many  other  methods  of  reduction,  which,  however, 
being  limited  in  their  application  to  individual  metals,  will  form 
more  properly  a  part  of  their  special  history. 
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OF  THE   INDIVIDU. 


Of  Potassium. 

Potassium  is  the  mefallic  basis  of  t!ie  alkali  potash.  It  was  ongi 
nally  discovered  by  Sir  Humphrey  Davy,  who  obtained  it  by  sub- 
mitting a  piece  of  caustic  potasli,  slightly  moistened,  so  as  to  be  a 
conductor  of  electricity,  to  the  action  of  a  powerful  galvanic  bat- 
tery; the  water  and  the  potash  were  siraiiltaticously  dec.omposed, 
oxygen  being  evolved  at  the  positive  eSeetrode,  while  hydrogen  and 
potassium  were  separated  at  the  negative  wire..  From  the  heat 
generated  by  the  intense  power  used,  the  metaliic  globules  gener- 
ally burned  as  soon  as  they  came  into  contact  with  the  air,  and  it 
was  with  difficulty  that  a  quantity  was  obtained  sufficient  for  the 
important  researches  in  which  it  was  employed  by  its  illustrious 
discoverer.  By  using  mercury  as  the-  negative  electrode,  the  de- 
composition can  be  effected  by  a  much  weaker  force,  and  even 
with  a  single  pair  of  plates,  as  in  the  arrangement  of  Dr.  Bird,  de- 
scribed in  p.  199. 

The  decomposition  of  potash  by  truly  chemical  means  is  due  to 
Gay  Lussac,  but  it  is  by  the  process  of  Brunner  that  the  metal  is 
now  universally  obtained.  As  it  is  carried  on  only,  however,  in  the 
most  extensive  and  best-appointed  laboratories,  a  very  short  sketch 
of  it  win  suffice  here. 

Cream  of  tartar,  which  consists  of  tartaric  acid  united  to  potash, 
a  be  ignited  in  a  covered  crucible,  until  there  r 


carbonate  of  potash  mixed  with  carbon  in  a  state  of  very  minute 
division,  and  this  mass  is  to  be  intimately  mixed,  while  still  hot, 
with  a  quantity  of  coarsely-powdered  wood  charcoal,  which  serves 
to  render  the  whole  porous,  so  as  to  allow  of  the  escape  of  the 
gases  generated  in  its  interior  without  its  swelling  up.  The  mate- 
rial so  prepared  is  introduced  into  an  iron  bottle,  such  as  those  in 
which  quicksilver  is  imported  ;  to  the  mouth  of  the  bottle,  which  is 
laid  horizontally  in  a  wind  furnace,  is  adapted  a  short  iron  tube, 
passing  to  a  coppor  condenser  partly  iilled  with  rectified  naptha, 
and  so  constructed  with  partitions  as  to  exclude  the  air,  while  there 
passes  through  it  a  stout  iron  wire,  terminated  by  a  screw,  with 
which  the  iron  tube  can  be  cleared  of  any  solid  material  that  might 
be  deposited  in  it.  The  apparatus  being  so  arranged,  and  the  re- 
ceiver surrounded  by  ice,  a  fire  is  lighted  in  the  furnace,  and  when 
the  iron  bottle  has  become  white  hot,  the  decomposition  of  the 
potash  begins,  the  metal  distils  over,  and  condenses  in   ' 
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in  g^Iobules,  whicli  are  protected  by  the  naptha,  ia  which  they  sink,, 
while  the  oxygen  of  the  potash  and  of  the  carbonic  acid  combines 
with  carbon,  forming  carbonic  acid,  which  e'scaping  under  the  par- 
titions in  the  recenei  passes  awij  ,  K  0  +C  O,  and  2C  producing 
K.  and  3C.0.  The  great  difficulty  and  loss  in  this  process  arise, 
however,  from  a  cause  which  is  not  at  fiibt  appaient,  it  is,  that 
carbonic  oxide  and  potassium  unite  to  form  a  dark  gray  mass, 
which  sublimes,  and  condensing  in  the  short  iron  t  ibe  renders  the 
screw  necessary  t  J  eep  the  pas«iage  clear  and  frequpnlly  causes 
the  faihire  of  the  process  Eien  m  the  most  snccesafil  results, 
one  half  of  the  metal  actuallj  leduced  as  lost  bj  combining  with 
the  carbonic  oxide 

The  potassium  this  obtained  is  verj  impure  contaming  much 
carbon,  and  a  quantity  of  that  compound  of  carbonic  oxide  which 
passes  over  into  the  receiver.  To  purify  it,  it  is  redistilled  in  cast 
iron  retorts,  from  which  the  nir  has  been  previously  excluded  by 
vapour  of  naptha,  and  it  is  thus  obtained  in  globules  like  peas,  in 
which  state  it  may  be  preserved  under  naptha  perfectly  free  from 
oxygen. 

At  common  temperatures,  potassium  is  soft,  and  maybe  moulded 
in  the  fingers  like  wax.  At  32^  it  is  quite  brittle,  and  crystallizes 
in  cubes  ;  at  70'  It  is  pasty,  and  at  150'  perfectly  liquid.  At  a  dull 
red  heat  it  boils,  forming  a  green  vapour,  and  may,  as  described 
above,  be  easily  distilled.  It  is  specifically  lighter  than  water,  its 
specific  gravity  being  0*865. 

The  colour  of  potassium  is  of  a  bluish  white,  but  its  surface  in 
stantly  becomes  gray  when  exposed  to  the  air,  owing  to  the  absorp- 
tion of  oxygen  and  the  formation  of  a  crust  of  potash.  If  it  be., 
heated,  it  ijurns  with  a  vivid  violet  fiame.  So  great  is  its  affinity 
for  oxygen  that  it  decomposes  water,  and  even  ice,  with  great  vio- 
lence, so  much  heat  being  evolved  that,  if  the  experiment  be  made 
in  the  air,  the  hydrogen  gas  evolved  and  the  metal  both  inflame 
and  burn  with  a  fine  violet  colour.  When  the  metal  has  been  all 
consumed,  a  globule  of  fused  dry  potash  remains,  which,  when  it 
has  cooled  to  a  certain  degree,  combines  with  water  with  a  loud  re- 
port, and  instantly  then  dissolves. 

Potassium  is  remarkably  characterized  by  its  great  affinity  for  ox- 
ygen, which  it  abstracts  from  almost  ail  bodies  ;  thus  its  use  in  the 
preparation  of  boron  and  silicon  has  been  already  noticed ;  and  al- 
though, at  very  high  temperatures,  iron  and  carbon  take  oxygen  from 
potassium,  yet  at  a  lower  degree  of  heat,  oxide  of  iron  and  carbonic 
acid  are  both  decomposed  by  potassium,  carbon  being  deposited 
from  the  one,' and  metallic  iron  separated  from  the  other. 

The  symbol  of  potassium  is  K.,  the  initial  of  the  word  Kalium, 
by  which  the  metal  is  designated  by  most  of  the  Continental  chem- 
ists J  the  old  name  kali  being  still  retained  in  preference  to  the  word 
potash,  which  has  been  adopted  only  in  Great  Britain  and  in  France. 
The  equivalent  is  490  or  39'3,  according  to  the  scale. 

Oieidea  of  Potassium. — Potassium  combines  with  oxygen  in  two 
proportions,  forming  a  protoxide  K.O.,  and  a  peroxide  K  Oj. 

The  protoxide  of  potassium  constitutes  the  important  alkali  pot- 
ash; it  can  only  be  obtained  free  from  water  by  exposing  potassium 
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to  the  action  of  dry  air,-when  it  ie  convertecl  into  a  white  powder, 
which  is  fusible  q.t  a  red,  and  volatile  at  a  wliite  heat ;  if  this  sub- 
"stancft  be.onCB  •united  with  ^yi^tC)  '*  cannot  be  separated  from  it 
.'exQepf,  ,by  combinatioo  with  an  acid.  The  potash  of  commerce, 
and  that  used,  in  the  laboratory,  1.3,  therefore,  always  hydrate  ol 
P9tash;  the  dry  potash,  in  uniting  with  water,  becomes  ignited. 
Before  the  discovery  of  carbouic  acid,  the  alkalies  and  their  carbon- 
ates were  distinguished  from  each  miier  by  the  epithets  of  mild 
aiid/cadetic,  and  hence 'for  medicinal  purposes,  and  in  some  phni" 
tflacopccias,  the  hydrate  of  potash  is  still  termed  caustic  potash. 
,  Toprepare.a  solution  of  potash,  the  carbonate  of  potash  of  com- 
.merce',' derived  fWm  the  sources  to  be  detailed  in  its  description,  is 
to  hfe  dissolved  il^  ten  parts  of  water,  and  the  solution  beiiiff  made 
to  bpjl  smartly,  is  to^  be  decomposed  by  one  part  of  slacked  lime  iu 
fine  ppvvder,  which  is  to  be  gradually  added,  the  boiling  being  btiskly 
kept  up  i  the  Jime  abstracts  the  carbonic  acid  from  the  potash,  and 
carbonate  of  lime  is  formed,  which  at  that  temperature,  constituting 
minute  crystals  of  arragonite,  is  rapidly  and  completely  deposited. 
The  clear  liquor  is  to  be  tested  occasionally  by  adding  to  a  small 
quantity  of  it  an  excess  of  muriatic  acid;  as  soon  as  the  absence  of 
_ir.  "---"s  that  all  the  alkaline  carbonate  lias  been  dec    " 


posed,  the  pan  is  to  he  removed,  and  being  laid  aside,  carefully  cov- 
'fered,  iintii  the  carbonate  of  lime  has  been  well  settled,  the  clear  li- 
qifoi"  may  be  siphoned  off.  The  decomposition  of  the  carbonate  ot 
notash  by  the  lime  would  take  place  also  at  ordinary  temperatures, 
but  the'precipitate  would  be  in  the  rhombohedral  form,  and  being 
specifically  lighter  and  more  finely  divided,  would  occupy  much 
jnore  room,  and  would  not  separate  so  well.  If  the  carbonate  of 
potash  be  dissolved  in  less  than  six  parts  of  water,  it  is  not  decom- 
posed by 'lime  i  on  the  contrary,  when  a  strong  solution  of  caustic 
potash  is  boiled  with  carbonate  of  lime,  carbonate  of  potash  is  pro- 
duced', and  lime  set  free. 

When  the  solution  of  caustic  potash  is  evaporated  in  a  basin  of 
iron,  or  silver,  or  platina,  there  remains  a  liquid  which  solidifies  on 
coolin'g  into  the  hydrate  of  potash,  K.O.  .  H.O.  This  liquid  is  gener- 
ally run  into  cylindricni  moulds,  in  which  form  the  caustic  potash 
or  fused  potash  of  the  shops  is  generally  found.  In  this  state  it  is, 
bo^v^ver,  impure,  and  it  requires  to  be  freed  from  the  admixed  sul- 
phate and  carbonate  of  potash,  chloride  and  peroxide  of  potassium, 
and  oxida  of  iron,  which  it  generally  contains,  by  being  dissolved 
in  absolute  alcohol,  the  solution  evaporated  to  dryness,  and  the  ro- 
ttiaining  potash  fused  a  second  time- 
Hydrate  of  pQtash  is  a  pure  white  solid,  of  a  crystalline  fracture  ; 
it  fuses  below  redness.  In  the  fingers  it  has  a  peculiar  soapy  feel, 
owing  to  its  dissolving  the  cuticle,  with  which  it  forms  a  kind  of  ■ 
eoap;  it  acts  powerfully  on  all  organic  tissues,  dissolving  and  decom- 
posing ihoin,  and  hence  its  use  in  surgery,  and  its  name  of  caustic 
potash.  It  dissolves  in  water,  with  the  evolution  of  considerable 
heat;  -a  concentrated  solution  of  it  crystallizes  when  exposed  to 
cold,  in  rhombic  octohodrons,  whose  composition  is  K.0.4-5H.O. 

The  solution  of  potash  is  pre-eminently  alkaline  ;  it  neutralizes  the 
strongest  acids,  browns  turmeric  paper,       '  '     ' ' 
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of  litmus  yinper  reddened  by  an  acid.  It  absorbs  carbonic  acid  rap- 
idly IVoni  tbe  air,  und  must  licnce  be  preserved  in  close  vessels.  Xt 
acts  rapidly  on  glass  containing  much  alkali  or  lead_,  and  hence  should 
be  preserved  in  bottles  of  common  green  glass. 

The  uses  of  potash  in  chemistry  are  too  numerous  to  mention  ;  it 
being  the  strongest  base,  is  employed  in  almost  all  cases  of  saline 
decomposition,  and  Its  various  compoands  are  of  great  importance 
in  tbe  c!iemicai  arts,  of  which  many  will  be  noticed  hereafter  in  de- 
tail. 

Potash  is  distinguished,  when  free,  first,  by  its  general  alkaline 
characters,  and  by  its  aot  being  precipitated  by  carbonate  of  soda, 
whicb  separates  h  from  everything  but  soda  and  ammonia.  From 
the  latter  it  is  known  by  the  brown  stain  produced  on  turmeric  paper 
being  permanent,  whereas  the  brown  colour  produced  by  ammonia 
disappears  when  the  paper  is  warmed ;  and  from  soda  it  .is  known 
by  giving  with  an  excess  of  the  perchloric,  tartaric,  and  hydrofluo- 
silicic  acids,  sparingly  soluble  salts,  whereas  the  soda  salts  of  these 
acids  are  all  easily  soluble.  A  solution  of  potash,  if  neutralized  by 
muriatic  acid,  gives,  on  the  addition  of  chloride  of  platinum,  a  fine 
yellow  precipitate,  whereas,  with  a  solution  of  soda,  no  precipitation 

The  salts  of  potash  act  in  all  respects  similarly,  except  that,  as 
there  is  no  alkali  in  excess,  the  action  on  vegetable  colours  is  not 
that  of  an  alkali.  The  salts  of  ammonia  resemble  precisely  the  salts 
of  potash  in  their  action  on  those  precipitanta  described  above,  but 
they  are  at  once  distinguished  by  the  application  of  heat.  The  salts 
of  ammonia  are  all  volatilized,  either  with  or  without  decomposition, 
by  a  red  heat,  while  those  of  potash  are  fixed,  and  give  to  the  flame 
of  the  blowpipe  a  distinct  and  characteristic  violet  tinge. 

Potash  consisting  of  an  equivalent  of  each  element,  its  formula  is 
K.O.,  and  its  composition, 

Potassium,  83-05  One  equivalent  =490  or  39-3 

Oxygen,       16-95  One  equivalent  —100  or    8-0 

iOO-00  590       47^ 

Peroxide  of  Potassium.  K.O3, — This  sabstanee,  whioh  is  of  very  little  iinportaace, 
la  formed  by  burning  potassium  in  an  excess  of  oxygen  gaa ;  it  is  a  yellow  powder, 
decomposed  by  water,  potash  dissolving,  and  oxygen  bejnft  given  off.  When  hy- 
drate'of  potash  is  heated  to  I'edaess  in  air,  some  peroxide  is  always  foimed,  and 
hence  tiie  lused  potash  of  the  shops  generally  gives  off  minute  bubbles  of  oxygen 


Sulp/mreis  of  Potassium. — When  potassium  is  gently  heated  in 
contact  with  sulphur,  they  unite  with  brilliant  combustion,  and,  ac- 
cording to  the  proportions  in  which  they  are  employed,  form  the 
Bulphureta  of  potassium,  of  which  there  are  altogether  foar.  Theso 
bodies  are,  however,  always  prepared  in  practice  by  more  econom- 
ical processes. 

If  sulphate  of  potash  be  ignited  in  a  glass  tube,  and  a  current  of  dry  hyrlrogpn  gas 
be  passed  over  it,  all  the  oxygen,  botli  of  acid  and  base,  is  reujoved  in  the  state  of 
water,  and  protoaul^ret  of  polaaamm  remains,  Thns  K.O. .  S.O,  and  4H.  produce 
4H  0.  and  K.S.  The  same  result  follows  from  igniting  strongly,  in  a  craoible,  a 
mixture  of  charcoal  and  sulphate  of  potash ;  all  the  oxygen  is  removed  as  caibonio 
oxide,  and  the  sulphur  and  tlie  potassium  remain  in  combiiiati'.'n,  K.O, .  S.Oj  and  40, 
giving  4C,(").  atid  K,S, 
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This  protosulphuret  is  of  a  brown  coloiir,  fusible  balow  a  red  heat,  easily  solu- 
ble, and  its  solution  is  yellow,  and  reacts  highly  alkaline  and  caustic.  When  ex- 
posed to  the  air,  it  absorbs  oxygen  rapidly ;  and  in  prepaiitig  it  from  sulphate  of  pot- 
ash, by  carbon,  if  lampblack  be  used,  so  that  the  product  shall  be  in  a  state  rf  very 
mioute  division,  U  takes  tiie  spootatieoosly  nn  coniing  into  contact  with  ibe  air, 
constituting  s  pyrophoms.  If  Ihe  protosulphuret  of  potassium  be  acted  upon  by 
Hoids,  water  is  (iecomposed,  K.S.  and  H.O.  giving  IC.O.  ^nd  H.S, ;  the  potash  re- 
mains, united  with  the  aeid,  ajid  the  sulpburet  of  hydrogen  is  given  off.  No  solid 
BuIphuT  ia  deposited,  and  the  liquor  Temains  cle.tr. 

A  solution  of  the  protosulphuret  dissolves  sulphur  in  large  quantity,  the  higher 
Bulphnrets  being  formed.  It  absorbs  sulphuretted  hydrogen  in  such  proportion  that 
a  compound  is  produced,  K.S,4-II.S.,  exactly  similar  to  the  hydrate  of  potash, 
K.O.4-H.O. 

The  leraTilpkurel  o/'poMssiiim  corresponds  to  the  peroxide,  its  formula  being  K.Sj. 
It  constitutes  the  mass  of  the  kepar  sulphuris,  iiver  of  sulphur,  of  the  pharinaco- 
pceias.  It  may  he  prepared  by  fusing,  at  a  low  red  heat,  one  part  of  sulphur  and 
two  ofcarbonateof  potash,  the  mass  being  kept  liquid  as  long  as  it  elTerTesceSjfrom 
carbonic  acid  gas  being  evolved.  In  this  reaction,  a  quantity  of  oxygen  from  the 
potash  comjiiaes  with  one  portion  of  the  sulphur,  forming  hyposulphurous  or  sul- 
phuric acid,  according  to  the  temperature,  wliile  the  remainder  of  the  sulphur  com- 
bines with  tiie  potassium,  producing  a  sulphurpt,  the  composition  of  which  is  de- 
termined by  the  quantity  of  sulphur  present.  WitJi  the  above  proportions  the  reac- 
tion may  be  considered  thus  :  4(K  O.-f  C.Oi)  and  lOS.  give  3K.Sa  and  K.O. .  S.O3, 
which  constitute  the  fused  mass,  while  4C.O2  is  driven  off  with  eflferveacence.  If, 
however,  equal  weights  of  carbonate  of  potash  and  of  sulphur  be  employed,  the 
fiulphuret  formed  contains  five  equivalents  of  sulphur :  it  is  the  pentasulphuret. 

These  sulphurets  resemble  each  other  completely  in  external  appearance ;  they 
are,  liver-brown ;  they  deliquesce  in  the  Eur,  and  absorb  oxygen  rapidly.  Their  solu- 
tions, which  are  at  first  deep  yellow,  become  colourless  by  uniting  with  oxygen, 
hyposuiphite  of  potash  being  formed,  and  sulphur  precipitated.  If  a  solution  of  the 
tersulphuret  or  pentasulphuret  be  treated  with  an  acid,  water  is  decompiled,  and 
potash  being  formed,  eulphiiret  of  hydrogen  is  produced ;  the  remaining  sulphur 
then  scparalea  in  a  state  of  very  minute  division,  and  of  a  milk-white  colour,  con- 
stituting the  lac  «i(;;i'ians,  or  the  su(pltt'jjreciJB((tfiim  of  pharmacy.  If  the  acid  em- 
ployed be  strong  and  in  great  excess,  a  quantity  of  bisulphuret  of  hydrogen  is  form- 
ed, as  explained  in  page  S93. 

Rose  ia  of  opinion  that  the  whiteness  of  precipitated  sulphur  depends  not  merely 
upon  its  minute  division,  but  that  it  is  owing  to  the  presence  of  a  trace  of  bisut- 
phuret  of  hydrogen.  When  the  hepar  sulpkuria  is  decomposed  by  an  acid,  it  is  not 
merely  that  the  excess  of  sulphur  is  set  free,  but  in  addition,  as  there  is  always  hy- 
poaulphurous  acid  present;  this,  when  evolved,  acts  on  the  sulphuretted  hydrogen, 
and  the  sulphur  of  both  is  precipitated,  water  being  formed  {  S.O2  and  SH.S.  giving 
SH.O.  and  33. 

The  PeTitastilpharet  of  Pottasium  is  prepared  perfectly  pure  by  decomposing  sul- 
phate of  potash  by  sulphuret  of  hydrogen,  at  a  red  heat.  Thus  K.O.  .  S.O,  and 
4H.S.  give  K,S(  and  4H.0.  This  reaction  supports  very  much  the  view  that  this 
pentasuljihuret  is  really  sulphate  of  potash,  in  which  the  oxygen,  both  of  acid  and 
base,  ia  replaced  by  sulphur,  for  K.Ssmay  be  constituted  of  K.S.  and  S.S,. 

The  seleniurets  of  potassium  are  similar  in  constitution  to  the  sulphurets.  They 
evolve  seleniuret  of  hydrogen  when  treated  jy  acids,  with  precipitation  of  aeluni- 
um  when  it  is  present  in  greater  proportion  than  one  equivalent. 

0/  Sodium. 
Sodium  exists  in  great  quantities  in  the  mineral  kingdom,  es- 
pecially combined  with  chlorine,  as  common  salt,  of  which  enor- 
mous deposites  are  found  in  England,  Poland,  and  elsewhere,  besides 
forming  the  leading  saline  ingredient  of  the  waters  of  salt  lakes  and 
of  the  ocean.     It  is  found  in  many  minerals,  and  is  remarkably 

frevalent  in  the  animal  fluids,  all  of  which  contain  common  salt. 
t  is,  ii>decd,  from  tbe  chloride  of  sodium  that  we  derive,  whether 
directly  or  indirectly,  all  the  supplies  of  the  various  compounds  of 
this  metal. 
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The  discovery  of  sodium  was  made  in  the  same  manner,  and  im 
mediately  subsequent  to  that  of  potassium,  by  Humplirey  Davy, 
and  it  is  now  prepared  in  exactly  the  same  manner  as  that  metal. 
It  is,  however,  much  more  easily  prepared;  its  reduction  does  not 
jequire  so  high  a  temperature,  and  it  does  not  unite  with  carbonic 
oxide,  so  that  the  formation  of  the  black  sublimate,  which  is  the 
principal  source  of  loss  and  failure  in  preparing  potassium,  does  not 

Sodium  is  lighter  than  water,  its  sp.  gr.  being  0-972;  it  conse- 
quently floats  upon  that  liquid ;  and  when  a  globule  of  the  metal  is 
thrown  into  a  basin  of  water,  this  is  decomposed  with  great  rapidity, 
hydrogen  being  evolved  ;  but  the  action  is  not  so  energetic  as  with 
potassium  ;  the  gas  does  not  take  fire  spontaneously.  But  if  the 
globule  be  prevented  from  moving  about,  the  water  becomes  heat- 
ed, and  the  action  increases  so  much  as  to  set  fire  to  the  gas;  this 
occurs  when  there  is -so  little  water  that  the  globule  does  not  swim, 
or  when  it  is  fastened  to  the  edge  of  the  vessel,  or  if  the  water  be 
thickened  by  gum  or  starch.  If  some  oil  of  vitriol  be  added  to  the 
water,  the  action  is  so  much  more  active,  that  combustion  occurs 
even  when  the  metallic  globule  moves  rapidly  about. 

The  symbol  of  sodium  is  Na.,  derived  from  the  word  Natrium,  as 
Boda  still  retains  in  many  countries  the  name  Natron.  Its  equiva- 
lent numbers  are  291  or  23-3. 

Sodium  unites  wilh  oxygen  in  two  proportions,  forming  the  pro- 
toxide, or  soda,  Na.O.,  ani^  the  peroxide,  of  which  the  constitution 
is  not  exactly  knovva.  Tii's  last  is  prepared  just  as  the  peroxide  of 
potassium,  which  it  resembles  completely  in  its  properties.  The 
former  only  requires  detailed  notice. 

The  preparation  of  dry  soda  is  effected  like  that  of  potash,  by 
heating  the  metal  in  dry  air  or  oxygen.  It  is  grayish  wliite,  and 
absorbs  water  with  excessive  power.  From  the  hydrate  of  soda 
the  water  can  be  expelled  only  by  an  acid.  The  caustic  soda  is, 
therefore,  always  like  caustic  potash,  a  hydrate  of  the  alkali.  For 
the  preparation  of  caustic  soda,  the  same  process  is  to  he  followed 
as  for.  that  ofpotash.  The  carbonate  of  soda  of  commerce,  dissolv- 
ed in  boiling  water,  is  decomposed  by  slacked  lime,  it  being  neces- 
sary, however,  to  use  one  third  more  lime,  from  the  smaller  equiv- 
alent number  of  soda.  The  solution  of  caustic  soda  resembles  that 
of  caustic  potash  in  all  its  alkaline  characters,  but  its  action  is  not 
so  intense.  It  is  a  weaker  alkali,  its  salts  being  decomposed  in 
all  cases  by  potash. 

The  soda  consists  of  an  equivalent  of  each  element ;  its  formula 
is  Na.O.,  and  its  composition, 

Sodium,  74-42         One  equivalent  =291  or  23-3 
Oxygen,  25-58         One  equivalent  =100,  or  ^0 
100-00  39f       31-3 

The  detection  of  soda  is  very  simple.  On  adding  to  a  solution  ot 
the  substance  to  be  examined  a  solution  of  carbonate  of  soda,  if  there 
be  no  precipitate  produced,  the  base  of  the  salt  present  must  be  an 
alkali.  On  then  applying  the  various  tests  for  potash  and  for  am- 
monia detailed  in  tlie  last  section,  if  no  evidence  of  their  presence 
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be  obtained,  the  nlkali  must  be  soda;  and  even  where  potash  alsa 
is  present,  a  small  quantity  of  soda  may  be  recognised,  by  ils  tin- 
ging the  flame  of  the  blowpipe  of  a  fine  yellow  colour. 

The  compounds  of  soda  are  very  numerous  and  important,  and 
will  be  described  in  their  proper  place,  among  the  salts. 

The  salphurels  of  sodium  resemble,  so  cdmpletely  liie  Eulphllrels  of  potassium  ag 
not  to  require  more  than  a  reference  to  their  descripiion.  To  the  seleniurels  o! 
eodiunt  the  same  remark  applies. 

Lithium. 

This  metal  is  found  only  in  a  few  minerals,  of  which  one  of  the 
most  common,  spodumene,  occurs  at  Killiney,  near  Dublin.  Thia 
mineral  is  a  double  silicate  of  the  alkaJi  lithia  (oxide  of  lithium)  and 
alumina.  Tbe  metal  haa  been  obtained  by  voltaic  decomposition, 
but  only  in  very  small  quantity.  It  is  white,  lilce  sodium,  and  he- 
comes  oxidized  immediately  on  exposure  to  the  air.  Its  symbol  is 
L.,  and  its  equivalent  number  80'3  or  G-i. 

To  obtain  lithia,  the  simplest  process  is  to  mix  the  mineral  containing  it  (gener- 
ally lepidolite  or  spodumene),  previously  reduced  to  very  fine  powder,  nith  fluor 
spar,  and  digest  the  mass  with  oil  of  vitriol,  until  it  ta  completely  decomposed ;  the 
silica  is  carried  off  by  the  hydrofluoric  add  (see  page  3S4),  and  the  lime,  the  alumina, 
and  (he  lithia  remain  combined  with  the  sulphuric  acid.  By  tlie  action  of  a  small 
quantity  of  water,  the  sulphates  of  lithia  and  alumina  are  dissolved  out,  and  ttic  lust 
then  precipitated  by  ammonia.  The  sulphates  of  lithia  and  ammonia  being  then  ig- 
nited, the  sulphate  of  ammonia  is  decomposed,  and  Che  sulphate  of  lithia  obtained 
pure.  This  is  but  a  general  outhne  of  the  process,  which  requires  many  additional 
operations  for  a  fully  successfid  resuk. 

Lithia  is  distinguished  from  the  other  alkalies  by  the  sparing  sol- 
ubility of  its  carbonate,  in  which  characier  it  approximates  to  the 
property  of  the  earths,  thus  connetting  the  two  classes  of  metals. 
Being  so  rarely  found,  and  of  no  application  in  the  arts,  its  history 
is  not  of  much  importance. 

Lithia  is  recognised  by  the  sparing  solubility  of  its  carbonate,  and 
by  tinging  the  flanne  of  the  blowpipe  of  a  briDiant  red  colour.  This 
last  character  easily  distinguishes  it  from  soda.  Lithia  is  a  protox- 
ide, its  formula  being  L.O. ;  its  equivalents  ISO'S  or  li-i. 

The  sulphurets  and  seleniurets  of  lithium  do  not  possess  any  in- 
terest. 

The  alkali  ammonia  might,  on  one  hypothesis  of  its  nature,  he  described  here. 
When  combined  with  hydrogen,  it  is  considered  by  Beraelius  and  many  other  chem- 
ists to  form  a  remarkable  compound  metal,  amiacaiam,  N.Hj,  whose  relations  to 
potassium  are  of  an  exceedingly  intimate  kind ;  and  the  salts  of  ammonia,  which 
contain  ammonia  and  water,  N.Hj+H.O,,  are  looked  upon  as  consisting  of  an  nside 
of  that  meial,H,H4.  0.  in  combination  with  an  acid.  1  prefer,  however,  to  study  the 
history  of  ammonia,  and  al!  the  classes  of  compounds  into  which  it  enters,  among 
tte  bodies  of  organic  origin. 


Eariiim. 

Barium  is  found' exclusively  in  the 

nineral  kingdom,  where 

its 

oxide,  barytes,  is  the  basis  of  several  n 

inerals,  as  the  sulphate 

and 

carbonate,  which  are  the  usual  source 

from  which  it  is  obtai 

ned 

The  metal  barium  was  discovered  by  Sir  Humphrey  Davy  imme- 
diately after  the  discovery  of  the  basis  of  the  alkalies.  It  may  be 
preparedby  voltaic  action,  as  described  under  the  head  of  potassium, 
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or  muc!i  better  by  passing  the  vapour  of  potassjiim  over  barytea 
heated  to  redness;  the  potassium  takes  the  oxygen  of  the  barytes, 
and  the  barium  is  set  free.  By  washing  the  residue  with  mercury, 
the  metallic  barium  is  dissolved  out,  and  the  mercury  being  th^n 
distilled  off  in  a  retort  of  hard  glass,  the  barium  remains  behind  ;  it 
is  a  white  metal  like  silver ;  it  fuses  below  a  red  heat  j  it  is  denser 
than  oil  of  vitriol ;  it  decomposes  water  with  great  rapidity,  evolv- 
ing hydrogen  gas  and  forming  barytes  {oxide  of  barium). 

The  name  barium  is  derived  from  papv^,  heavy ;  the  native  sul- 
phate of  barytes  having  been  called  formerly  terra  jionderosa,  or  heavy 
spor.     Its  symbol  is  Ba, ;  its  equivalent  numbers  856'9  or  68'7. 

Barium  combines  with  oxyg'en  in  two  proportions,  forming  a  pro- 
toxide, which  is  the  earth  barytes,  Ba.O.,  and  a  deutoxide,  Ba.Oj. 
The  preparation  of  this  last  has  been  described  so  fully  when  ex- 
plaining its  only  important  use,  the  formation  of  deutoxide  of  hy- 
drogen (p.  258),  that  it  need  not  be  farther  noticed  here.  The 
protoxide,  barytes,  is,  however,  one  of  the  most  important  earths. 

To  procure  pure  barytes,  the  nitrate  of  barytes  is  to  be  gently 
heated  to  redness  in  a  porcelain  crucible.  It  fuses  at  a  dull  red, 
and  boils  briskly  from  the  rapid  escape  of  oxygen;  when  this  has 
terminated,  there  remains  a  gray  loosely  coherent  powder,  which 
is  barytes.  The  melted  salt  is  in  this  process  very  apt  to  froth  up, 
so  much  as  to  overflow,  unless  the  vessel  be  of  considerable  size  ; 
this  is  very  simply  avoided  by  mixing  the  nitrate  of  barytes,  before- 
band,  with  twice  its  weight  of  sulphate  of  barytes  in  fine  powder. 
When  the  nitrate  melts,  the  sulphate  gives  the  mass  a  degree  of 
consistence  which  prevents  its  frothing  up,  and  on  boiling  the  re- 
sidua] mass  with  water,  all  the  pure  barytes  dissolves,  the  sulphatQ 
remaining  totally  unacted  on. 

Jf  the  native  carbonate  of  barytes,  Ba.O. .  COj,  be  strongly  heated  with  carbon,  the 
carbonio  acid  is  converteil  into  carbonic  osiJe,  which  passes  ofT.  and  pura  Ijarylea 
remains  behind,  Ba.O. .  C.Oj  and  C,  giving  Ba.0.  and  SCO. ;  the  former  prttceas  ia, 
however,  so  much  easier,  that  It  alone  is  now  usually  errjployed.  Graham  has  siig' 
geated  the  employment  of  iodate  of  barytes  as  a  substitute  for  the  nitrate :  other 
processes  wdi  be  described  under  the  headofeulpharet  of  barium. 

Pure  barytes  is  a  heavy  gray  powder  ;  when  exposed  to  the  air, 
it  absorbs  water  rapidly,  giving  out  much  heat,  and  falling  into  a  fine 
white  powder,  hydrate  ofbary/es,  Ea.O.+H.O.  Another  hydrate  may 
be  obtained  crystallized,  by  dissolving  barytes  in  three  parts  of  boil- 
ing water,  and  allowing  the  solution  to  cool  slowly;  it  contains  nina 
equivalents  of  water.  The  solution  of  barytes  is  very  caustic  and 
alkaline;  exposed  to  the  air,  it  absorbs  carbonic  acid,  and  a  white 
precipitate  of  carbonate  of  barytes  is  forined ;  it  is  hence  used  to 
determine  the  quantity  of  carbonic  acid  present  in  the  air  (p.  263)i 
and  in  some  other  cases. 

The  detection  of  barytes  is  very  simple;  its  soluble  compounds 
give  white  precipitates  with  carbonate  of  soda,  with  sulphuric  acid, 
and  with  hydrofluosilicic  acid,  and  none  of  these  are  affected  by  a 
solution  of  sulphuretted  hydrogen  gas  in  water.  The  sulphate  of 
barytes  is  not  merely  insoluble  in  water,  but  also  in  nitric  and  mu« 
riatic  acids,  whioh  is  a  farther  characteristic  of  this  earth. 
The  foimula  of  birytes  is  Ba.O.,  and  ils  composition, 
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Barium,    89-55         One  equivalent  =856-9  or  6S-7 

Oxygen,   10-45         One  equivalent  =100-0  or    8-0 

100-00  95H^       7^7 

The  soluble  compounds  of  barytes  are  all  poisonous,  and  the  car- 
bonate, although  insoluble  in  water,  is  yet  dissolved  by  the  free 
acids  of  the  stomach,  and  becomes  poisonous.  The  antidote  to  alJ 
barytic  preparations  is  sulphate  of  soda,  oi  sulphate  of  magnesia, 
administered  in  excess;  the  sulphate  of  barytes  then  produced  is 
absolutely  inert. 

Svlphuret  of  Barium.  Ba.S. — This  body  is  of  considerable  inter- 
est, as  the  source  of  barytes  and  of  most  of  its  ordinary  compounds  ; 
to  prepare  it,  sulphate  of  barytes  in  fine  powder  is  to  be  mixed  with 
one  fourth  of  its  weight  of  lampblack,  and  exposed  to  a  very  strong 
heat  for  two  hours;  the  carbon  removes  alt  the  oxygen  from  the 
salt ;  carbonic  oxide  is  evolved,  and  sulphuret  of  barium  remains ; 
Ba.O.  .  S-Oj  and  4C.  giving  4C.O.  and  Ba.S.  The  mass  thus  ob- 
tained is  to  be  boiled  in  water ;  a  deep  yellow  solution  is  then  pro- 
duced, from  which  the  auiphuret  of  barium  crystallizes  on  cooling  ; 
it  is  then  a  hydrate,  but  its  water  of  crystallization  may  be  removed 
by  a  moderate  heat.  The  sulphuret  of  barium  is  decomposed  by 
acids,  sulphuret  of  hydrogen  being  evolved,  and  a  salt  of  barytes 
formed :  it  is  thus  that  the  salts  of  barytes  are  obtained  for  labora- 

A  simple  mode  of  obtaining  caustic  barytes  directly  from  the  sul- 
phuret of  barium  has  been  recently  given  by  Mohr.  It  consists  in 
adding  to  a  boiling  solution  of  the  sulphuret,  black  oxide  of  copper, 
until  the  whole  of  the  sulphuret  of  barium  is  decomposed,  as  is  easily 
ascertained,  by  adding  a  drop  of  the  solution  to  a  solution  of  acetate 
of  lead  ;  the  copper  combines  with  the  sulphur,  while  the  barium 
and  the  oxygen  unite,  Ba.S.  and  Cu.O.  producing  Ba.O.  and  Cu.S. 
This  is  probably  the  simplest  and  cheapest  means  of  obtaining  pure 

Of  Sirontium. 

This  metal  is  the  basis  of  the  earth  strontia,  protoxide  of  stron- 
tium, which  exists  native  combined  with  sulphuric  and  carbonic 
acids.  The  native  carbonate  of  strontia  was  first  found  at  Strontian 
in  Scotland,  and  proved  to  contain  an  earth  difierent  from  barytes 
by  Dr.  Hope.  The  similarity  of  these  two  earths  is  very  great,  so 
Ihat  the  general  outline  of  the  history  of  strontia  is  the  same  as  that 
of  barytes. 

The  metal  strontium  is  obtained  precisely  as  barium,  with  which 
it  perfectly  agrees  in  character  so  far  as  its  properties  have  been 
OBcertained.  Its  symbol  is  Sr.,  and  its  equivalent  number  547-3  or 
43-S.  To  obtain  strontia,  the  same  processes  may  be  employed  which 
were  described  for  the  preparation  of  barytes,  substituting  the  native 
carbonate  or  sulphate  of  strontiafor  the  compounds  of  barytes.  The 
strontia  is  gray,  slacks  on  exposure  to  the  air,  forming  a  hydrate, 
Sr.O. .  H.O  ,  and  by  crystallization  from  its  watery  solution,  another 
hydrate,  Sr.O.  -j-  9H,0.  Strontia  is  less  soluble  than  barytes,  its  last* 
is  not  so  caustic,  nor  is  it  so  poisonous 
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Stronlia  is  distinguished  from  barytes  by  tinging  thti  flame  of  the 
blowpipe  a  rich  crimson.  The  red  lights  used  in  fireworks  owe 
their  colour  to  nitrate  of  strontia,  which  is  used  in  the  preparation. 
Like  barytes,  the  soluble  salts  of  strontia  are  precipitated  by  sul- 
ptiuric  acid,  but  tlie  sulphate  of  strontia  is  not  so  very  insoluble  as 
sulphate  of  barytes;  a  solution  of  strontia  is  also  precipitated  by 
carbonate  of  soda.  The  hydrofliiosilicic  and  the  hyposulphurous 
ncids,  which  precipitate  barytes,  do  not  precipitate  strontia,  and  ihiis 
these  earths  may  be  distinguished  and  separated  from  each  other  j 
the  chromic  acid  acts  in  a  similar  manner. 

The  sulphuret  andseleniuret  of  strontium  resemble  perfectly  thosH 
of  barium,  and  arc  prepared  in  the  same  way. 
Of  Calcium. 

The  existence  of  this  metal  was  first  recognised  by  Sir  Humphrey 
Davy,  it  being  obtained  from  lime  by  the  same  method  as  that  de- 
.  scribed  under  the  head  of  barium ;  it  is  while  like  silver  ;  it  sinks  in 
water,  which  it  decomposes  rapidly,  evolving  hydrog'enjaiid  uniting 
with  oxygen,  forms  lime  (protoxide  of  calcium).  The  symbol  of 
calcium  is  Ca.,  and  its  equivalent  number  256  or  20-5. 

Calcium  combines  with  oxygen  only  in  one  proportion,  forming 
lime,  the  most  important  of  the  earths.  It  is  found  very  extensively 
distributed  in  the  mineral  kingdom,  principally  combined  with  sul- 
phuric and  carbonic  acids,  forming  sulphate  of  lime  (gypsum,  plas- 
ter of  Paris)  and  carbonate  of  lime  (marble,  limestone,  chalk).  These 
substances  exist  as  rocks  or  crystallized,  the  last  constituting  the 
mineral  species,  arragonite  and  cole  spar,  often  referred  to  under 
the  heads  of  crystalline  systems,  isomorphism,  and  dimorphism. 
Lime  is  found  also  combined  with  phosphoric  and  arsenic  acids  in 
several  minerals,  and  the  native  fluoride  of  calcium  is  the  fluor  spaj, 
used  for  the  preparation  of  the  hydrofluoric  acid  and  other  com- 
pounds of  fluorine. 

Notwithstanding  the  immense  quantities  of  carbonate  of  lime 
which  are  found  constituting  a  great  portion  of  the  surface  of  the 
globe,  as,  for  instance,  the  whole  centre  of  Ireland  is  one  vast  plain 
of  limestone,  and  in  that  as  well  as  other  forms,  chalky  marble,  &c., 
it  is  equally  extensive  in  most  other  countries,  it  is  questionable 
whether  lime  should  not  be  looked  upon  as  rather  a  characteristic 
of  the  animal  than  of  the  mineral  kingdom  of  nature.  The  bony  or 
testaceous  skeleton,  by  which  the  softer  portions  of  the  animal  frarne 
are  attached,  is  always  found  to  consist  of  lime  united  either  with 
carbonic  or  phosphoric  acids,  and  the  diversity  of  chemical  compo- 
sition in  this  respect  is  found  to  coincide  in  a  remarkable  degree 
with  the  most  natural  physiological  classification.  The  skeletons  of 
the  vertebrated  animals  consist  principally  of  phosphate  of  lime, 
while  in  the  shells  of  the  invertebrate  animals,  the  carbonate  of  lime 
ia  the  prevalent  component.  The  teeth  also  consist  of  phosphate 
of  lime;  in  all  these  cases,  the  phosphate  of  lime  is  associated  with 
fluoride  of  calcium,  just  as  occurs  in  the  native  phosj>hate,  the  min- 
eral apatite. 

Now  it  is  remarkable  that  all  the  great  geological  formations 
which  contain  carbonate  of  lime  are  found  to  consist  of  the  f^ggre- 
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gated  skeletons  (shells)  of  myriads  of  the  tribes  of  invertebrated  an 
imals,  whicli  had  existed  in  some  former  period  of  the  world's  his- 
tory. From  the  densest  and  hardest  limestone  to  the  softest  clialk, 
the  entire  mass  resolves  itself  ultimately  into  a  congeries  of  animal 
remains,  and  hence  the  great  supply  of  lime  in  the  mineral  state 
arises  from  tiie  destruction  of  its  animal  sources.  Even  those  crys- 
talline marbles  in  which  no  organic  remains  can  he  traced,  appear 
destitute  of  them  only  from  having  been  subjected,  by  volcanic  heat 
or  otherwise,  to  the  influence  of  causes  which  have  gradually  render- 
ed th«  texture  of  the  mass  completely  uniform.  The  lime  which 
exists  in  nature  must  therefore  he  looked  upon  as  being  continually 
in  a  state  of  passage  between  the  organized  and  the  inorganic  king- 
doms. The  plants  which  grow  upon  the  soil  take  up,  by  dissolution 
in  their  juices,  salts  of  iime,  which  pass  into  the  substance  of  the 
animal  which  feeds  upon  them,  and,  accumulating  in  Its  system,  af- 
ford materials  for  the  proper  development  of  the  skeleton.  When 
the  animal  dies,  the  materials  of  its  tissues  either  serve  for  the  nu- 
trition of  some  other  animal,  or,  being  totally  decomposed,  its  ele- 
ments return  to  the  mineral  kingdom,  to  be,  in  after  ages,  the  sub- 
ject of  similar  alternations. 

Lime  is  always  obtained,  for  the  purposes  of  chemistry  and  of 
the  arts,  by  the  decomposition  of  the  native  carbonate.  To  obtain 
lime  perfectly  pure,  crystals  of  caic  spar  or  pieces  of  Carrara  mar- 
ble should  be  strongly  heated  in  a  crucible  loosely  covefed,  so  that 
the  carbonic  acid  can  readily  escape.  In  the  presence  of  carbonic 
acid,  carbonate  of  lime  is  not  decomposed  by  heat,  as  was  explained 
already  in  p.  170.  On  the  large  scale,  lime  is  obtained  by  burning 
the  ordinary  limestone  in  kilns.  At  the  bottom  Is  a  grate  on  which 
fuel  is  laid,  and  tlie  kiln  then  filled  with  limestone  and  fuel  (culm  or 
small  coal),  mixed  in  suitable  proportions ;  when  the  fire  is  lighted 
on  the  grate,  the  combustion  extends  throughout  the  mass,  and  as 
the  perfectly  burned  lime  is  extracted  at  the  bottom  by  the  orifice 
of  the  grate,  new  quantities  of  fuel  and  limestone  are  introduced 
above,  so  that  the  combustion  is  continuous ;  the  carbonic  acid 
evolved  is  completely  removed  by  the  rapid  draught  through  the 
fire.         _      . 

Lime  is  a  pure  white  earth.  When  exposed  to  the  air,  it  rapidly 
absorbs  water,  and  falls  into  a  white  powder  (slacked  lime),  which 
is  a  hydrate, Ca.O. .  H.O.  If  a  little  water  be  ponced  on  a  piece  of 
well-burned  lime,  It  is  absorbed  instantly,  and  the  lime  appears  quite 
dry,  but  after  a  few  moments  cracks,  and  falls  into  the  powder  of 
hydrate,  evolving  so  much  heat  as  to  char  wood  and  inflame  gim- 
powder  when  in  large  quantities.  It  is  thus  that  vessels  laden  with 
lime  have  been  burned  at  sea,  by  water  penetrating  to  the  hold. 
Lime  is  soluble  in  water,  though  but  sparingly,  and  still  less  soluble 
in  boiling  than  in  cold  water ;  one  part  of  lime  requiring  778  of  wa- 
ter at  60',  and  1270  at  212''  for  its  solution  ;  hence,  when  lime-water 
is  boiled,  it  becomes  turbjd.  The  solution  of  lime  has  an  acrid,  slight- 
ly caustic  taste ;  it  reacts  alkaline ;  exposed  to  the  air,  it  abso  ' 
carbonic  acid,  becoming  covered  with  a  crystalline  pellicle  of  c 
bonate  of  lime.  On  breathing  into  lime-water  through  a  glass  tu 
it  is  immediately  rendered  turbid  by  the  carbonate  of  lime  piodut 
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by  TL'spiration  J  an  excess  of  the  cathouic  acid,  however,  dissolves 
the  preeipiiate.  It  is  in  tliis  way  tbat  carbonate  of  lime  is  held  dis- 
solved in  almost  all  ordinary  spring  and  river  waters.  If  lime  be 
perfectly  dry,  it  has  little  or  no  tendency  to  absorb  carbonic  acid; 
it  requites  to  be  first  slacked,  and  then  the  hydrate  is  decomposed, 
the  water  being  expelled  by  the  carbonic  acid;  the  absorption  is 
very  rapid  until  the  lime  becomes  one  half  saturated,  a  compound 
of  Ca.O. .  C.O,+Ca.O. .  H.O.  being  probably  formed,  but  after  that 
point  it  advances  very  slowly. 

Lime  being  a  protoxide,  its  formula  is  Ca.O.,  and  its  composition 
and  equivalent  numbers  are  as  follows: 

Calcium,  71-91  One  equivalent  =256-0  or  20-5 

Oxygen,    28-09  One  equivalent  =]QQ-0  or    8-0 

100-00  356-0       2ii-5 

Lime  is  easily  distinguished  by  its  dilute  solutions  not  being  pre- 
cipitated by  sufphui-ic  acid  or  sulphate  of  soda,  hut  giving  a  white 
precipitate  of  oxalate  of  lione  on  tlie  addition  of  a  solution  of  oxalic 
acid;  an  excess  of  oxalic  acid  does  not  redissolve  this  precipitate. 
.  The  nitrate  of  lime  is  deliquescent  and  soluble  in  alcohol,  in  whicli 
it  also  differs  from  the  preceding  earths.  The  compounds  of  lime, 
when  ignited  before  the  blowpipe,  tinge  the  flame  of  a  briclc-red 

Lime  is  of  great  importance  in  the  arts,  from  its  use  in  making" 
mortar,  and  in  agriculture  from  its  application  as  a  manure.  The 
lime  in  mortar  is  not  as  carbonate,  and  its  coherent  property  ap- 
pears to  depend  only  on  the  gradual  drying  of  the  hydrate  by  which 
the  stones  are  retained  together,  as  boards  are  by  the  drying  of  the 
glue  between  their  surfaces.  The  use  of  lime  as  a  manure  arises 
from  its  decomposing  the  insoluble  organic  matters  of  the  soil, 
woody  fibres,  ulmine,  &c.,  and  producing  other  products  more  read- 
ily taken  up  by  the  radicles  of  the  growing  plants.  It  is  hence  on 
such  soils  as  possess  a  large  quantity  of  organic  matter,  but  are 
still  barren  from  its  not  being  in  the  suitable  condition,  that  the  ben- 
eficial efl'ecta  of  lime  are  peculiarly  marked. 

There  is  a  deuloxuie  o/caicium,  Ca.Oa,  prepared  by  adding  a  solution  of  deutoxids 
of  hydrogen  to  lime-water ;  it  resemWes  deutoxide  of  barium,  but  is  of  no  impor- 

There  are  three  compounds  of  sulphur  and  calcium  known ;  the  first,  or  proto- 
lulphuret  of  calcium,  Ca,S.,  may  he  prepared  by  healing  sulphate  of  Ihne  to  redness 
in  a  stream  of  hydrogen  gas,  or,  more  simply,  by  igniting  sulphate  of  lime  with  une 
third  of  its  weight  of  t^npblaclc ;  alt  the  oxygen  of  the  salt  is  carried  olf  as  watei 
in  the  one,  or  as  carbonic  oxide  in  the  other  case,  and  the  suljihur  and  calcium  re- 
main united.  It  is  a  white  powder,  but  very  sparingly  soluble  in  water.  It  plays 
an  important  part  in  the  manufacture  of  carbonate  of  soda,  as  will  be  hereafter  ex- 
plained. When  flowers  of  sulphur  and  slacked  lime  are  boiled  together  in  water,  a 
deep  yellow  solution  is  obtained,  which  is  said  to  be  a  sulphuret  of  lime,  but  which 
really  consists  of  a  mixture  of  hyposulphite  of  lime  and  bisulphurel  of  calcium,  6S. 
and  3C a. O.  producing  S20<i.^C a. 0.  aadSCa.S^.  If  the  solution  be  concentrated,  this 
last  separates  in  yellow  prismswith  water  of  crystallization.  It  is  from  this  yellow 
liquor  that  the  preoipitatrd  sulphur  is  prepared ;  for,  on  adding  to  it  an  acid,  sulplm- 
ret  of  hydmgen  is  evolved  fmm  the  suiphuret  of  calcium  in  such  proportion  as  to 
decompose  the  hydros ulphurous  acid,  and  all  tlie  sulphur  is  precipitated,  while  tha 
lime  remain?  in  combination  with  the  acid  which  is  employed.  If  the  sulpiiur  be 
in  great  excess  in  proportion  to  the  lime,  a  pentanilpkurel  of  calcium  may  be  Ibrmed. 

The  aeUaittrel  of  calcmni  is  not  important.     If  pliosphorus  in  vapour  be  passed 


b,  Google 


348  FREfARATION     OP     MAGNESIUM. 

through  a  red-hot  tube  loosely  filled  with  lime,  a  brown  substance  is  produced,  pop- 
ularly teiTned  pliosphuTct  of  iirne,  but  which  is  a  mixture  of  pluephate  of  lime  and 
fkospkiu-u  of  calcium ;  the  temperature  must  not  be  raised  too  hi^h,  or  else  the 
fihoispliurus  may  be  expelled  again.  When  tliie  phusphuret  of  caieium  is  brought 
into  ccntact  wilh  waler,  it  is  decomposed,  phosphite  of  lime  and  phosphuretled  hy- 
drogen being  produced ;  this  last  being  evolved  in  its  spontaneously  inliiunmahle 
condition,  il  is  an  interesting  experiment  to  throw  a  fragment  of  the  brovn  sub- 
Etance  into  a  glass  of  water ;  numerous  gas  bubbles  are  imnjedialely  formed,  xvhieh 
explode  when  ihey  reach  the  air,  as  described  in  p.  300. 

Of  Magnesium. 

This  metal,  like  the  hnses  of  the  other  earths,  was  first  recog- 
nised by  Humphrey  Davy,  but  the  process  by  which  it  is  best  pre- 
pared is  that  giveri  by  Bussy.  A  few  pieces  of  potassium  are  to  be 
placed  at  the  bottom  of  a  tube  of  hard  glass,  and  then  a  quantity  of 
anhydrous  chloride  of  magnesium  in  small  fragments  to  be  laid  upon 
them  ;  the  part  of  the  tube  containing  the  earthy  chloride  is  to  be 
heated  to  near  its  point  of  fusion,  and  the  metal  converted  into  va- 
pour by  the  application  of  the  lamp,  as  in  the  figure,  p.  321 ;  as 
soon  as  the  vapour  of  the  potassium  comes  into  contact  with  the 
heated  salt,  vivid  ignition  ensues,  and  chloride  of  potassium  being 
formed,  the  magnesium  is  liberated  in  the  metallic  state,  Mg.Cl. 
ond  K.  giving  K.Cl,  and  Mg.  When  the  action  has  ceased  and  the 
tube  is  completely  cool,  the  mass  is  to  he  washed  with  warm  wa- 
ter ;  the  chloride  of  potassium  dissolves,  and  leaves  the  magnesium, 
with  perfect  tnetallic  properties,  behind.  It  is  white  like  silver,  mal- 
leable and  fusible  at  a  red  heat ;  it  is  not  changed  by  dry  air,  and 
but  slowly  oxidized  by  damp  air  ;  it  may  be  boiled  in  water  without 
this  being  decomposed.  If  magnesium  be  heated  to  redness  in  air 
or  oxygen,  it  burns  with  brilliancy,  foi'ming  magnesia,  and  it  in- 
flames spontaneously  in  chlorine  ;  it  dissolves  in  dilute  acids  with 
the  evolution  of  hydrogen  gas,  and  the  formation  of  a  salt  of  mag- 
nesia. The  symbol  of  magnesium  is  Mg.,  and  its  equivalent  number 
is  158'3  or  12'7  according  to  the  standard. 

Magnesia,  the  only  known  compound  of  magnesium  and  oxygen, 
is  a  protoxide.  It  exists  in  considerable  quantity  in  nature,  being 
a  constituent  of  a  great  variety  of  minerals  ;  it  is  found  as  hydrate, 
as  carbonate,  sulphate,  and  silicate,  but  its  most  abundant  source  is 
the  magnesian  limestone,  common  both  in  Ireland  and  in  England, 
which  consists  of  an  equivalent  of  each  carbonate,  its  formula  being 
Ca.O..C,Oi-|-Mg.O.,C.Oa.  The  pure  magnesia  is  always  prepared 
by  exposing  the  carbonate  of  magnesia  of  commerce,  the  preparation 
of  which  will  be  described  among  the  salts,  to  a  full  red  heat;  the 
carbonic  acid  is  expelled,  and  the  earth  remains  pure.  Magnesia  is 
a  very  light  white  powder,  without  taste  or  smell ;  it  is  almost  per- 
fectly infusible ;  but  it  and  lime  are  remarkable  for  becoming  beau- 
tifully phosphorescent  when  strongly  healed,  and  it  is  hence  that 
lime  is  used  as  a  source  of  the  most  brilliant  light  when  it  is  heated 
in  the  jet  of  the  oxyhydrogen  blowpipe.  It  is  very  sparingly  solu- 
ble in  water,  and  still  less  so  in  hot  than  in  cold  water ;  its  solution 
browns  turmeric  paper  very  slightly.  It  is  remarkably  inferior  to 
lime  in  basic  power,  but  stiil  neutralizes  the  strongest  acids  perfect- 
ly, forming  excellently  characterized  classes  of  salts. 

The  formula  of  magnesia  is  Mg.O.,  and  its  composition  and  equiv- 
alent numbers  are. 
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Magnesium,  61-29         One  equivalent  -  158-3  or  12-7 
Oxygen,  38-81         One  equivalent  ==100<)  or    H-Q 

100^00  .  258^        20^ 

Magnesia  is  recognised  by  its  sulphate  being-  very  soluble  in  wa- 
ter, and  a  solution  containing  it  being  precipitated  by  the  nikalies 
and  their  carbonates.  The  precipitate  so  obtained  is  redissolved 
on  adding  to  the  liquor  a  strong  solution  of  sal  ammoniac.  The 
most  delicate  test  for  magnesia  consists  in  rendering  the  liquor  sus- 
pected to  contain  it  alkaline  by  ammonia,  and  then  adding  a  solution 
of  phosphate  of  soda ;  after  a  short  time  the  phosphate  of  ammonia 
and  magnesia  crystallizes  on  the  side  of  the  glass,  particularly  if  It 
be  scratched  by  a  glass  rod:  this  double  sah  is  almost  .completely 
insoluble  in  an  alkaline  liqnor.  A  solid  substance  containing  mag- 
nesia possesses  the  property,  that,  if  it  be  moistened  by  a  very  small 
quantity  of  nitrate  of  cobalt,  and  ignited  strongly  by  the  blowpipe, 
it  becomes  a  fine  pink  or  rose  colour:  the  presence  of  other  bodies 
may,  however,  interfere  with  this  result. 

The  sulphurets  and  seleniurets  of  magnesium  are  of  no  impor- 
tance ;  they  resemble,  almost  perfectly,  those  of  calcium  already 
noticed. 


Of  J!lumin!i?it, 

This  metal  is  prepared  by  the  action  of  potassium  upon  its  chlo- 
ride, exactly  as  described  for  magnesium  in  the  last  division,  but  the 
operation  must  be  performed  in  vessels  of  platinum  or  porcelain, 
as  the  heat  spontaneously  evolved  during  the  reaction  is  so  intense 
as  to  fuse  the  most  refractory  glass;  the  quantity  operated  on 
should  lOcewise  be  small.  A  gray  melted  mass  of  chloride  of  potas- 
sium and  metallic  aluminum  rem.-iins,  which  is  to  be  washed  with 
cold  water,  and  the  metal  is  thus  obtained  in  minute  but  brilliant 
scales. 

Aluminum  does  not  decompose  water  at  ordinary  temperatures, 
and  only  slowly  even  at  a  boiling  heat,  but  it  dissolves  rapidly  in 
dilute  acids,  and  also  in  solutions  of  the  caustic  alkalies,  with  the 
evolution  of  hydrogen  gas,  from  the  water  being  decomposed.  The 
synrbol  of  aluminum  is  Al.,  and  its  equivalent  numbers  are  171-£  or 
13-7,  according  to  the  scale. 

There  is  but  one  compound  known  of  aluminum  and  oxygen:  it 
is  alumina.  This  earth  exists  in  very  large  quantity  in  nature,  being 
even  still  more  abundant  than  lime;  it  is  a  principal  ingredient  of 
almost  all  rocks,  except  the  purest  kinds  of  limestone  ;  it  constitutes 
the  great  mass  of  the  ordinary  clays  and  soils,  these  deposites  bemg 
produced  by  the  gradual  decomposition  and  detrition  of  variouskinds 
of  rocks.  In  all  these  forms  the  alumina  is  generally  combined  with 
silica,  and  sometimes  with  sulphuric  or  phosphoric  acids;  it  is  also 
met  with  pure,  or  at  least  contaminated  by  the  presence  of  only  a 
trace  of  foreign  matter ;  thus  the  ruby  and  the  sapphire,  two  of  the 
most  highly  prized  precious  stones,  are  alumina,  combined  with  small 
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quantities  of  colouring;  mattev.  The  importance  of  alumina  in  the 
arts  is  very  great ;  it  is  a  necessary  ingredient  in  the  formation  of  all 
kinds  of  earthenware,  from  li!es  or  bncks  to  the  finest  kinds  of  por- 
celain, and  is  extensively  used  as  the  basis  or  mordant  for  some  of 
the  tnosi  brilliant  and  durable  colours  that  can  be  fixed  upon  cotton 
or  woollen  cloth.  The  alumina  derives  its  name  from  the  salt  which 
it  forms  with  potash  and  sulphuric  acid,  the  alum  of  commerce,  from 
which  it  is  always  prepared  for  the  purposes  of  the  chemist. 

To  prepare  pure  alumina,  a  solution  of  alum  is  to  be  decom- 
posed by  carbonate  of  potash,  and  the  precipitate  separated  by  the 
filter.  This  precipitate  is  alumina,  the  sulphuric  acid  being  taken 
by  the  potash,  and  the  carbonic  acid,  which  cannot  combine  with 
the  alumina,  being  evolved  as  gas.  The  aiumina  thus  produced  is, 
however,  not  qniie  pure ;  it  always  carries  down  with  it  a  little  sul- 
phate of  potash,  from  which  it  mast  he  separated  by  being  dissolved 
in  dilute  muriatic  acid,  and  again  precipitated  by  carbonate  of  am- 
monia ;  being  then  well  washed,  until  the  water  passes  from  the  fil- 
ter compleieiy  free  from  sal  ammoniac,  it  may  he  looked  upon  as 
pure.  The  alumina  so  obtained,  when  dried  at  common  tempera- 
tures, constitutes  a  bulky  gummy  mass,  which  is  a  hydrate,  the  earth 
and  the  water  containing  equal  quantities  of  oxygen.  To  exppi  this 
water  completely,  it  must  he  exposed  to  a  white  heat ;  in  drying  it 
contracts  very  much.  It  was  on  the  measurement  of  this  contrac- 
tion that  Wedgewood  founded  his  pyrometer,  now  gone  out  of  use, 
and  to  allow  for  it,  all  vessels  of  earthenware  and  china  are  made 
much  larger  than  they  are  intended  to  be  when  completely  bal;ed. 

In  consequence  of  the  great  power  with  which  alumina  absorbs 
and  retains  moisture,  it  adheres  strongly  to  the  tongue,  producing  a 
very  peculiar  sensation  when  applied  to  it.  The  more  or  less  reten- 
tive quality  of  soils  results  from  the  same  property,  and  is  generally 
proportional  to  the  quantity  of  pure  clay  which  they  contain. 

Alumina  is  white  ;  if  dried  at  moderate  temperatures,  it  dissolves 
freely  in  acids  and  in  solutions  of  the  fixed  caustic  alkalies,  hut  if 
it  be  very  strongly  heated,  particularly  if  fused  by  the  o.'syhydrogen 
blowpipe,  it  dissolves  much  more  slowly.  It  is  particularly  remark- 
able for  its  tendency  to  unite  with  organic  matters.  If  a  cotton  cloth 
be  immersed  in  a  solution  of  acetate  of  alumina,  the  earth  will  de- 
posite  itself  completely  on  the  Gbresof  the  cotton,  and  leave  the  acetic 
ncid  free.  The  most  important  processes  in  calico  printing  repose 
upon  this  principle. 

Although  alumina  is  the  only  compound  of  aluminum  and  oxygen, 
it  is  yet  not  to  be  considered  as  a  protoxide!  I  have  already  de- 
scribed, pages  21 3  and  223,  the  isomorphous  and  other  relations  which 
eslahlish  its  constitution  to  be  similar  to  that  of  peroside  of  iron. 
It  is  hence  a  sesquioxide,  and  its  formula  is  Al^Oj.  Its  composition 
and  equivalent  numbers  are. 

Alumina,  53-3  Two  equivalents,     =342-4  or  27'4 

Oxygen,  46^  Three  equivalents,  =_300-0  or_24^ 

1000  642-4.        51-4 

Alumina  is  easily  recognised.  Its  solution  is  precipitated  by  the 
alkaliiit  carhunates,  and  the  precipitate  is  dissolved  by  the  caitslic 
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fixed  alkalies,  but  not  by  ammonia.  It  is  also  precipitated  white  by 
hydrosulphuret  of  ammonia.  If  a  solid  substanie  containing  alumina 
be  moistened  with  a  trace  of  nitrate  of  cobalt,  and  ignited  by  the 
blowpipe,  it  becomes  of  a  beautiful  blue  colour, 

If  ^uminum  be  heated  in  tlie  vapnur  of  sulphur,  it  talies  fire,  and  forms  a  gray 
mass  of  galphurel  of  alvrnmiim.  Tiiia  is  decomposed  by  water,  prijijucirg  aluniiaa 
and  sdphnretted  hydrogen,  sliowing  tliat  its  formula  was  AiiSj,  wliich  wilti  3<1.0. 
give  AI^Ob  and  3H.S.  This  siilphuret,  therefore,  cannot  be  formed  in  Buluiiiin ;  and 
when  &  solution  of  alumina  is  precipilaled  by  hydrosulphuret  ufomnioilia,  as  already 
noticed,  the  precipitate  is  pure  alumina,  and  the  liquor  contains  sulphuiel  of  hy- 
drogen. 

The  seleniuret  and  phosphuret  of  aluminum  are  known,  but  are  of  no  Imporliinoe. 

Of  Glucinum. 

.The  earth  of  which  this  metal  is  the  basis  has  been  found  but  in  a  few  rare  min- 
erals, and  as  it  exercises  no  hiHuence  on  science  from  the  nature  of  its  coniptmnds, 
and  is  of  no  application  in  medicine  or  in  the  arts,  a  very  brief  notice  of  it  will  suf- 
fice. It  exists  in  the  emerald,  beryl,  and  euclase.  To  obtain  it  from  bervi,  tlie 
mineral  is  fused  with  carbonate  of  potash,  the  mass  treated  with  dilute  muriatic 
acid,  and  evaporated  to  dryness  to  separate  the  silica.  The  portion  whioli  dissuWes 
then  in  water  is  to  be  decomposed  by  ammonia,  wliinh  precipitates  the  alimiina  and 
gUiciiia  together,  and  the  moist  precipitate  digested  in  a  strong  cotd  solution  ofcar- 
.  bonate  of  ammonia,  in  wliich  the  glucina  dissolves.  On  boiling  the  filtered  hqnor 
so  obtained,  the  glucina  separates  in  combination  with  cartjonic  acid,  from  which  it 
is  freed  by  ignition,  and  so  obtained  pure. 

This  earth  is  tasteless  and  inodorous ;  it  is  insoluble  in  water,  and  Ijas  no  action 
on  vegetable  colours.  Its  salts  taste  remarliahly  sweet,  whence  its  name  (yXmvc). 
It  ia  easily  recognised  by  its  relation  to  pure  and  carbonated  ammonia,  described  in 
the  details  of  its  preparation.  The  metal  gluaniiai  is  prepared  from  its  cldori^e 
precisely  as  alunilnum  and  magnesium,  wluch  it  resembles  very  closely  in  all  its 
properiies.     Its  symbol  is  G.,  and  its  &;uivalent  numbers  are  331-4  or  2B-5. 

Glucina  is  considered  to  be,  like  alumina,  a  sesquiuxide,  and  its  formula  beiug 
GgOj,  its  composition  and  equivalents  may  easily  be  calculated. 

Of  Yurium,  Thorium,  and  Zircomuin. 

These  metals  are  the  bases  of  earths,  concerning  whiob,  from  the  rarity  of  Uie 
sources  from  wliich  tUey  have  hitherto  been  derived,  but  little  is  kn<iwn.  ami  from 
their  being  destitute  of  scientific  importance  as  well  as  of  praotical  application,  short 
notice  ofUieir  characters  only  need  be  given. 

Yllnian. — The  earth  i/tlria,  oxidt  of  i/Urium,  exists  in  some  rare  Swedisli  min- 
erals, which  wei*  its  only  souraes  until  the  very  reinarkable  discovery,  by  Apjohn, 
of  its  presence  in  the  ordinary  Bohemian  garnet  or  pyrope.  The  method  of  lis  ex- 
traction is  too  complicated  for  description  here.  It  is  insoluhle  in  the  fixed  canstic 
alkalies,  arid  is  precipitated  by  the  yellow  prussiate  of  potash,  by  which  it  is  com- 
pletely distinguished  firom  the  other  eartlis.  It  is  a  protoxide.  Its  formula  is 
hence  Y.O. 

TAormm. — The  earth  Ihoria,  aadc  of  ihorium,  Th.O.,  has  been  fonnd  but  in  two 
very  rare  minerals.  It  is  the  heaviest  of  all  the  earths,  its  sp.  gr.  biiirig  9  4.  It  re- 
sembles ytlria  closely  in  its  properties. 

Zirconium. — The  e,arth  zirconia,  seaqtiioxide  of  siTrmium,  ZroOs,  is  found  in  two 
rare  minerals,  the  hyacinth  and  zircon.  It  resembles  alumina  very  closely  in  all  Its 
properties,  and  in  some  respects  assimilates  itself  to  silica,  and  appears  to  form  the 
link  hy  wliicli  the  metallic  and  non-metallic  bodies  ai-e  connected  in  this  ilirection. 
Thus  the  double  fluoride  o(  zirconium  and  potassium  is  a  sparingly  soluble  salt,  like 
the  fluoride  of  silicon  and  potassium,  and  it  is  fnnn  tliis  double  fluoride  thai  sireo- 
nium  is  obtained,  by  a  {nocess  identical  with  that  whii^h  is  desci'ibcd  in  page  3S1, 
for  tlie  preparation  of  silicon. 

Cerium.     Lanthanvra, 
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naiure.     Their  history  does  not  possess  any  particular  iiilerest,  and  need  hence  bo 
nuticed  but  very  [iriefly. 

The  mfttallie  cerium  is  obtained  by  igniting  the  prolocliloride  of  cerium  witli  po- 
taasium,  as  has  been  already  described  for  other  metals.  It  is  a  slightly  coherent 
brown  powder,  which  decomposes  water  slowly,  esolving  hydrogen,  particularly  if 
the  water  lie  hot,  and  forming  oxide  of  cei'ium.  It  combines  with  oxygen  in  two 
proportions,  foj-ming  a  protoxide  and  a  aesquioxide,  Ce.O.  and  CeiOa.  But  ^1  the 
results  obtained  with  it  now  require  revision,  as  the  discovery  of  lanthanum  has 
tbrown  much  doubt  on  the  purity  of  the  substances  that  have  been  hitherto  analyzed 
BB  comi>ounds  of  cerium,  and  on  its  received  atomic  weiglit.  The  protoxide  of 
cerium  is  of  a  pale  fawn  colour.  If  it  be  heated  in  the  open  air,  it  absorbs  oxygen, 
and  changes  into  the  dark  brown  peroxide;  and  if  this  be  reduced  by  hydrogen 
gas,  at  a  red  heat,  it  forms  a  yellow  complex  oxide,  probably  CegOj. 

Lanlhantim. — It  was  fuund  by  Mosander,  that  by  calcining  protoxide  of  cerium 
BO  as  to  convert  it  Into  peroxide,  only  a  portion  of  it  becamii  insoluble  in  dduto  ni- 
tric acid,  and  that  whidh  dissolved  was  found,  on  accurate  examination,  to  be  really 
an  oxide  of  a  new  metal,  which,  not  forming  an  insoluble  peroxide,  may  be  thus 
separated  from  oxide  of  cerium.  From  its  having  been  so  long  hidden  in  the  oxide 
of  cerium  usually  made,  he  named  it  lanthanum  (haiidavu),  but  its  detailed  his- 
toiy  remains  yet  undeveloped. 

Of  Manganese. 
This  metal  exists  very  extensively  diffused  through  nature,  al- 
though not  in  very  great  quantity.  Traces  of  it  are  found  in  the  an- 
imal and  vegetable  kingdoms,  hut  its  great  sources  are  the  numerous 
combinations  which  it  forms  ivith  oxygen,  and  which  are  etnployed 
for  the  purposes  of  the  arts  and  of  research.  Its  name  is  a  modifi- 
cation of  magnesia,  for  the  native  peroxide  was  once  termed  magne- 
sia nigra  ;  hut  when  the  peculiar  metalwhich  it  contained  was  recog- 
nised, the  present  appellation  was  given  to  it- 
Manganese  is  one  of  the  metals  most  difficult  to  reduce,  from  its 
l^reat  affinity  for  oxygen,  and  tlie  high  temperature  necessary  for 
its  fusion.  To  obtain  it,  the  oxide  must  he  taken  in  a  state  of  very 
fine  division,  and  for  that  object  it  is  best  to  use  an  oxide  artificially 
preparedj.as  described  farther  on.  This  is  to  be  mixed  with  an 
equal  weight  of  lampblack,  and  made  into  a  dough  with  oil,  and  this 
mass  fixed  into  a  crucible,  previously  coated  with  a  mixture  of  clay 
and  charcoal  powder.  The  crucible,  so  filled,  being  covered,  is  to 
be  exposed  to  the  most  violent  heat  of  a  smith's  forge  for  a  couple 
of  hours.  On  then  examining  it,  a  button  of  metallic  manganese 
wiH  he  found  occupying  its  lowest  portion. 

The  metallic  manganese  is  grayish  white,  granular,  and  brittle; 
its  sp.gr.  8-013.  It  is  exceedingly  infusibie.  It  very  soon  tarnishes 
in  the  air,  absorbing  oxygen,  and  falling  into  a  black  powder  after 
some  time.  It  decomposes  pure  water,  but  very  slowly ;  but  rapidly 
dissolves  in  dilute  sulphuric  acid,  with  the  evolution  of  hydrogen 
gas,  sulphate  of  the  protoxide  of  manganese  being  formed. 

The  symbol  of  manganese  is  Mn.,  and  its  atomic  weight  is  346  or 
27'7,  according  to  the  standard. 

It  is  remarkable  for  the  number  of  compounds  which  it  forms  with 
oxygen,  which  are  as  foDows  : 

Protoxide  of  manganese  ....  Mn.O. 
Ses'quioxide  of  manganese  .  .  .  MnjOj. 
Peroxide  of  manganese      ....     Mn.Oj. 

Manganic  acid Mn-Oj. 

Permanganic  acid MnA- 
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In  a<'ililionj  there  are  two  complex  oxides: 

The  red  oxide     ....     Mn^,  or  Mn.O.+MrijO,. 
Varvicite Mn.O-,  or  MnA+SMn.Oj. 

The  metallic  manganese  being  of  such  difRcuIt  preparation,  the 
various  compounds  of  it  are  usually  obtained  from  its  most  abundant 
source,  the  native  peroxide,  which  is  sent  into  commerce  in  large 
quantities,  to  be  employed  in  the  arts  for  the  fabrication  of  chlorine, 
and  in  chemistry  Co  prepare  oxygen,  and  many  other  purposes. 
The  simplest  way  of  preparing  the  salts  of  manganese  from  this  na- 
tive peroxide,  which  is  usually  associated  with  a  large  quantity  of 
oxide  of  iron,  consists  in  dissolving  it  in  an  excess  of  muriatic  acid, 
and  evaporating  the  liquor  so  obtained  to  drj'ness.  The  resulting 
mass  consists  of  chloride  of  manganese  mixed  with  perchloride  of 
iron.  When  this  mass  is  heated  to  redness,  the  perchloride  of  iroa 
is  partly  decomposed  and  partly  volatilized,  and  on  digesting  the 
residual  mass  in  water,  oxide  of  iron  remains  undissolved,  and  a 
colourless  or  faintly  ametliystine  solution  of  protochloride  of  man- 
ganese is  obtained.  From  this  the  various  other  preparations  may 
be  easily  formed. 

Protoxide  of  Manganese — Mn.O. ;  equivalent  446  or  35-7 — may 
bo  prepared  in  many  ways.  If  to  a  solution  of  protochloride  of 
manganese  an  excess  of  a  caustic  alkali  be  added,  a  bulliy  white 

Erecipttate  is  produced,  which  is  hydrated  protoxide  of  manganese. 
a  this  state  it  rapidly  absorbs  oxygen  from  the  air,  becoming  reddish 
brown,  being  converted  into  red  oxide,  which  is  the  most  permanent 
of  the  oxygen  compounds  of  manganese.  If  any  of  the  higher  ox- 
ides of  manganese,  in  a  state  of  fine  division,  such  as  the  red  oxide 
or  peroxide  artificially  prepared,  be  heated  to  redness  in  a  tube  of 
hard  glass,  in  a  stream  of  hydrogen  gas,  oxygen  is  removed  in  such 
proportion  as  to  leave  protoxide  of  manganese  behind.  The  oxide 
so  obtained  is  of  a  greenish  gray  colour  ;  it  does  not  absorb  oxygen 
at  all  so  rapidly  as  the  hydrated  oxide  ;  biit  if  it  be  exposed  to  the 
air  while  hot,  it  rapidly  becomes  brown,  ov  even  burns.  But  it  is 
best  obtained  by  mixing  together  chloride  of  manganese,  carbonate 
of  soda,  and  sal  ammoniac,  and  exposing  them  in  a  kind  of  platinum 
crucible  to  a  full  red  heat.  The  chloride  of  manganese  is  decom- 
posed by  the  carbonate  of  soda,  chloride  of  sodium  and  carbonate 
of  manganese  being  formed;  Mn.CL  and  Na.O. .  C.Oj  giving  Na. 
CI,  and  Mn.O. .  C.Oj,  The  carbonic  acid  is,  however,  driven  off  by 
the  high  temperature,  and  the  protoxide  of  manganese  set  free,  being 
evolved  in  presence  of  the  sal  ammoniac,  which  readily  yields  hy- 
drogen, is  prevented  from  passing  to  a  higher  degree  of  oxidation. 
The  oxide  obtained  at  this  high  temperature  has  no  tendency  to 
combine  farther  with  oxygen  under  ordinary  circumstances,  and 
may  hence  be  easily  preserved. 

The  oxide  is  of  various  shades  of  grayish  green,  according  to  the 
method  of  preparation..  It  is  without  action  on  vegetable  colours, 
but  it  combines  with  ail  the  acids,  evolving  in  some  cases,  as  with 
oil  of  vitriol,  intense  heat,and  forms  salts  remarkable  for  their  def- 
initeness  and  neutrality.  These  salts  are  generally  colourless,  but 
often  of  a  peculiar  rose  colour,  which  is  not  due  to  the  presence  of 
V  Y 
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dny  liigher  degree  of  oxidation,  but  to  a  peculiar  (isomeric)  con- 
dition of  tlie  Bolt  itself. 

Sesquioxide  of  Manganese. — MtijOj.  Equivalent  992  or  79'4.  This 
oxide  is  found  in  nature  in  considerable  quantity,  either  pure,  as  in 
the  mineral  braunite,  or  combined  with  water,  as  in  the  mineral  inan- 
ganite.  It  may  be  prepared  artificially  by  exposing  the  peroxide  for 
a  short  time  to  a  dull  red  heat,  but  it  is  difficult  to  manage  the  de- 
composition of  that  substance  so  that  it  shall  not  proceed  too  .'nr. 
The  sesquioxide  is  of  a  durk  brown  colour;  exposed  to  a  strong 
heat  it  is  partly  decomposed,  evolving  oxygen,  and  being  reduced 
to  the  state  of  red  oxide.  It  combines  with  acids,  forming  salts 
which  are  of  a  deep  red  colour,  and  which  are  isomorphous  with 
those  of  alumina.  Its  salts  are  immediately  decolorized  by  sulphur- 
ous acid  and  by  sulphuretted  hydrogen.  This  oxide  possesses  the 
property  of  staining  glass  purple  or  violet,  and  by  this  character  an 
exceedingly  small  trace  of  manganese  can  be  detected  by  fusing  the 
substance  with  borax  in  the  oxidating  flame  of  the  blowpipe. 

Peroxide  of  Manganese,  or  Black  Oxide. — Mn.Oz.  Equivalent  546 
or  43.7.  This  substance,  which  is  the  most  abundant  source  of 
manganese,  and  that  from  which  all  its  technical  applications  are 
derived,  exists  in  nature  in  a  variety  of  forms.  Crystallized  and  pure, 
it  forms  the  mineral ^yro/wsi«  ;  combined  with  water,  2Mn.0i-|-H. 
0.,  it  constitutes  the  mineral  Wadd,  which, in  an  impure  form,  con- 
taminated with  variable  quantities  of  peroxide  of  iron,  carbonate  of 
lime,  and  carbonate  of  barytes,  forms  the  earthy  varieties,  which  ai'e 
those  usually  found  in  commerce.  This  oxide  may  be  prepared  ar- 
tificially by  decomposing  the  protochloride  of  manganese  by  a  solu- 
tion of  chloride  of  lime,  Mn.Cl.  and  20a.0.  +  Cl.  producing  2Ca.CI. 
and  Mn.Oj.  It  is  also  producedwhen  permanganate  of  potash  is  de- 
composed by  any  organic  substance.  In  these  cases  it  is  precipita- 
ted in  combination  with  one  equivalent  of  water,  Mn.Oj+H.O.,  from 
which  it  may  be  freed  by  a  temperature  below  redness. 

This  peroxide  of  manganese  is  black  ;  exposed  to  heat,  it  abandons 
oxygen,  being  reduced  first  to  the  state  of  sesquioxide,  and  finally 
to  that  of  red  oxide.  It  does  not  unite  with  either  acids  or  alkalies  ; 
but,  when  heated  with  strong  sulphuric  acid,  it  is  decomposed  in  the 
manner  fully  described  under  the  head  of  oxygen,  in  page  244.  Its 
use  in  the  preparation  of  chlorine  has  beea  also  noticed,  page  301. 
An  important  object  to  which  it  is  applied  is  to  peroxidize  the  iron 
contained  in  the  ordinary  materials  used  in  the  manufacture  of  glass. 
Ifthe  iron  were  as  protoxide,  it  would  colour  the  glass  green  ;  but  the 
red  oxide  produces  only  a  very  faint  yellowish  tinge  ;  and  as  the 
protoxide  of  manganese  is  itself  destitute  of  colouring  power,  by  the 
action  of  Mn-Oj  on  2Fe.O.  there  are  formed  Mn.O.  and  FeA.  two 
subetances  which  have  no  injurious  effect  upon  the  glass ;  if,  how- 
ever, the  peroxide  of  manganese  be  added  in  excess,  a  purple  colour 
is  produced. 

Of  the  complex  oxides,  the  red  oxide  is  alone  of  interest.     It  is 
the  most  stable  of  the  comoounds  of  mansaiiese  ;  and  whenever  the 
quantity  of  this  metal  pres 
analysis,  it  is  always  as  lh( 
.  of  any  salt  of  manganese,  being  precipitated  by  a 
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lie  alkali,  the  precipitate,  cautiously  washed  and  ignited  in  an  open 
crucible,  gives  the  quantity  of  red  oxide  corresponding  to  the  quan- 
tity of  nittoganese  present.  The  varvacite,  the  other  complex  oxide, 
is  a  miaetal  of  rare  occurrence,  and  only  of  interest  as  it  may  be 
mistaken  for  the  peroxide,  to  which  it  is  inferior  in  technical  value. 
The  peroxide  of  manganese  (iJund  in  commerce  is  never  quite  pure ;  and  as  its 
uie  ia  the  arta,  and,  coosequenciy,  its  price,  are,  geaeraJJy  speaking,  due  exclusively 
to  the  quantity  of  oxygen  it  ia  capableof  yielding,  a  ready  mode  of  elfecting  its  anal- 
ysis becomes  of  great  importance.  There  are  two  modes  in  which  this  maybe  ac- 
complished upon  very  simple  principles,  and  in  a  short  t(me,  with  sufficient  accu- 
racy for  all  practical  purposes.  The  lirst  consists  in  converting  oxalic  acid  into 
carbonic  acid,  by  means  of  the  second  atom  of  oxygen  which  the  peroxide  of  man- 
ganese contains ;  for  Mti.Oi  and  CgOj  produce  Mn.O.  and  2(X0i,  For  this  purpose 
100  grains  of  the  manganese  are  to  be  introduceiC  into  a  weighed  Hask,  and  ISO 
grains  of  oxalic  aeid,  dissolved  in  500  grains  of  water,  are  to  be  then  poured  upon 
it ;  to  this  350  grains  of  oil  of  vitriol  are  to  ba  added,  and  tlie  orifice  of  the  flask 
closed  hy  a  cork,  through  which  passes  a  tube  containing  fragments  of  recently-fused 
chloride  of  calcium.  The  weight  of  this  cork  and  tube  are  to  be  included  in  the  tare 
of  the  flask.  On  the  addition  of  the  oil  of  vitriol,  a  brisk  effervescence  takes  place, 
owing  to  the  escape  of  carbonic  acid  gas,  wliich,  passing  over  the  fragments  of 
chloride  of  calcium  in  the  tube,  are  dried,  so  that  the  gsis  alone  passes  ofT  When 
the  action  slackens,  a  gentle  heat  may  be  applied  until  all  tho  oxide  of  manganese 
hasdissotved;  a  small  (iiiantity  of  alight  brownish  sediment,  which  generally  forms, 
is  easily  distinguished  from  tbe  particles  of  black  oside :  as  soon  as  the  action  is 
quite  over,  the  flask  is  sufKired  to  cool,  and  as  it  contains  still  a  quantity  of  carbonic 
acid  gas,  this  is  removed  by  taking  out  the  cork,  and  blowing  air  into  the  flask 
gently  by  a  glass  tube  ;  tlie  cork  is  then  to  be  icplaced,  and  the  flask,  with  its  con- 
tents, weighed.  It  is  found  to  be  lighter  than  it  and  the  materials  together  had 
■'hien,  and  the  loss  is  the  carbonic  acjd.  The  quantity  of  carbonic  acid  formed  is 
thus  found,  and  the  quantity  of  oxygen  it  contained  calculated;  one  fourth  of 
this  had  been  derived  from  the  peroxide  of  manganese  hy  its  conversion  into  pro- 
toxide, which  remains  combined  with  sulphuric  acid  in  the  liquor,  and  Uie  quantity 
of  peroxide  in  the  100  grains  of  the  ore  is  thus  directly  found.  Thus,  taking  as 
an  example  an  actual  determination,  the  flask  and  materials  weighed  altogether 
1876  grains;  ailer  the  action  iiad  terminated  it  weighed  18163  grains;  the  loss 
was,  therefore,  59  6.  This  consisted  of  16  3  of  carbon  and  43S  of  oxygen.  The 
oxygen  derived  from  the  mineral  was,  therefore,  ~=;I0-8,  whicli  represent  6B 
grains  of  pure  peroxide  of  manganese  in  the  100  of  the  substance  used. 
,  The  second  mode  of  analysis  consists  in  treating  a  certain  quantity  of  the  native 
oside  with  an  excess  of  muriatic  acid,  and  passing  the  chlorine  so  evolved  through 
water  in  which  lime  is  diffused ;  chloride  of  lime  is  formed.  A  certain  quantity  of 
protusulpltate  of  iron  (green  copperas)  is  to  be  dissolved  in  water,  and  the  solution 
of  chloride  of  lime  added  thereto,  noril  the  iron  liquor  ceases  to  strike  a  blue  colour 
with  a  drop  of  solution  of  red  prussiate  of  potash;  then  comparing  the  quantity  of 
the  solution  of  chloride  of  lime  required  with  the  quantity  that  was  produced,  the 
total  qnantity  of  chlorine  generated,  and,  hence,  the  total  quantity  of  oxygen  avaUa- 
ble  in  the  mineral,  are  known.  The  theory  of  the  process  ma;  be  still  more  simply 
expressed  by  the  formula!  of  the  bodies  engaged,  as  follows :  Mn.O,  and  2H.C1,, 
acting  together,  produce  Mn.Ci,  and  SH.O.,  while  CI.  is  given  ofl^as  gas;  this  combines 
with  Ca.O.  Whenthe  compound  Ca.O.Cl.  ia  broiight  in  contact  with  3(Fe.O. .  S.O3), 
theoxygenpassing  from  the  lime  to  the  iron,  we  have  Ca.CI.  and  FesO3.2S.Oj  pro- 
duced.  As  long  as  any  protosulpliate  of  iron  exists,  ilie  solution  gives  Prussian 
blue  with  the  red  prussiate  of  potash ;  but  when  all  the  iron  is  changed  to  peroxide, 
the  b!ae  colour  is  no  longer  produced.  The  following  example  of  an  actual  opera- 
tion will  complete  this  explanation.  100  grains  of  commercial  oxide  of  manganese 
were  placed  in  a  flask  with  about  one  ounce  of  strong  spirits  of  salt,  and  the  chlo- 
rine  evolved  was  conducted  by  a  bent  tube  to  the  bottom  of  a  deep  jar  containing 
IdOO  grains  of  water  with  100  grains  of  slacked  lime ;  when  the  oxide  of  manga- 
nese had  been  completely  decomposed  by  the  muriatic  acid,  and  all  evolution  of 
chlorine  had  ceased,  a  quantity  of  the  solution  of  chloride  of  time  was  Ultered  for 
use ;  tills  being  very  strong,  500  grains  of  it  were  diluted  with  1000  of  water.  On 
the  other  hand,  100  of  crystallised  protosulphate  of  iron  were  dissolved  in  1000 
^ains  of  water,  and  the  dilute  solution  of  clitoride  of  lime  added  thereto  by  liroiw 
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from  an  accurately  graduated  tube,  until,  by  tho  test  of  red  prussiate  of  polaali,  ai; 
the  iron  was  peroxidiieil.  It  required  1300  grains  of  the  dilute  solution,  and  henoa 
433  of  the  strong  solution.  Now,  as  100  grains  of  the  mineral  had  given  1600 
grains  of  this  strong  sotutiun,  the  433  grains  corresponded  to  ST  grains  ;  the  avail- 
able oxygen  of  which  was  exactly  equivalent  to  transfer  the  Iron  of  the  protosul~ 
pliate  to  the  state  of  peroxide.  Now  the  100  grains  contain  45*6  of  water,  23-9  of 
acid,  and  35-5of  protoxide  of  iron,  consisting  of  19-7  of  iron  and  68  of  oxygen,  and 
it  requires  one  half  more,  that  is,  3-9,  to  form  peroxide.  The  result  is,  that  in  the 
S7  grains  of  commercial  oxide  of  manganese,  the  available  oxygen  Is  39,  and  tho 
quantity  of  pure  peroxide  consequently  158  grains,  w  58'7  percent.  This  whole 
process,  although,  when  thus  described  in  detail,  it  may  appear  complex,  Is  exceed' 
ingly  simple  in  execution,  and  does  not  occupy  much  time,  in  accuracy,  the  two 
methods  are  about  equal,  giving  results  which  may  be  depended  on  to  one  per  cent. 

A  mode  has  been  recommended,  which  consists  In  simply  adding  the  gicen  sul' 
phate  of  iron  directly  to  the  muriatic  acid  and  oxide  of  manganese  In  the  Bask,  until 
the  salt  is  found  to  be  slightly  in  excess  by  the  filtered  liquor  giving  Prussian  blue 
with  red  prussiate  of  potash  ;  the  quantity  of  green  copperas  added  is  known  by 
having  previously  weighed  out  a  quantity,  and  then  weighing  what  may  remain 
after  the  process  has  been  completed.  If  no  chlorine  could  escape  the  action  of  the 
iron  salt,  this  method  would  be  much  the  shortest  and  simplest  that  could  be  em- 
[doyed ;  but  it  is  exceedingly  difficult  so  to  manage  the  decomposition  as  to  avoid 
its  partial  loss.  On  this  account,  I  look  upon  this  method  as  inferior  in  accuracy, 
and  really  not  much  simpler  of  execution,  than  those  previously  deBcribed. 

The  composition  of  the  commercial  oxide  Is  very  variable,  but  the  general  iimils 
may  be  considered  as  being  between  60  and  70  per  cent,  of  pure  peroxide  in  100, 
Frequently,  the  commercial  substance  contains  sesquioxida,  or  one  of  the  complex 
oxides ;  but  in  all  these  cases,  the  methods  given,  as  they  determine  the  quantity  of 
avaDable  oxygen,  shon'  the  true  value  of  the  specimen,  no  matter  what  the  state  o( 
combination  of  the  metal  may  be. 

Manganic  ^cid.—Mn.O,.  Equivalent  646  or  51-7.  If  peroxide 
of  manganese  be  mixed  with  caustic  potash,  or  carbonate  or  nitrate 
of  potash,  in  a  crucible,  and  ignited  strong-ly,  a  green  fused  mass  is 
obtained,  which  dissolves  in  a  small  quantity  of  ivater  with  a  fine 
grass-gteea  colour.  After  some  time,  pacticularlj'  if  the  solution 
be  diluted,  Jt  gradually  changes  colour,  a  brown  precipitate  separ- 
ates, and  the  liquor  becomes  of  a  splendid  red  colour.  This  sub- 
stance first  got  the  name  of  mineral  chameleon  from  these  changes, 
but  their  production  is  now  known  to  depend  on  the  formation  of 
two  distinct  acids  of  manganese.  The  peroxide  of  manganese  ia 
these  eases  combines  with  another  atom  of  o.fygen  to  form  man- 
ganic acid,  which  unites  with  the  potash.  If  potash,  caustic  or  car- 
bonated, be  used,  the  oxygen  is  derived  from  the  air  ;  if  nitre,  it  sup- 
plies oxygen  ;  but  the  best  source  consists  in  mixing  four  parts  of 
peroxide  of  manganese  in  fine  powder  with  3^  parts  of  chlorate  of 
potash,  and  adding  thereto  five  parts  of  caustic  potash  dissolved  ia 
a  small  quantity  of  water.  This  mixture  is  to  be  evaporated  to  dry- 
ness, powdered,  and  afterward  ignited  in  a  platinum  crucible,  at  a 
low  red  heat  insufficient  for  fusion.  By  digestion  of  this  mass  in 
cold  water,  a  deep  green  solution  is  obtained,  from  which,  by  evap- 
oration in  vacuo,  the  manganate  of  potash  is  obtained  in  crystals. 
The  salts  of  this  acid  are  isomorphous  with  those  of  the  sulphuric 
and  chromic  acids.  They  are  decomposed  very  easily,  particularly 
if  organic  matter  be  present,  and  the  acid  itself  is  hence  incapable 
of  being  exhibited  in  an  isolated  form. 

Permanganic  Acid.— M-OiO-,.  Equivalent  1392  or  111-4.  When  a 
solution  of  manganate  of  potash  is  diluted  with  boiling  water,  a  co- 
pious precipitate  of  hydrated  peroxide  of  manganese  forms,  and  a 


b,  Google 


DETECTION    OF     MANGANESE. IRON,  357 

fine  crimson  solution  of  permanganate  of  potash  is  obtained. 
SMn.Oa  produces  Mn.O,  and  Mn^O,.  By  rapidly  evaporating  tliis 
solution  until  a  pellicle  forms,  an  abundant  crop  of  crystals  of  per- 
manganate of  potash  is  obtained  on  cooling:  these  are  isomorphous 
with  t!ie  perchlorate  of  potash,  and  are  almost  completely  black, 
but  with  a  very  peculiar  bronze  lustre.  The  salts  of  this  acid  are 
very  stable,  and  by  treating  the  permanganate  of  barytes  with  a 
proper  quantity  of  dilute  sulphuric  acid,  a  deep  crimson  solution  of 
permanganic  acid  is  obtained.  This  acid  cannot  be  had  solid,  ac- 
cording to  Mitscherlich,  its  solution  when  heated  to  100°  F.  being 
decomposed  into  peroxide  of  manganese  and  oxygen  gas.  It  is 
very  probable  that  the  solid  substance  described  as  dry  perman- 
ganic acid  by  some  chemists  contained  some  other  matter  combined 
with  it. 

The  formation  of  these  acids  by  the  action  of  sulphuric  acid  on 
peroxide  of  mangi^nese  has  been  already  noticed,  and  the  most 
delicate  test  of  the  presence  of  manganese  in  minerals  consists  in. 
fusing  a  fragment  of  the  substance  with  a  little  carbonate  of  soda 
on  a  slip  of  platina  foil,  by  means  of  the  oxidizing  flame  of  the  bloiv- 
pipi.  '"ho  mass,  on  cooling,  becomes  apple-green,  from  the  forma- 
tion ui  ;.  HiffKuate  of  soda,  if  there  be  the  smallest  trace  of  manga- 
nese in  the  ;;ubstance  used. 

There  h  but  one  sulplmret  of  manganese.  It  is  found  as  a  min- 
eral, and  i'^rraed  also  by  heating  oxide  of  manganese  and  sulphur 
(page  285).  It  is  precipitated  in  a  hydrated  state,  when  a  solution 
of  manganese  is  decomposed  by  hydrosulphuret  of  ammonia.  Its 
colour  is  then  tioah  red.     Its  formula  is  Mn.S. 

The  detection  of  manganese  is  very  simple.  When  in  a  solid 
form,  its  compounds  are  recognised  by  giving  before  the  blowpipe  a 
purple  glass  with  borax,  and  a  green  bead  with  carbonate  of  soda. 
In  solution,  if  the  manganese  be  as  protoxide,  the  solution  is  col- 
ourless, and  yields  with  the  caustic  alkalies  a  white  precipitate  (Mn. 
0.),  rapidly  becoming  brown  (MnjOj)  :  with  the  alkaline  carbonates, 
a  white  precipitate,  Mn.O.  .  C.Oj ;  and  with  hydrosulphuret  of  am- 
monia, n  flesh  red  hydrated  sulphuret.  The  yellow  prussiate  of  pot- 
ash precipitates  the  salts  of  manganese  pure  white,  if  there  he  no 
trace  of  iron  present.  When  the  manganese  is  not  in  the  state  of 
protoxide,  the  solution  is  always  coloured  red  or  green.  These  so- 
lutions are  decolorized  by  sulphurous  acid  and  by  sulphuretted  hy- 
drogen, which  absorbs  oxygen  from  all  the  higher  degrees  of  oxida- 
tion, and  a  colourless  solution  of  protoxide  is  then  obtained,  which 
gives  the  reactions  already  described. 

SECTION  III. 

METALS  OF  THE   THIRD   CLASS. 

Of  Iron. 
This  is  the  most  extensively  distributed,  and  also  the  most  im- 
portant of  the  metals  ;  it  may,  indeed,  be  considered  as  being,  after 
those  elements  necessary  to  the  functions  of  animal  existence,  that 
which  is  most  indispensable  to  man  for  the  wants  of  ordinary  life. 
")n  its  employment  and  applications  is  founded  every  important 
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Btep  which  marks  the  gradual  progress  of  the  human  race  from  bar 
.barism  to  civilization.  The  difficulties  which  its  reduction  from  the 
state  of  ore  present,  the  variety  of  conditions  necessary  for  its  being 
successfully  wrought  into  useful  forms,  and  the  pre-eminent  advan- 
tage it  possesses  over  every  other  metal  for  the  construction  equally 
of  the  simplest  tool  and  the  most  complex  machine,  for  the  imple- 
ments of  war  as  well  as  peace,  alt  combine  to  excite  the  energies 
of  a  people  to  its  acquisition,  whether  by  their  own  labour  or  by 
commerce  ;  and  tbus  impel  them  to  mental  activity  and  civiliKation, 
either  of  native  and  independent  growth,  or  borrowed  from  more 
advanced  neighbours.  As  gold  and  jewels  hence  become  the  type 
of  ignorant  and  barbaric  pomp,  so  iron  may  be  regarded  as  the  great- 
est material  source  of  national  intelligence  and  industry. 

Iron  exists  in  nature  under  a  variety  of  forms  ;  it  is  found  native  ; 
for,  in  addition  to  loose  blocks  of  metallic  iron  found  on  the  surface 
in  various  countries,  and  to  which  a  different  nature  may  be  assigned, 
it  is  found  in  veins,  in  mines,  in  Russia  and  America.  Its  most 
abundant  form  is  that  of  oxide,  either  pure,  forming  the  various 
black  and  magnetic  oxides,  the  hematite,  or  red  oxide,  &c.,  or  com- 
bined with  carbonic  acid,  constituting  the  clay  iron  stone  from  which 
the  iron  of  commerce  is  principally  ej:tracted.  Its  sulphurets  are 
also  found  in  abundance,  and  native  arseniates,  phosphates,  sulphates, 
and  other  salts  have  been  found. 

A  most  remarkable  source  of  iron  is  one  not  truly  terrestrial,  but 
that,  occasionally,  masses  appear  in  our  atmosphere  at  great  heights 
above  the  surface,  and  presenting  all  the  appearances  of  vivid  igni- 
tion and  combustion  ;  they  move  generally  with  great  velocity  ob- 
liquely towards  the  ground,  and  generally,  before  touching,  or  at  the 
moment  of  contact  with  the  surface,  burst  with  an  explosion,  scat- 
tering their  fragments  to  considerable  distances.  These  masses  are 
termed  (Brolitkes  ;  they  consist,  in  general,  of  an  alloy  of  iron,  with 
some  iiickelandchrome,with  traces  of  other  metals,  and  are  generally 
invested  with  a  vitreous  glaze  of  earthy  matter,  which  is  constituted 
of  minerals  (olivine  and  pyroxene)  found  native  in  volcanic  rocks. 
The  only  theory  which  can  explain  the  origin  of  these  meteors  is, 
that  they  are  expelled  violently  from  the  active  volcanoes  which 
telescopic  research  has  proved  to  exist  in  great  numbers  on  the  sur- 
face of  the  moon,  and  that,  passing  beyond  the  limits  of  the  attrac- 
tion of  our  satellite,  they  come  under  the  influence  of  this  earth,  and 
fall  towards  its  surface.  No  such  substances  are  ever  found  pro- 
jected from  terrestrial  volcanoes. 

The  general  principles  of  the  smelting  of  the  clay  iron  stone 
have  been  already  noticed  (p.  334),  both  considering  it  as  a  mere  car- 
bonate of  iron,  and  where  it  contains  clay,  silica,  and  alumina,  so 
as  to  render  lime  necessary  as  a  flux.  It  is,  however,  a  remarkable 
property  of  iron— one  on  which  rests,  perhaps,  its  most  useful  appli- 
cations— that  the  metal  so  obtained  is  not  pure.  The  iron,  when 
reduced,  combines  with  a  quantity  of  carbon,  generally  about  five 
per  cent.,  approximating  to  the  formula  C.-f  4Fe.,  and  forming  cast 
iron,  which  is  easily  fusible,  while  the  pure  metal  is  almost  quite 
infusible.  The  cast  iron  is,  however,  not  by  any  means  a  pure  car- 
■  buret  of  iron  ;  it  contains  small  quantities  of  silicon  and  phosphorus, 
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according  to  the  proportions  of  which  it  varies  in  properties,  so  as 
to  constitute  a  number  of  varieties,  known  in  the  arts  by  their  col- 
our and  texture,  but  of  which  it  would  be  superfluous  to  speak  here. 
When  cast  iron  remains  under  water  for  a  considerable  time,  it  be- 
comes gradually  oxidized, .  magnetic  oxide  of  iron  being  formed, 
and  the  carbon  remaining  under  the  form  of  a  spongy  mass,  pre- 
serving, even  in  minute  details,  the  figure  of  the  original  mass. 

Cast  iron  has  a  great  tendency  to  crystallize  in  becoming  solid, 
and  then  expands  powerfully  ;  hence  its  property  of  filling  up  the 
most  minute  crevices  of  moulds  into  which  it  is  poured  in  the  li- 
quid state,  and  its  multifarious  uses  for  making  castings,  from 
whence  it  derives  its  name. 

Pm-e  or  malleable  iron  is  made  from  cast  iron  by  taking  advantage 
of  the  fact  that,  though  iron  and  carbon  are  both  combustible,  yet 
carbon  is  the  more  so  of  the  two.  Hence,  if  cast  iron  be  melted  in 
a  reverberatory  furnace  (see  p.  333),  and  exposed  to  a  current  of 
air,  the  carbon  is  gradually  burned  out,  the  metal  becomes  less  and 
less  fusible,  and  ultimately  breaks  up  into  an  incoherent  granular 
mass  like  sand ;  by  then  increasing  the  heat,  these  grains  aggluti- 
nate, and  are  worked  op  into  a  ball  about  the  size  of  a  large  loaf, 
which  is  taken  out  of  the  furnace  on  a  shovel,  and  subjected  to 
great  pressure  by  machinery.  The  soft,  pasty  particles  of  malleable 
iron  are  thus  welded  to  each  other,  and  any  portions  of  liquid,  un- 
altered cast  iron  that  might  remain  are  squirted  out,  as  water 
would  be  by  pressure  from  the  pores  of  a  sponge ;  this  lump  of 
malleable  iron  is  then  passed  through  a  succession  of  rollers,  driven 
by  powerful  steam  engines  ;  each  pair  of  rollers  having  a  smaller  in- 
terval than  the  preceding,  the  mass  is  gradually  elongated  into  a 
bar,  and  finally  is  delivered,  at  the  end  farthest  from  the  furnace,  in 
the  form  of  the  soft  bar  iron  of  commerce.  The  heat  evolved  by 
the  enormous  pressure  to  which  the  metal  is  subjected  in  this  pro- 
cess is  so  great,  that  the  bar  remains  soft  enough  to  be  moulded 
by  the  rollers  all  through  its  passage. 

This  process  by  the  reverberatory  furnace  is  termed  pudling,  and 
has  been  very  much  improved  lately  by  burning  out  the  carbon  by 
means  of  a  certain  quantity  of  oxide  of  iron  or  o.\ide  of  manganese. 
Thus,  by  heating  together  two  parts  of  cast  iron  and  one  of  scales 
of  black  oxide  of  iron  from  a  forge,  all  the  carbon  and  oxygen  pass 
off  as  carbonic  acid,  and  the  iron  of  both  remains  pure.  Fe30(  and 
Fe,Ci  produce  Fe„  and  CA. 

The  bar  iron  thus  obtained  differs  remarkably  from  the  cast  iron 
in  all  characters :  it  is  soft,  flexible,  ductile,  and  malleable,  none  of 
which  properties  cast  iron  possesses.  It  fuses  only  at  the  very 
highest  temperatures,  and  then  becomes  only  semifluid.  It  is,  con- 
sequently, quite  impossible  to  run  it  into  moulds.  It  possesses, 
however,  the  important  character  of  welding  at  a  white  heat ;  that 
is  to  say,  it  assumes  a  doughy  consistence,  so  that  several  pieces 
of  it,  laid  together,  may  be  kneaded  into  one  by  blows  of  a  hammer 
or  by  pressure  between  rollers,  so  as  to  form  a  single  mass,  the 
points  of  junction  being  totally  undistinguishuble.  It  is  thus  that 
Boft  iron  is  always  worked  at  a  white  heat.  Its  strength  is  much 
increased  by  several  pieces  being  thus  welded  together,  and  tence 
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all  parts  which  require  to  possess  peculiar  tenacity,  such  as  nnchors, 
&c.,  are  always  made,  not  in  a  single  piece,  but  by  thus  welding  to 
gether  a  hnndle  of  small  hars. 

A  third  and  equally  important  form  in  which  iron  exists  in  the 
arts,  is  that  of  steel.  Steel  is  intermediate  to  cast  iron  and  bar  iron 
in  constitution,  containing  generally  about  1-5  per  cent,  of  carbon. 
Steel  may  be  formed  directly  from  the  ore  or  from  cast  iron  by  pro- 
portioning the  action  of  the  fuel  and  of  the  air  in  the  furnaces  so  as 
to  leave  combined  with  the  iron  as  much  carbon  as  constitutes  steel. 
But  the  most  important  and  curious  mode  of  making  steel  is  by  what 
is  termed  cementation.  Bars  of  iron  are  laid  in  boxes,  imbedded  in 
powdered  charcoal,  and  exposed  for  some  hours  to  a  full  red  heat ; 
the  carbon  gradually  penetrates  through  the  whole  substance  of  the 
iron,  changing  it  into  a  bar  of  steel  of  pretty  uniform  structure. 
The  bar  becomes  frequently  blistered  from  gas  hubbies  forming  in 
its  substance.  This  process  can  be  effected  even  though  the  car- 
bon may  not  directly  touch  the  iron,  provided  oxygen  be  present; 
carbonic  oxide  being  formed,  which  is  decomposed  by  the  iron,  half 
the  carbon  being  absorbed,  and  carbonic  acid  given  off  It  is  the  es- 
cape of  this  last  gas  under  the  form  of  bubbles  that  produces  the 
blistering  of  steel.  The  decomposition  of  the  carbonic  oxide  takes 
place  at  the  surface  of  the  bar  in  great  part,  but  the  carbon  is  trans- 
ferred from  particle  lo  particle  of  the  iron  until  the  entire  mass  as- 
Gumes  the  same  constitution.  Steel  is  harder  and  more  fusible  than 
pure  iron,  but  its  peculiar  hardness  is  given  to  it  only  when  it  has 
been  heated  to  redness  and  suddenly  coded  ;  it  is  then  exceedingly 
brittle,  hard,  and  elastic,  and  is  thus  htted  for  its  extensive  use  in 
cutting  instruments,  pivots,  files,  &c.  The  steel,  when  it  has  cooled 
slowly,  is  so  soft  that  it  is  easily  engraved  upon,  cut,  and  may  be 
welded  with  soft  iron;  the  instrument  being  so  constructed,  it  is 
heated  to  redness  and  suddenly  cooled;  it  is  thus  hardened,  but  is 
still  unfit  for  being  employed  until  it  is  tempered  to  the  particular 
use  for  which  it  is  destined  by  being  healed  in  oil  to  a  certain  de- 
gree, and  then  allowed  to  cool  slowly.  By  this  means  the  excess 
of  hardness  is  got  rid  of,  and  the  stee!  remains  of  the  quality  re- 

The  peculiar  property  of  iron  and  steel  of  becoming  magnetic, 
has  been  described  in  page  143.  Wot  only  is  iron  in  the  pure 
state,  and  when  combined  with  carbon,  attracted  by  tiie  magnet, 
but  several  of  its  oxides  and  sulphiirets  possess  the  same  charac- 
ter ;  of  these,  one  constitutes,  indeed,  the  natural  magnet,  the  native 
loadstone. 

Pure  iron  is  bluish  white,  exceedingly  brilliant,  very  malleable 
and  ductile  ;  it  is  the  strongest  of  all  the  metals.  lis  specific  grav- 
ity is  7-8.  It  becomes  pasty  when  intensely  heated,  whence  its  re- 
markable power  of  welding,  which  belongs,  besides,  to  platinum  and 
sodium, 

AVhen  iron  in  mass  is  exposed  to  dry  air,  it  does  not  become  ox. 
idized;  but  when  in  a  state  of  very  minute  division,  it  takes  fire 
when  gently  warmed,  and  burns,  forming  peroxide  of  iron;  when 
Bfrongly  heated  in  oxygen  gas,  as  by  attaching  a  little  sulphur  or  a 
bit  oftaper  wick  to  a  wire,  and  plunging  it  into  a  vessel  of  oxygen. 


by  Google 


PASSIVE     CONDITION     OF     IRON.  3G1 

It  burns  with  exceeding  brilliancy,  and  forms  globules  of  blaclt  ox- 
ide of  iron,  FojO^.  The  true  product  of  the  combustion  is  peroxide, 
FejOj,  but  this  loses  one  ninth  of  its  oxygen  by  the  intense  tempera- 
ture, and  forms  the  black  magnetic  oxide.  It  is  hence  that,  when 
iron  is  burned  in  oxygen  gas,  the  oxide,  which  is  thrown  off  in  mi- 
nute grains,  collects  on  the  inside  of  the  jar  as  peroxide,  but  the  lar- 
ger globules,  which  are  intensely  healed  for  some  time  before  they 
melt  off  the  wire,  are  reduced  to  the  state  of  black  oxide.  It  is  not 
quite  certain  whether  iron  decomposes  water  in  the  absence  of  aa 
acid,  bat  the  presence  of  a  small  quantity  even  of  carbonic  acid  pro- 
duces decided  action,  and  hence  the  rapid  corrosion  of  iron  in  damp 
air,  forming  carbonate  of  iron  (rust).  In  dilute  sulphuric  acid  iron 
dissolves  with  great  rapidity,  evolving  hydrogen,  which,  however, 
is  very  impure,  for  even  the  softest  iron  contains  traces  of  carbon, 
which  combines  with  some  of  the  hydrogen,  forming  compounds, 
which  give  the  gas  a  peculiar  odour,  and  colour  its  flame  yeliow 
At  a  red  heat  water  is  decomposed  rapidly  by  iron,  as  fullydescri- 
bed  in  p.  -M^Q.  If  iron  be  immersed  in  water  holding  potash,  lime, 
or  soda  in  solution,  or  if  the  iron  be  covered  up  in  quicklime,  all 
rusting  is  prevented,  probably  from  any  carbonic  acid  present  being 
totally  taken  up  by  the  base. 

A  remarkable  property  of  icon,  though  not  absolutely  peculiar  to 
it  alone,  is,  Chat  when  placed  in  contact  with  the  hydrated  nitric  acid, 
sp.  gr.  1'35,  it  may  remain  unacted  on,  becoming  yiaswW;  although, 
under  ordinary  circumstances,  it  is  rapidly  dissolved  by  that  acid 
with  evolution  of  nitric  oxide.  This  passive  condition  may  he  pro- 
duced ill  many  ivays.  1st,  If  one  end  of  a  long  iron  wire  be  igni- 
ted, and  then,  when  coo],  the  wire  be  immersed  in  the  acid,  the  ig- 
nited end  being  dipped  first,  it  remains  unaltered.  .2d.  If  a  piece 
of  platina  wire  he  fastened  to  a  piece  of  iron  wire,  and  then  immer- 
sed in  the  acid,  the  platina  first.  3d.  By  placing  a  platina  wire  in 
the  acid,  then  immersing  an  iron  wire  in  contact  with  it,  the  platina 
wire  may  be  withdrawn,  and  the  iron  wire  remain  passive.  4th.  By 
making  the  iron  wire  the  positive  pole  of  a  galvanic  battery.  5th. 
By  contact  with  a  wire  already  passive ;  thus,  an  iron  wire  being 
immersed  in  the  acid,  asin  No.  3,  another  wire  may  be  put  in  con- 
tact with  it,  and  the  first  then  withdrawn,  and  so  on  for  an  unlimited 
succession  of  wires.  These  are  not  the  only  methods,  but  merely 
the  most  remarkable. 

The  properties  of  iron  thus  rendered  passive  are  curious.  It  ap- 
pears to  have  lost  all  tendency  to  unite  with  oxygen ;  it  does  not 
dissolve  in  acids  ;  it  does  not  precipitate  copper  from  its  solutions ; 
and  when  used  as  a  positive  electrode  for  a  voltaic  battery,  oxygen 
is  evolved  from  it  precisely  as  if  the  electrode  had  been  pSatintim. 
We  do  not  as  yet  know  the  true  theory  of  these  effects.  The  most 
available  explanation  is,  that  the  iron,  by  an  alteration  of  molecular 
structure,  assumes  a  condition  by  which  it  becomes  similar  in  its 
eloctrica!  relations  to  the  noble  metals.  It  is  possible  that  this 
property  may  be  connected  with  the  equivalency  of  two  equivalents 
of  tno  iron  and  manganese  group  of  motals  to  one  of  chlorine,  and 
that  when,  by  a  change  of  molecular  arrangement,  like  isomerism. 
Z  z 
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the  particle  becomes  Fe^  in  place  of  Fe.,  if  is  incapable  of  acting  as 
the  positive  element  in  galvanic  ffr  chemical  combinations. 

The  equivalent  of  iron  ia  not  so  accurately  known  as  those  of 
metals  much  less  important  and  leas  common.  The  best  determi- 
nations make  it  about  339  upon  the  oxygen,  and  27'2  upon  llie  hy- 
drogen scale.     Ita  evmbol  is  Fe.,  from  its  Latin  name. 

Oxides  of  Iron. — Iron  combines  with  oxygen  in  two  proportions, 
forming  a  protoxide  and  asesquioxide,  and  these,  again,  unite  to  form 
complex  oxides,  the  black  or  magnetic  oxides  of  iron. 

Protoxide  of  Iron.— Fe.O.  Equivalent  439  or  35-2.  This  oxide 
cannot  be  obtained  pure  in  a  dry  state,  from  the  rapidity  with  which 
it  absorbs  oxygen.  It  exists  as  the  basis  of  a  very  extensive  class 
of  salts,  the  green  or  proto salts  of  iron.  From  their  solutions,  it  ia 
precipitated  by  an  alkali  as  a  white  hydrate,  which,  rapidly  becomes 
green,  and  finally  brown-red,  from  absorption  of  oxygen.  If  we  at- 
tempt to  form  the  protoxide  by  processes  similar  to,  those  described 
for  obtaining  protoxide  of  manganese,  the  iron  is  reditcpd  either  to 
black  oxide  or  to  the  metallic  state.  This  oxide  exists  native,  com- 
bined with  carbonic  acid,  in  the  common  carbonate  of  iron,  and  is  tiie 
form  ia  which  the  metal  exists,  dissolved  in  all  chalybeate  springs. 

Peroxide  of  Iron.— Fe  A.  Equivalent  978  or  784.  This  substance 
exists  in  very  great  abundance  in  nature,  crystallized  in  rhombohe- 
drons,  being  isomorpbous  with  the  crystallized  alumina,  corundum. 
This,  the  ologist  iron,  constitutes  the  celebrated  Elba  iron  ore.  It 
forms,  in  a  more  or  less  hydrated  condition,  the  hematite,  of  various 
shades  of  red  and  brown,  from  which  a  great  deal  of  the  best  iron 
and  stee!  is  made.  It  exists  in  a  variety  of  minerals,  and  forms  the 
red  or  yellow  colouring  matter  of  clay  and  of  the  different  kinds  of 
ochres.  I  have  noticed  that  when  iron  is  burned  in  a  full  supply  of 
oxygen,  this  red  oxide  is  formed,  and  it  is  produced  also  when  iron 
rusts,  for  the  protocatbonate  which  first  forms  is  gradually  decom- 
posed, abandoning  its  acid,  and  absorbing  oxygen.  It  is  thus  that 
the  margins  of  chalybeate  springs  become  coated  with  an  ochrey 
deposite  ;  the  carbonate  of  iron  originally  dissolved  being  gradually 
converted  into  red  oxide,  while  the  carbonic  acid  passes  off. 

The  peroxide  of  iron  maybe  artificially  prepared  by  precipitating 
a  solution  of  any  of  its  salts  with  an  alkali  caustic  or  carbonated. 
In  the  latter  case,  the  carbonic  acid  is  given  off,  as  the  peroxide  of 
iron  does  not  combine  with  it.  The  hydrated  peroxide  which  is 
precipitated  is  of  a  light  reddish-brown  colour,  but  when  dried  it 
becomes  dark  brown.  Strongly  ignited,  it  becomes  nearly  black; 
and,  indeed,  by  an  intense  heat  it  loses  some  of  its  oxygen,  3[FejOj) 
giving  2(Fe30,),  and  0.  escaping,  being  decomposed  just  as  the  ses- 
quioxide  of  manganese,  but  requiring  much  greater  heat.  The  per- 
oxide of  iron  combines  with  acids  to  form  salts,  which  are  all  acid, 
and  easily  decomposed.  They  will  be  described  hereafter.  Its 
chemical  combinations  feserable  those  of  alumina  and  sesquioxide 
of  manganese,  with  which  they  are  isoinorphous. 

When  a  solution  of  a  proiosalt  of  iron  is  exposed  to  the  air,  it 
grndually  absorbs  oxygen  until  two  thirds  of  the  iron  become  per- 
oxidized,  and  then  the  decomposition  ceases.  The  liquor  then  con- 
tains a  compound  oxide,  Fe.O.  +  FeiO;,  and  on  the  addition  of  a  caus- 
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tic  Sikali  this  is  precipitated  as  ablack  powder,  whicli,  when  dry,  ia 
powerfully  attracted  by  the  magnet.  This  is  the  artificial  magnoiic 
oxide  of  iron.  It  may  be  prepared  at  will  by  ta.£ing  three  equal 
portions  of  protosulphate  of  iron,  and  perosiUizing  two  of  them  by 
means  of  a  little  boiling  nitric  acid,  then  mixing  the  solutions,  and 
precipitating  the  whole  by  water  of  caustic  ammonia.  The  precip- 
itate is  a  hydrate,  but  may  be  deprived  of  the  water  without  altera- 

This  magnetic  oxide  of  iron  exists  native  in  great  abundance ;  it 
constitutes  the  common  loadstone,  and  is  that  produced  when  iron 
is  oxidized  at  high  temperatures.  It  thus  constitutes  the  scales  of 
iron  whicli  form  in  smithies  and  forges  during  the  successive  heat- 
ings and  hammerings  to  which  the  metal  is  subjected.  These  scalea 
of  iron  are,  however,  not  uniform  in  constitution,  and  are  hence  in- 
ferior as  a  steady  medicinal  agent  to  the  oxide  artificially  prepared 
by  precipitation. 

Sulphurels  of  Iron. — Sulphur  combines  with  iron  in  three  propor- 
tions, forming  the  prolosulphuret,  tlie  seaquiaulphuret,  and  the  bi- 
sulphuret.  These  again  combine,  so  as  to  produce  complex  (mag- 
netic) sulphurets.     Other  degrees  (subsulphurets)  are  problematical. 

Protosulphunt  oflron.—Fe.S.  Equivalent  ^iO-i  or  4.3-3.  The  af- 
finity of  iron  for  sulphur  is  very  remarkable.  If  a  rod  of  iron  be 
heated  to  whiteness,  and  then  touched  to  a  stick  of  sulphur,  they 
combine  with  energy,  and  the  sulphuret  of  iron  flows  down  in  copi- 
ous drops.  If  vapour  of  sulphur  he  made  to  gush  from  a  jet,  and 
an  iron  wire  heated  to  bright  redness  be  placed  in  it,  it  takes  fire, 
and  burns  with  scintillations  as  brilliantly  as  if  it  had  been  immersed 
in  oxygen  gas.  In  these  cases,  where  the  iron  is  in  excess,  the  pro- 
losulphuret is  formed.  It  is  most  conveniently  prepared  by  heating 
together  to  bright  redness,  in  a  crucible,  three  parts  of  iron  filings 
or  turnings,  and  two  of  sulphur ;  at  a  high  temperature  the  resulting 
mass  may  be  fHsed,  This  compound  is  black,  its  fracture  yellowish. 
It  dissolves  in  dilute  acids,  evolving  sulphuret  of  hydrogen,  and  form- 
ing a  salt  of  protoxid&.of  iron.  This  is  almost  its  only  use  in  the 
laboratory.  The  manner  of  obtaining  sulphuret  of  hydrogen  from 
it  has  been  described  in  page  292.  Thisprotosulphuret  ofiron  ex- 
ists sometimes,  though  rarely,  in  nature,  and  is  dangerous,  particu- 
larly in  coal  mines,  from  the  avidity  with  which,  when  moist,  it  ab- 
sorbs oxygen,  forming  protosulphate  of  iron,  Fe.S.  and  40.  giving 
Fe.O.  .  S.O3;  during  which  process  it  occasionally  becomes  so  heat- 
ed as  to  set  fire  to  the  beds  of  coal  near  it,  and  thus  cause  consid- 
erable loss. 

This  sulphuret  may  be  prepared  in  the  moist  way  by  adding  hy- 
drosulphuret  of  ammonia  to  a  protffealt  of  iron.  Thus  Fe.Cl.  and 
S.H.+N.H,  produce  Fe.S.  and  CI.H.+N.H3.  It  is  a  jet  black  pow- 
der, which  dissolves  readily  in  acids,  and  when  exposed  moist  to 
the  air,  rapidly  absorbs  oxygen,  forming  green  copperas. 

Sesquisulpkuret  of  Iron.— fe  A-  Equivalent  1282  or  102'7.  This 
compound,  which  corresponds  to  the  peroxide,  is  Tery  instable  In 
constitution.  It  may  be  prepared  in  the  nioist  way  by  adding  to  a 
persalt  of  iron  in  solution,  hydrosulphuret  of  ammonia.  A  black 
precipitate  forms,  which  may  be  dried  in  vacuo.     It  may  be  also 
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produced  by  heating  peroxide  of  iron  in  a  current  of  suJphii tutted 
hydrogen  gas,  water  being  formed.  It  is  not  attrftcted  by  the  mag- 
net. It  dissolves  in  acids,  butone  third  of  the  sulphur  is  precipita- 
ted, two  thirds  only  combining  with  hydrogen,  and  the  iron  existing 
in  solution  as  a  protosalt.  Thus  Fe^S,  and  2H.C1.  give  2(Fe.Ci.) 
and  2H.S.  with  deposition  of  S.  This  arises  from  the  circumstance 
that  peroxide  of  iron  is  reduced  by  sulphuretted  hydrogen  to  pro- 
tojiide,  water  being  formed,  and  sulphur  set  free. 

Bisnlpkunt  oflron.  —  Fe.S^.  Equivalent  741-5  or  59'4.  This 
suhstitnce  is  met  with  in  very  large  quantity  in  nature,  constituting 
the  iron  pyrites  used  in  the  manufacture  of  sulphuric  acid  and  of 
copperas.  It  is  dimorphous  (pages  229-232),  and  in  its  two  forms 
possesses  very  different  properties.  It  may  be  prepared  artificially 
by  heating  together  the  protosulphiiret  in  a  state  of  minute  division, 
with  half  its  weight  of  sulphur.  When  the  excess  of  sulphur  has 
been  distilled  off,  there  remains  a  voluminous  yellow  powder,  not 
acted  on  by  the  magnet,  and  insoluble  in  acids,  which  is  the  bisul- 
phuret  of  iron.  This  bisulphuret  of  iron  is  found  in  a  variety  of 
forms,  which  belong  properly  to  the  different  kinds  of  native  oxides 
of  iron,  which  being  probably  acted  on  by  vapour  of  sulphur  from 
volcanic  sources,  have  lost  their  oxygen,  and,  without  being  melted, 
have  changed  into  bisulphuret.  It  is  also  found  simulating  the  ^g- 
ures  of  a  variety  of  organic  remains,  ,is  nautili,  &c.,  where,  proba- 
bly, the  animal  having  perished  in  water  holding  traces  of  sulphate 
of  iron  in  solution,  the  hydrogen  compounds  evolved  by  its  decom- 
position have  reacted  on  the  sulphate  of  iron,  abstracting  its  oxygen 
and  producing  a  deposite  of  pyrites. 

Magnetic  SuJphurets  of  Iron. — Of  these  the  most  remarltable  is  that 
which  corresponds  to  the  magnetic  oxide,  having  the  formula  Fea 
Oj^Fe.S.+FcsSj.  It  is  found  native  at  Barege,  and  may  be  formed 
by  exposing  to  a  red  heat,  in  close  vessels,  the  bisulphuret  or  sesqui- 
sulphuret:  the  pyrites  3(Fe.S,)  producing  FejSj  and  S,,  precisely 
as  peroxide  of  manganese  3(Mn  OJ  produces  O^  and  MnjO,,.  If, 
however,  the  heat  be  raised  too  high,  more  sulphur  is  expelled,  and 
another  kind  of  magnetic  sulphuret,  Fe,Sa— 5Fe.S.-f  FejSa,  formed, 
which  is  also  found  native,  and  which  corresponds  to  the  black 
scales  of  oxide  of  irttn,  which  are  SFe-O.+FejOj.  This  compound 
is  always  formed  in  making  the  protosulphuret,  if  there  be  an  excess 
of  sulphur  above  the  proper  proportion  used. 

The  seleniuret  and  phosphurets  of  iron  resemble  very  closely  the 
sulphurets.  Phosphuret  of  iron  exists  generally  in  cast  iron  in  small 
quantity. 

The  detection  of  iron  is  very  simple.  It  may  exist  in  solution  in 
the  state  either  of  protoxide,  black  oxid^,  or  peroxide;  and  as  the 
application  of  reagents  becomes  much  simpler  in  the  last  case,  it  is 
best,  when  the  object  is  only  to  ascertain  the  presence  or  absence 
of  iron,  to  boil  the  solution  with  a  few  drops  of  nitric  acid,  by  which 
any  iron  that  may  be  present  is  peroxidized. 

A  solution  containing  peroxide  of  iron  produces  with  water  of 
ammonia  a  reddish-brown  precipitate  of  hydrated  peroxide  ;  with 
yellow  prussiate  of  potash,  a  fine  Prussian  blue  ;  with  sulphocyan- 
ide  of  potassium,  a  deep  blood-ied  colour,  but  no  precipitate ;  with 
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n  solution  of  tannin  or  tinr:tiire  of  galls,  a  deep  violet  or  black. 
Wilh  sulpliuret  of  hydrogen  there  is  no  effect  except  the  separation 
of  a  deposite  of  pure  sulphiir,  but  with  hydrosulphuret  of  ammonia 
a  black  precipitate  of  sesquisulphuret  of  iron. 

If  the  solution  contain  the  iron  only  as  protoxide,  ammonia  pro 
duces  a  precipitate,  at  first  whitish,  but  rapidly  becoming  bluish- 
green.  The  yellow  prussiate  of  potash,  a  precipitate,  at  first  white, 
but  rapidly  becoming  blue.  The  sutphocyanide  of  potassium,  tb* 
tannin,  and  the  sulphuret  of  hydrogen  are  without  effect,  but  the  hy- 
drosulphuret of  ammonia  forms  the  black  protosulphuret.  The  char- 
acteristic reagent  for  protoxide  of  iron  is  the  red  prussiate  of  pot- 
ash, which  gives  Prussian  blue,  but  does  not  act  upon  the  solution 
of  peroxide. 

If  the  solution  contain  at  the  same  time  both  oxides,  the  precipi- 
tate by  ammonia  is,  from  the  commencement,  green  or  black,  and 
all  the  other  reagents  concur  in  the  demonstration  of  the  presence 
of  the  two  states  of  oxidation  of  the  metal. 
Of  Mckel. 

An  ore  which,  from  its  external  characters,  was  supposed  by  the 
German  miners  to  contain  copper,  but  resisted  all  endeavours  to 
extract  that  metal  from  it,  received  the  name  of  kvpfer-nickd,  or  de- 
ceitful copper.  Subsequently  it  was  found  to  consist  of  a  peculiar 
metal  united  to  arsenic,  and  this  metal  retained  the  name  nickel,  its 
meaning  being  forgotten  or  lost  sight  of.  A  substance  found  in 
commerce,  termed  speiss,  a  residue  from  the  manufacture  of  smalts, 
is  also  an  arseniuret  of  nickel,  and  from  either  of  these  sources  the 
metal  is  generally  extracted. 

The  mass  containing  nickel  and  arsenic  la  dissolved  by  a  mixture  of  nitric  acid 
and  sulphuric  acid,  diluted  with  water.  By  this  means  the  nickel  is  convprted  iiito 
sulphate  of  its  oxide,  and  the  arsenic  into  arsenioos  acid.  On  concentrating  the  li- 
quor, most  uf  the  latter  is  got  rid  of  l>y  crystallization.  Carbonate  of  potash  is  then 
10  be  added  to  the  liquor,  until  the  green  precipitate  which  first  forms  ceases  to  be 
redisBolved.  On  tiien  evaporating  and  cooling,  a  double  suipliate  of  nickel  and  pot- 
ash is  obtained,  which,  by  two  or  three  renrystallizations,  is  freed  from  all  traces 
of  arsenic.  This  double  salt  may,  however,  be  contaminated  by  iron  and  copper ; 
from  the  first  it  is  separated  by  sulphuretted  hydrogen,  and  from  the  last  by  the 
Bolubilily  of  the  oxide  of  nickel  in  water  of  ammonia.  Frpra  the  ammoniaeal  so- 
lution, the  oxide  of  nickel  may  be  precipitated  by  oxalic  acid,  as  an  insoluble  ox- 
alate, which,  when  dried  and  healed,  gives  off  carbonic  acid,  and  leaves  metallio 
nickel,  Ni.O.+CEOj,  producing  SC.Oj  and  Ni.  The  metallic  nickel  is  then  in  tho 
form  of  a  very  light  sponge. 

It  is  somewhat  more  fusible  than  cast  iron ;  of  a  silvery  white 
colour.  It  does  not  rust  when  exposed  even  to  damp  air.  Its  ap. 
gr.  is  about  8-9.  It  is  nearly  as  magnetic  as  iron,  and  retains  its  mag- 
netism, resembling  in  that  respect  steel  rather  than  pure  iron.  In 
its  permanency  of  lustre,  nickel  resembles  the  precious  metals,  and 
its  alloys  are  of  singular  brilliancy  and  whiteness.  It  is  hence  that, 
added  to  brass  in  the  proportion  of  one  to  five,  it  is  employed  as  a 
substitute  for  silver,  constituting  the  German  silver,  nickel  silver, 
argentine,  and  British  plate  of  commerce,  as  well  as,  the  packfoiig 
long  used  in  China. 

The  symbol  of  nickel  is  Ni. ;  its  equivalent  369-7  or  29-6. 

Oxides  of  JVkkel. — This  metal  combines  with  oxygen  in  tivo  pro- 
portions, fotmiiig  a  protoxide  and  a  sesq;:ioxide. 
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Tiie  protoxidc.ti'i.O.tia  prepared  by  precipitating  a  salt  of  nickel  by  causJic  polasli; 
agrasa-greenhydrated  oxide  of  nickel  separates,  Ni.O.+H.O.,  which,  wlieo  dry, gives 
tlie  pure  asli-gray  oxide.  Thia  is  tlie  only  oxide  of  nickel  whicli  forms  salts.  It  is 
not,  by  itself,  soluble  in  water  of  ammonia ;  but  if  a  salt  of  nickel  be  decomposed 
by  amaionia,  the  precipitate  which  first  forms  is  dissolved  on  adding  an  excess  of 
tlie  alkali,  forming  a.  blue  solution,  in  a  great  degree  cbaracteristic  of  this  metol. 

The  Peroxide  of  Nickel,  NtiOg,  is  a  black  powder,  prepared  by  boiling  the  pro- 
toxide in  a  solution  of  ebloxide  of  iime ;  the  oxygen  of  Uie  lime  changes  the  pro- 
toside  into  peroxide,  8Ni.O.  and  Ca.O.Cl.  producing  Nij .  0,  and  Ca.Cl.  When  igni- 
ted, this  oxide  gives  oxygen  ami  protoxide  \  vith  muriatic  acid  it  forms  protochloride 
and  chlorine.     It  does  not  form  any  true  salts. 

Nickel  is  easily  recognised  by  its  solutions  giving  witli  ammonia 
a  green  precipitate,  wliicK  dissolves  in  an  excess,  forming  a  blue 
solution,  and  by  giving  with  yellow  prnssiate  of  potash  a  white 
precipitate.  The  solutions  of  nickel  ace  not  precipitated  by  sul- 
phuretted hydrogen,  but  give  a  black  sulphiiret  of  nickel  with  hy- 
drosulphuret  of  ammonia. 

The  sulphucet,  seleniuret,  andphosphuret  of  nickel  do  not  present 
any  point  of  interest. 

Of  Cobalt. 

The  name  of  this  mclal  has  its  origin  in  a  still  more  singular  cir 
cumstancc  than  that  of  the  preceding;  from  the  bright  metallic  ap- 
pearance of  its  ores,  the  miners  of  the  Middle  Ages  were  led  to  ex- 
pect an  abundant  produce,  but  the  modes  of  reduction  then  in  use 
were  employed  without  avail  j  it  was  hence  imagined  that  these 
ores  were  especially  protected  by  the  guardian  spirits  of  the  mines, 
or  Kobolds,  and  these  minerals  were  termed  Bie  Kobold's  firze,  the 
KoboliTs  ores.  At  a  later  period  a  peculiar  metal  yias  extracted  from 
them,  and  as  the  older  name  had  been  corrupted  into  kobalt  ore,  the 
metal  was  called  cobalt. 

Cobalt  exists  in  "nature,  combined  with  a 
it  is  universally  associated  with  nickel,  whii 
in  its  properties  that  the  perfect  separation  of  these  two  metals  is 
onfl  of  the  most  difficult  operations  in  analysis. 

To  obtain  the  cobalt,  the  native  arseniuret  is  roasted  in  a  current  of  air,  so  aa  la 
oxidize  both  metals,  as  described,  p.  3S4.  The  residual  impure  oxide  of  cobalt  in 
Guld  in  commerce  under  the  name  of  Za^re.  This  zalfre  is  dissolved  in  muriatic 
acid,  aad  treated  with  sulphuretted  hydrogen,  by  which  tlie  copper  and  arsenic  are 
separated.  From  the  filtered  liquor,  the  cobalt  is  thrown  down  by  carbonate  of 
potash,  and  then,  to  free  it  from  oxide,  of  iron,  it  is  digested  with  oxalic  acid,  which 
dissolves  the  peroxide  of  iron,  and  leaves  an  insoluble  oxalate  of  cobalt ;  this  may 
still  be  contaminated  with  nickel,  but  fur  the  details  of  the  separation  of  these  met- 
als, I  must  refer  to  more  extended  works. 

The  oxalate  of  cobalt,  when  ignited,  yields  carbonic  acid  and 
metallic  cobalt  in  a  spongy  form.  Cobalt  melts  into  a  button  more 
easily  than  cast  iron  ;  it  is  reddish-gray  ;  specific  gravity  8'5  j  when 
perfectly  pure,  it  is  not  susceptible  of  becoming  magnetic.  It  acts 
upon  water  and  acids  more  rapidly  than  nickel,  but  much  less  ac 
tively  than  iron  or  zinc.  The  symbol  of  cobalt  is  Co.,  and  its  equiv 
alent  369  or  29-6. 

Oxides  of  Cobalt. — Cobalt  combines  with  oxygen  to  form  two  well 
defined  oxides,  a  protoxide  and  sesqoioxide ;  there  are  also  a  com- 
plex oxide,  and  a  compound  of  which  the  constitution  is  not  well 
known,  but  which  is  probably  a  deutoxide. 

I'roioxide  0/  Cobalt,  Co.O.,  is  prepared  by  adding  caustic  potash  to  a  solution  of  a 
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salt  of  cohalt ;  a  fine  hlue  powder  falls,  which  is  a  hydrate,  Co.O.  .  II.O.  ;  when  de- 
prived of  its  water,  it  becomes  ash-pray :  it  is  the  only  oxide  of  cobalt  wliioh  Ibrms 
salts  with  acids. 

Sesquioxide  of  Cobalt,  CoiOs.is  prepared  as  the  sesquioxideof  nickel;  it  is  a  black 
powder,  which,  with  hydrochlovic  acid,  gives  chlorine  and  protoehloridc ;  it  does 
nut  Corm  salts. 

The  complex  oxide  is  CosOi^Co.O.+CojOj,  similar  to  the  magnetic  oside  of 
iron  and  red  oiide  of  manganese. 

Cobalt  is  recognised  in  solution  by  producing  with  water  of  iim- 
monia  a  blue  precipitate,  which  redissolves  in  an  excess  of  the  al- 
kali, forming  a  liquor  which  is  of  a  fine  rose  colour  if  the  cobalt 
be  pure,  but  brownish  red  if  nickel  be  present ;  it  is  not  precipitated 
by  sulphuretted  hydrogen,  but  is  thrown  down  black  by  hydrosul- 
phuret  of  ammonia.  The  most  remarkable  test  for  cobalt  is  its 
power  of  colouring  glass  blue.  The  most  minute  trace  of  this  metal 
may  be  thus  recognised  before  the  blowpipe.  It  is,  indeed,  on  this 
character  that  is  founded  the  most  important  uses  of  cobalt  in  the 
arts;  glass  coloured  deep  blue  by  cobalt,  and  ground  to  an  impal- 
pable powder,  constitutes  the  smalts  used  to  give  to  writing  paper 
and  to  tinen  a  delicate  siiade  of  blue.  The  blue  colours  upon  por- 
celain and  delft  are  also  produced  by  cobalt;  when  speaking  of 
magnesia  (p.  349)  and  alumina  (p.  351),  I  have  noticed  the  assistance 
given  by  cobalt  in  the  detection  of  these  earths  before  the  blowpipe  ; 
alnmina,  coloured  strongly  blue  by  cobalt,  is  used  in  commerce  as 
a  pigment,  cobalt  blue,  in  place  of  ultramarine. 

The  blue  colours  of  cobalt  are  spoiled  ifbrought  into  contact  with  ehiorine  or  oi- 
ygen,  the  black  sesquioxide  of  cubalt  being  formed.  If  paper  be  blned  by  smaita 
without  the  bleaching  liquor  haying  been  well  washed  out  of  tlie  pulp,  it  is  injuied 
by  acquiring  a  brown  tinge ;  and  by  melting  together  cobalt  glass  and  black  oxide 
of  manganese,  a  deep  black  glass  is  forcned,  3[Cu.O.)  and  Mo  Oi  giving  CoiOa  and 
Mn.O. 

The  sulphuret  and  seleuiuret  of  cobalt  consist  of  an  equivalent  of  each  element, 
hut  do  not  require  notice. 

Of  Zinc. 
This  metal  is  found  in  nature  in  considerable  quantity,  cowibineil 
with  suipbur,  forming  sulphuret  of  zinc,  zinc  blende;  alsu  as  oxide 
of  zinc,  which,  united  with  carbonic  acid  or  with  silicic  acid,  forms 
the  two  varieties  of  calamine.  The  reduction  of  the  metal  is  effected 
from  these  ores  respectively  on  the  principles  already  described  in 
Chapter  XII.,  but,  from  the  volatility  of  the  metallic  zinc,  tiie  process 
is  carried  on  in  crucibles  or  large  earthen  retorts  in  place  of  the 
open  reverbevatory  furnace.  In  England  the  crucibles  are  closed 
above,  but  perforated  at  the  bottom,  so  as  to  admit  an  iron  tube  lo 
be  fitted  in,  the  top  of  which  rises  a  little  above  the  surface  of  the 
materials,  and  the  bottom  of  which,  passing  through  the  floor  of  the 
furnace,  opens  just  over  the  sufface  of  a  reservoir  of  water  The 
zinc,  when  reduced,  is  converted  into  vapour(  which  escapes  through 
tiie  tube,  condensing  when  it  gets  below  thfe  fire  into  a  liquid  metal, 
which,  dropping  into  the  water,  solidifies.  In  Silesia  very  large 
earthen  retorts  are  employed,  not  unlike  those  figured  in  page  289 
for  the  preparation  of  German  oil  of  vitriol. 

The  zinc  of  commerce,  as  thus  obtained,  is  impure;  it  contains 
traces  of  carbon,  iron,  cadmium,  and  often  arsenic.  It  may  be  freed 
from  the  fixed  impurities  by  redistillation  in  an  iron  retort ;  and  bj 


b,  Google 


368  OXIDE     Ol'     ZINC. 

Tejecting  the  portions  which  distil  over  first,  and  which  contiiin  the 
cadmium  and  arsenic,  it  may  be  obtained  quite  pure.  !t  is  owing- 
to  the  presence  of  these  foreign  bodies  that  ordinary  zinc  dissolves 
BO  rapidly  in  dilute  sulphuric  acid,  as  explaioed  in  page  135.  It  is 
a  brilliant  bluish-white  metal,  of  a  very  crystalline  texture;  its  sin- 
gular variations  of  tenacity  are  described  in  page  328,  At  773'  it 
melts,  and  at  a  full  red  heat  is  volatilized,  its  vapour  burning  in  air 
with  a  splendid  white  flame,  and  forming  clouds  of  oxide  of  z 
light  as  to  have  been  called  by  the  older  chemists  li 
and  mkil  album.  When  exposed  .o  the  air,  even  in  presence  ol  wa- 
ter, zinc  is  not  continuonsly  oxidized.  It  becomes  covered  with  a 
varnish  of  a  gray  substance,  probably  a  definite  suboxide,  which  is 
not  farther  altered  by  exposure,  and  hence  this  metal  is  admirably 
fitted  for  the  various  purposes  of  domestic  and  technical  use  to 
which  it  has  recently  been  applied.  In  a  galvanic  circuit  of  two 
metals,  zinc  is  almost  always  positive,  and  hence  it  preserves  the 
other  metal,  even  if  it  be  iron,  from  oxidation.  The  actual  corro- 
sion is,  however,  in  this  case,  jiot  diminished,  hut  rather  augmented 
in  amount ;  but,  being  concentrated  solely  upon  the  zinc,  it  is  easy 
to  arrange  it  so  as  to  prevent  injury.  If  zinc  be  quite  pure,  it  is 
little  acted  upon  by  acids ;  all  that  is  known  of  its  relations  in  this 
respect  lias  been  already  described  in  pages  19S  and  948. 

Tlie  symbol  for  zinc  is  Zn.     Its  equivalent  number  403-2  or  32-3. 

Oxide  of  Zine.  —  Zn.O.  Equivalent  503-2  or  40'3.  Although 
there  is  some  reason  to  suppose  the  existence  of  other  oxides  of 
zinc,  yet  at  present  we  possess  accurate  knowledge  only  of  the 
protoxide.  This  is  formed  when  the  metal  is  burned  in  air  or  oxy- 
gen. It  is  produced,  also,  when  the  zinc  is  oxidized  by  the  decom- 
position of  water,  either  at  a  red  heat  or  assisted  by  an  acid.  To 
form  the  oxide  hyjionibustion,  it  is  sufficient  to  project  a  small  frag- 
ment of  zinc  into  a  crucible  heated  to  bright  redness,  and  slightly 
inclined,  so  that  a  current  of  air  may  pass  through  it.  When  the 
tnetal  takes  fire,  another  crucible  is  to  be  placed  inverted  over  the 
first,  hut  still  allowing  a  certain  access  of  air.  The  oxide  of  zinc 
being  not  really  volatile,  hut  only  mechanically  carried  up  by  the 
current  of  air,  is  deposited  on  the  inside  of  the  upper  crucible  as 
a  loose  cottony  mass,  which,  while  very  hot,  is  of  a  fine  canary  col- 
our, but  becomes  pure  white  when  completely  cold. 

Such  is  the  tendency  of  oxide  of  ztne  to  enter  into  combination, 
that  the  precipitates  given  by  the  caustic  alkalies  in  a  solution  of 
a  salt  of  zinc  are  basic  salts,  and  not  the  mere  oxide.  To  prepare 
the  oxide,  a  solution  of  sulphate  of  zinc  is  to  he  decomposed  by 
carbonate  of  soda  ;  the  precipitate  is  carbonate  of  zinc  ;  and  hy 
heating  this  to  redness  in  a  eruci^e,  the  carbonic  acid  passes  off, 
and  the  oxide  of  zinc  remains  pure.  This  oxide  is  a  powerful  base ; 
it  neutralizes  the  strongest  acids,  and  its  salts  are  some  of  the  most 
definite  and  characteristic  that  exist :  they  are  easily  recognised. 
In  their  solutions,  the  caustic  alkalies  all  produce  voluminous  white 
precipitates,  which  are  redissolved  by  an  excess  of  the  alkali.  An 
alkaline  carbonate  gives  a  similar  precipitate,  which,  however,  is 
not  redissolved  by  an  excess,  except  it  he  carbonate  of  ammonia. 
Hydrosulpliuret  of  ammonia  produces  a  white  precipitate  of  hydra 
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ted  sulphuref  of  zinc,  if  the  solution  be  not  very  acid.  Sulphuret- 
ted hydrogen  does  so  only  if  the  solution  be  completely  neutral 
A  solution  of  zinc  with  much  free  acid  is  not  affected  by  sulphuret- 
ted hydrogen,  either  free  or  combined. 

The  native  Sulpkuret  of  Zinc,  Zn.S.,  is  fownd  in  crystals  of  a  va- 
riety  of  colours ;  it  is  a  pFOtosulphuret,  and  may  be  artificially 
fornaed  by  melting  zinc  and  sulphur  togetlier.  It  is  decomposed  by 
ncida,  sulphuretted  hydrogen  being  given  off,  and  a  salt  of  zinc  pro 
duced. 

Of  Cadmium. 
This  metal  exists  but  in  small  quantities  in  nature ;  the  only  ore 
of  it  is  its  sulphuret,  a  mineral  but  lately  found,  and  stjll  very  rare  ; 
it  accompanies  almost  universally,  though  in  small  quantities  only, 
the  ores  of  zinc,  and  is  obtained  in  the  working  of  zinc  ores  by  ta 
king  advantage  of  its  greater  volatility.  The  details  of  its  purifi- 
cation need  not  be  inserted.  It  is  white  like  tin  ;  it  is  more  fusible 
and  more  volatile  than  zinc  ;  its  specific  gravity  is  869  j  it  dissolves 
very  slowly  in  dilute  sulphuric  acid,  but  rapidly  in  dilute  nitric  acid ; 
it  combines  with  oxygen  only  in  one  proportion.  Its  symbol  is  Cd., 
and  its  equivalent  696-8  or  55-8. 

The  Oxide  of  Cadmium,  CiO.,  equivalent  790-8  or  63  S,  is  obtaiued  by  processes 
esactly  such  as  described  for  ojtide  of  zinc.  Wlien  anhydrous,  il  is  au  orange  pow 
der ;  its  salts,  which  are  very  stable,  resemble  closely  those  of  zinc,  from  which 
they  are  distinguished  by  giving  with  sulphuretted  hydrogen  a  fine  yellow  precipi- 
tate, and  with  carbonate  of  ammonia  a  white  precipitate,  insoluble  in  an  excess ; 
its  salts,  like  those  of  zinc,  are  all  ej>lourless, 

Sv.lp!mreC  of  Cadmium,  Cd.O.,  is  found  natiye  near  Greenock;  it  is  yellow  like 
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Of  Tin. 

This  metal,  from  the  ease  with  which  it  is  extracted  from  its  ores, 
has  been  known  from  the  earliest  ages,  and  in  all  countries,  both  of 
the  East  and  West.  Before  the  working  of  iron  was  discovered, 
cutting  instruments  of  ail  kinds  were  made  of  an  alloy  of  tin  and 
copper  (bronze),  w^hich  in  hardness  was  little  inferior  to  steel ;  but, 
from  its  incapability  of  being  tempered  with  the  same  exactness, 
was  only  an  imperfect  substitute  for  it.  It  was  from  the  tin  mines 
of  Cornwall  that  England  iirst  became  known  to  the  then  more  civ- 
ilized nation  of  Phcenicia.  A  great  quantity  of  the  tin  of  commerce 
is  still  obtained  from  that  county ;  but,  in  addition,  it  is  imported 
from  Mexico  and  the  East  Indies.  The  tin  ore  has  been  found  in 
Ireland  (county  Wickiow),  but  not  as  yet  sought  for  with  a  view 
of  extracting  the  metal  from  it. 

The  usual  ore  of  tin  is  the  native  peroxide,  which  is  found  in 
veins,  and  also  in  fragments  in  the  soil  formed  by  the  disintegration 
of  the  rocks.  The  process  of  reduction  is  the  simplest  possible, 
the  ore  being  smelted  with  the  fuel,  as  described  p.  332.  The  met- 
al thus  obtained  is  still  farther  purified  from  any  admixture  of  for- 
eign metals  by  the  process  of  liquation,  whicli  is  founded  on  the 
easy  fusibility  of  pure  tin.  The  ingots,  or  pigs  of  tin,  are  gently 
heated  until  they  begin  to  melt,  and  then  the  heat  being  prevented 
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from  rising  higher,  the  pure  metal  melts  completely  out,  leaving 
behind  the  impurities  combined  with  a  proportion  of  tin,  'forming  a 
■masa  of  less  commercial  value.  The  tin  thus  purified  is  termed 
grain  tin  ;  the  residual  mass  is  called  block  tin.  The  former  is 
known  by  presenting-  the  appearance  of  a  mass  of  irregular  col- 
umns, lilce  those  formed  by  starch,  or  by  basalt,  as  in  the  Giant's 
Causeway,  and  emitting,  when  bent,  a  peculiar  creaking  sound. 
The  block  tin  possesses  these  characters  ia  a  very  small  degree,  or 
not  at  all. 

Tin,  when  pure,  is  white  like  silver,  brilliant,  and  after  gold,  sil- 
yer,  and  copper,  the  most  malleable  of  the  metals.  It  is  very  soft, 
may  be  bent  easily,  and  has  but  little  tenacity.  Its  specific  gravity 
is  7-3.  It  is  one  of  the  most  fusible  of  the  metals,  melting  at  4.42-' 
Fah.  Tin  oxidizes  but  very  slowly  in  contact  with  air  and  water, 
and  is  hence  used  to  protect  the  surface  of  the  more  easily  oxida- 
ble  metals,  particularly  copper,  in  household  use.  It  dissolves  but 
elowly  in  dilute  muriatic  acid,  but  rapidly  if  the  acid  be  strong  and 
boiling.  Nitric  acid  acts  with  great  energy  on  it  when  concentra- 
ted, forming  the  peroxide. 

The  symbol  of  tin  is  Sn.,  derived  from  its  Latin  name  stannum. 
Its  equivalent  numbers  are  735-3  or  58-9. 

There  are  three  oxides  of  tin,  of  which  the  i^rst  acts  as  a  base, 
the  second  appears  indifferent,  and  the  third  possesses  acid  proper- 
ties. 

Protoxide  of  Tin.— Sn.O.  Equivalent  835-3  or  66-9.  On  adding 
water  of  ammonia  to  a  solution  of  protochloride  of  tin,  a  copious 
white  precipitate  is  obtained,  wbich  does  not  contain  ammonia,  but 
is  the  bydrated  oxide,  Sn.O.  .  H.O.  The  same  precipitate  is  pro- 
duced by  an  alkaline  carbonate,  the  carbonic  acid  becoming  free. 
When  this  white  hydrate  is  heated  in  a  retort  filled  with  carbonic 
acid  gas,  it  gives  off  its  water,  and  the  true  protoxide  of  tin  re- 
mains as  a  dense  black  powder. 

If  the  hydrate  be  heated  in  the  open  air,  it  absorbs  oxygen,  and  becomes  perox- 
ide ;  and  if  the  black  protoxide  be  touched  when  cold  with  a  red-hot  coal  or  wire, 
il  inflames  and  burhslike  tinder,  forming  peroxide.  The  salts  of  tin  may  l>e  formed 
b;;  digesting  the  liydrated  oxide  in  acids.  It  also  dissolves  in  solutions  of  the  caus- 
tic fixed  alkalies,  but  alter  some  time  metallic  tin  is  deposited,  and  a  compound  of 
the  alkali  witb  peroxide  of  tin  remains  dissolved,  SSn.O,  producing  Sn.  and  Sn.Oa. 
Tbis  protoxide  of  tin  ia  remarltaWe  for  its  tendency  to  unite  witli  more  oxygen. 
Hence,  by  a  solution  of  a  pfotoealt  of  tin,  the  less  oxidable  metals  are  reduced  from 
their  solutions.  Ia  this  way  mercury,  silver,  gold,  platina,  may  he  thrown  down  in 
the  metallic  stale,  and  iron  and  copper  reduced  from  the  higher  to  the  lower  degrees 
of  oxidation. 

The  Sesgmonde  of  Tin,  Sn^Oj,  is  prepared  by  boiling  peroxide  of 
iron  ia  a  neutral  solution  of  protochloride  of  tin.  The  sesquioxide 
of  tin  precipitates,  and  protochloride  of  iron  dissolves,  2Sn  CI.  and 
FcjOa  producing  SuiOj  and  SFe.Cl.  It  is  a  gray  powder  ;  it  absorbs 
oxygen  readily,  and  appears  to  form  salts,  which  have  been,  as  yet, 
little  examined. 

Peroxide  of  Tin.  Stannic  .^cid.—Sn.O,,.  Equivalent  935-3  or74-9. 
This  substance  is  produced  in  all  oases  where  tin  is  allowed  to 
combine  with  oxygen  freely.  It  exists  in  nature,  constituting  the 
common  ore  of  tin  (tin  stone).  It  is  most  readily  prepared  artificial- 
ly by  pouring  the  liquid  nitric  acid,  sp.  gr.  1-42,  on  metallic  tin,  in 
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foil  or  powder  ;  the  action  is  very  violent,  and  the  metal  is  totally' 
converted  into  a  white  powder,  which  is  the  hydrated  peroxide. 
By  ignition  the  water  is  given  off,  and  the  anhydrous  oxide  remains 
of  a  pale  yellow  colour. 

If  t!ie  peroiiloride  of  tin  be  decomposed  by  an  alkali,  a  white  precipitate  of  liy- 
drated  oxide  is  obtained,  in  appearance  identical  witti  tbat  prepared  by  nitric  acid, 
but  so  diSerenC  ia  propeities  that  Berzellus,  and  after  him  many  chemists,  look 
upon  tbem  as  isomeric  bodies. .  He  calls  tbaC  by  nitric  acid,  a  jieroxide,  and  tbal 
fi'om  the  perctiloridei^  peroxide,  and  their  properties  maybe  contrasted  as  fallows 

The  a  modilication  is  totally  insoluble  in  nitric  acid  and  in  sulphuric  acid,whech 
er  strung  ur  dilute.  It  is  insoluble  in  muriatic  acid,  but  is  changed  by  it  into  an  in 
soluble  basic  salt. 

I'he  p  modification  dissolves  while  yet  moist  in  dilute  nitric  and  sulphuric  acids 
very  copioasly,  and  the  solution  is  permanent  if  snme  salt  of  ammonia  be  added  to 
it.    In  muriatic  acid  it  dissolves  rapidly  and  copiously. 

The  two  modifications  of  oxide  of  tin  dissolve  in  solution  of  caustic  potash,  and, 
when  again  precipitated  from  it  by  an  acid,  retain  their  original  propeities.  These 
modihcations  are  also  capable  of  being  transformed  into  each  other ;  the  a  into  ^ 
V  distillatioa  witii  strong  muriatic  acid,  and  the  ^  into  a  by  boiling  with  nitric  acid. 

The  hydrated  peroxide  of  tin  reddens  litmus,  and  combines  with  alkalies  lo  form    ■ 
salts,  but  nut  with  acids,  except  in  the  ^  Ibrm.    It  is  used  in  the  arts  as  a  polishing 
material  under  the  name  of  piUty,  and  in  glass  and  enamelling,  in  order  to  give  tlie 
milk  whiteness  used  for  dials  of  watches  and  otiier  purposes. 

There  are  three  sulphurets  of  tin  corresponding  to  the  oxides 

The  Protosatphurct,  Sn.S,  is  precipitated  as  a  brown  powder  from  a  solution  of 
protochloride  of  tin  on  the  addition  of  sulphuret  oi^  hydrogen.  It  thus  serves  for 
the  detection  of  tin  in  tliat  condition.    The  Seirqaisulp&aret,  SnjSj,  is  of  no  impor- 

.  Tkc  Bitidphurei  of  Tm,  Sn.Sa,  equivalent  ll37*6  or  91i,  may  ba  prepared  by 
decomposing  a  solution  of  perchloride  of  tin  by  sulphuretted  hydrogen;  wiiich  it 
precipitates  of  a  golden  yellow  colour.  This  is  a  strong  sulphur  acid.  It  dissolvea 
readily  in  solutions  of  tiie  sulphurets  of  the  alkaline  metals,  forming  sulphur  salts, 
If  it  iw  strongly  heated,  it  abandons  an  atom  of  sulphur,  and  is  converted  into  the 
protpsulpburet.  It  may  be  also  prepared  in  the  dry  way,  anil  then  possesses  con- 
siderable interest  as  being  one  of  those  substances  which,  being  obtained  from  the 
common  metals,  and  sunulating  the  appearance  and  some  of  the  properties  of  gold, 
led  the  ancient  atcbemists  to  the  belief  of  probable  success  in  their  attempts  at 
transmutation.  The  bisnlpliuret  of  tin  may  be  prepared  in  the  dry  way  according 
to  several  prooesses,  but  to  give  it  the  peculiar  lustre  which  obtained  for  it  its  name 
of  mosaic  gold,  the  following  is  the  best  though  not  the  most  simple ;  twelve  parts 
of  pure  tin  are  to  be  melted  with  six  parte  of  mercury,  and  rubbed  up  in  a  glass 
mortar  with  seven  of  flowers  of  sulphur  and  six  of  sal  ammoniac.  This  mixture  is 
to  be  placed  in  a  glass  flask,  and  heated  in  a  sand-bath  until  no  more  telid  white 
vapours  are  given  off  The  beat  is  to  be  then  raised  to  duli  redness,  sulphuret  of 
mercuiy  and  chloride  of  tin  subUme,  and  the  mosaic  gold  remains  in  the  bottom  of 
the  vessel  in  metallic-looking  scales  ofa  brilliant  gold  colour.  The  use  of  the  mer- 
cury in.  this  process  is  to  facilitate  the  combination  of  the  tin  and  sulpbur,  and  the 
sal  ammoniac  seems  by  its  evaporation  to  prevent  the  temperature  becoming  so 
high  as  to  decompose  the  bisulphuret. 

The  seleniurels  and  phosphurets  of  tin  are  not  known. 

Tin  is  easily  recognised  in  solution  by  the  action  of  hydrosulphn- 
ret  of  ammonia,  which  produces  with  solutions  of  the  peroxide  a 
goidet}  yellow,  and  in  solutions  of  the  protoxide  a  brown  precipitate. 
These  both  dissolve  in  an  excess  of  the  precipitant.  The  protoxide 
of  tin  is  also  known  by  its  power  of  reducing  the  salts  of  gold,  silver, 
and  mercury  to  the  metallic  state. 

Of  Chromium,  or  Chrome. 

This  metal  derives  its  name  from  the  variety  and  brilliancy  of  the 
colours  of  its  compounds  (Xpiitp-oc).  It  exists  as  chromic  acid  com- 
bined with  lead  or  with  copper  in  some  rare  minerals,  but  abundant- 
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ly  as  chromic  oxide  in  the  chrome-iron  ore  (Fe.O.+CrsO;,).  It 
is  from  this  source  that  all  the  preparations  of  chrome  are  obtained 
indirectly,  but  that  ore  being'  treated  upon  the  large  scale  for  the 
manufacture  of  chromate  of  potash,  it  is  this  salt,  as  found  in  com- 
merce, that  may  be  looked  upon  as  the  source  of  chrome  for  al! 
other  purposes.  The  metal  is  obtained  by  mixing'  the  oxide  with 
lampblack  and  oil,  and  exposing  it  to  an  intense  !)eat  in  a  crucible 
lined  with  charcoal.  It  is  a  grayish-white  metal,  very  infusible, 
brittle,  not  magnetic,  and  sp.  gr.  5'9  pr  6'0.  It  is  not  attacked  by 
dilute  sulphuric  or  muriatic  acids,  but  dissolves  in  hydrofluoric  acid 
with  evolution  of  hydrogen  gas. 

Chrome  combines  with  oxygen  In  two  proportions,  forming  an  ox 
ido  and  an  acid.  Its  symbol  is  Cr.,  and  its  equivalent  numbers  are 
351-8  or  28-19. 

Oxidi  of  CArome,  CrjOj,  equivalent  1OO3'0  or  804,  may  be  ob- 
tained by  a  great  variety  of  processes.  Thus,  if  chromate  of  mer- 
cury be  heated  to  redness,  the  oxide  of  mercury  and  half  the  oxy- 
gen of  the  chromic  acid  are  expelled,  and  the  chromic  oxide  remains 
of  a  beautiful  green  colour. 

If  bichromate  of  potash  be  mixed  with  sal  ammoniac  and  heated  to  redness,  chlo- 
ride of  potassium,  water,  nitrogen,  and  oxide  of  chrome  result,  and  the  latter  is 
c*tained  pure  hy  washing  the  residual  mass  with  hoiling  water.  In  this  process, 
flCr.0,+K.O.  and  CIN.H4  produce  K.C).„N,.4H,0.,  and  CrjO,.  The  oxide  bo 
ohtained  is  pulverulent,  hut  it  may  be  obtained  crjslallized  aa  follows :  the  vapour 
of  a  compound  which  will  he  hereafter  described,  chlorochromic  acid,  is  to  he  pass- 
ed through  a  tube  oi'  hard  glass,  iept  at  a  full  red  heat,  oxygen  and  chlorine  gases 
ore  given  off,  and  oxide  of  chrome  is  deposited  on  the  inside  of  the  tube  in  rhombic 
octohedrons,  isomorphous  with  those  found  native  of  alumina  (oornndum)  and  per- 
oxide of  iron ;  the  chlorochromic  acid,  a(Cr.OiCI.)  giving  off  2C1.  and  O.,  and 
CrsOj  remaining. 

This  oxide  of  chrome  is  the  basis  of  an  extensive  class  of  salts, 
and  it  may  also  be  obtained  hy  precipitation  from  any  solation  con- 
taining it.  Its  salts  are  generally  made  from  the  bichromate  of  pot- 
ash of  commerce,  by  the  addition  of  some  deoxidating  agent  and  the 
necessary  acid.  Thus,  to  form  sulphate  of  chrome,  a  solution  of 
bichromate  of  potash  is  warmed,  and  treated  successively  with  sul- 
phuric acid  and  alcohol,  until  its  orange  colour  is  changed  into  deep 
green.  The  liquor  then  contains  the  double  sulphate  of  chrome  and 
potash  (chrome  alum),  and  from  it  the  oxide  may  be  precipitated  on 
the  addition  of  an  alkali,  as  a  pale  green  hydrate.  In  this  condition, 
the  oxide  of  chrome  dissolves  readily  in  acids,  and  also  in  solutions 
of  the  fixed  caustic  alkalies,  but  scarcely  in  ammonia,  resembling 
very  closely,  in  all  these  characters,  alumina.  Its  solutions  are 
either  green  or  purple,  and  it  is  probable  that  this  difference  is  due 
to  more  thaa  a  mere  difference  in  the  degree  of  concentration. 
When  the  hydrated  oxide  is  heated  nearly  to  redness,  it  suddenly 
begins  to  glow  like  tinder,  giving  off  its  water,  and  losing  its  solu- 
bility in  acids,  except  they  be  hot  and  concentrated.  It  is  remark- 
able that  sulphate  of  chrome,  made  from  the  ignited  oxide,  will  not 
combine  with  sulphate  of  potash  to  form  a  chrome  alum. 

Ckrowdc  Acid. — Cr.Oj.  Equivalent  651'8  or  52'2.  To  prepare 
this  acid,  a  solution  of  bichromate  of  potash  is  to  be  treated  by  by- 
drofluosilicic  acid  gas,  until  the  potash  has  been  precipitated  com- 
pletely.    The  resulting  liq^uor  is  to  be  cautiously  evaporated  to  dry- 
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ness,  and  then,  redi'ssolved  in  a  small  quantity  of  water.  The  solu- 
tion is  of  a  dark  brownish-red,  and  when  evaporated  again  gives  the 
dry  chromic  acid.  It  may  be  obtained  in  a  beautiful  form,  though 
not  in  quantity,  by  decomposing  the  vapour  of  the  perfluoride  of 
chrome  by  a  moistened  slip  of  paper.  Cr.Fj  and  3H.0.  produce  3 
H.F.  and  Cr.Oj,  which  last  is  deposited  on  the  surface  of  the  paper 
in  crimson  scales  and  needles  of  great  brilliancy.  This  acid,  when 
heated  strongly,  gives  up  half  its  oxygen,  being  reduced  to  the  state 
of  oxide.  It  coinbiiies  with  bases,  forming  several  important  classes 
of  salts,  in  which  it  is  isomorphous  with  the  sulphuric  and  manganic 
acids.  Its  salts  are  all  coloured,  generally  yellow,  orange,  or  red. 
They  will  be  described  in  another  chapter. 

Chromium  is  characterized  by  the  remarkable  colours  of  its  com 
pounds  when  dissolved,  and  by  giving,  when  in  the  state  of  oside, 
a  green  precipitate  with  the  alkalies-  In  the  state  of  acid,  it  is  known 
by  producing,  with  the  salts  of  lead,  a  yellow,  and  with  the  salts  of 
the  black  oxide  of  mercury,  an  orange  precipitate.  It  is  at  once 
recognised  by  the  beautiful  green  colour  which  it  communicates  to 
glass.  It  is,  on  this  account,  extensively  used  in  staining  glass  and 
painting  on  porcelain,  and  a  number  of  its  salts  are  employed  as  pig- 
ments and  as  dyes. 

By  the  action  ofdeoxidixlng  agents,  or  sulphurous  acid  or  sugar,  upon  blnhroaiate 
of  potash,  a  browa  substaace  is  geaerated,  BoaeerDirg  the  nature  of  which  opinion 
is  verj  much  unsettied.  There  is  reason  lo  suspect  tJie  existence  of  a  peroxide 
of  chrome,  Cr.Os,  which  this  matter  may  possibly  be.  When  ifis  washed  with 
much  water,  or  digested  in  alkaline  liquors,  chromic  acid  is  dissolved  oat  and  oxide 
of  chrome  reinaiiis,  Cra0j+Cr.0g=3Gr.0s. 

The  sulphurets,  seleuiurets,  and  phosphurets  of  chrome  are  not  important. 

Of  VoMadium. 

This  meta!,  of  recent  discovery,  derives  its  name  from  Vanadls,  a  deity  of  Scan- 
dinavian mythology.  It  is  found  native  as  vanadic  acid,  in  a  ve:y  rave  mineral, 
vanidiate  of  lead,  but  is  of  so  little  importance  that  a  slight  notice  of  it  will  suf- 
fice, although  it  forms  a  great  variety  of  combinations,  which  resemble  very  remark- 
ably  those  of  manganese  and  chrome.  The  metal  itself  has  been  obtained,  bat  of 
its  properties  nothing  positive  is  known.  Its  symbol  is  V. ;  its  equivalent  numbers 
.are 858-9 or  687. 

The  Proloaside  of  Vanadium,  V.O.,  is  a  black  powder,  formed  by  acting  on  vanadic 
acid  at  a  red  heat  with  hydrogen  gas.  It  combines  with  acids,  farming  salts  which 
resemble  probably  those  of  the  protoxide  of  manganese.  When  heated  in  the  air, 
it  absorbs  oxygen  and  becomes  ■ernnoMc  oxide,  V.O2,  which  is  a  base  combining  with 
acids  and  forming  salts  which  are  generally  blue.  It  acts  also  as  an  acid,  forming 
crystalliTable  aalta  with  the  fixed  alkalies. 

The  Vanadic  Add,  V.O,,  resembles  very  much  the  chromic  and  manganic  acids. 
.  It  is  a  red  powder,  which  may  be  melted  at  a  red  heat  without  losing  oxygen.  It 
is  very  slightly  soluble  in  water.  It  forma  various  classes  of  salts,  of  which  some 
are  while,  some  yellow,  and  others  orange  red.  In  these  characters  it  resembles 
the  chroraie  acid,  but  it  is  distiuguisljcd  from  chrome  by  producing,  when  deoxidized, 
a  blue  solution,  while  that  from  chrome  is  green. 

SECTION  IV. 
METjiLS   OF  THE   FOURTH   CLASS, 

Tungsten  and  Molybdenum, 
rjingi/eB.— This  metal  exists,  oombineci  with  oxygen,  as  tungatie  acid,  in  the 
native  tungstales  of  Imie  and  iron ;  by  boiling  the  taogatate  of  lime  in  strong  mu- 
riatic acid,  the  lime  is  dissolved  out,  and  tnngstic  acid  remaias  as  a  yellow  powder, 
which  may  be  farther  pnrilie<l  by  suiulion  in  water  of  ammonia,  and  igniting  the 
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tnn^tale  of  ammojiia.  It  is  a  deep  yellow  powder,  which  forms 'well-defined  crys- 
tailwable  sails  with  the  alkalies.  The  symbol  of  lungsteQ  is  W.,  from  its  German 
name  Wolfram,  and  its  equival&nts  1193  or  94-8.  The  timgstic  acid  resembles  the 
chromic  acid,  being  W.Oa,  When  this  acid  is  exposed  to  a  cnrreut  of  hydrogen 
gas  at  a  temperature  about  dnlj  redness,  it  loses  one  third  of  its  oxygen,  and  forms 
fiwyrsJic  fflcwte,  W.O3,  of  a.  copper-red  colour.  Tiiis  may  be  also  formed  by  diffusing 
lungstJc  acid  thioi^h  dilute  mnrialld  aeid  in  which  a  slip  of  zinc  is  immersed ;  the 
nascent  hydrc^en  tSen  effects  the  deoxidation.  At  a  full  I'ed  heat,  hydrogen  tednces 
tungsten  to  the  metaltie  statej  remoTios  all  the  oxygen.  The  metal  is  like  iron  in 
appearance,  and  very  heavy,  its  sp.  gr.oelng  about  17-5. 

,  The  most  curious  fact  in  Oie  history  of  tungsten  is  its  producing  a  substance  hav- 
ing an  eitraordinaiy  similarity  to  gold.  It  is  prepared  by  adding  to  fused  lim 
of  soda  as  much  tungsiic  acid  as  it  will  dissolve,  and  exposing  the  product  at 
red  heat  to  a  coirent  of  hydr(^en  gas ;  the  residua!  timgstate  of  soda  is  then  10  oe 
dissolved  out.  The  new  compound,  which  consisls  of  mngstic  oxide  united  to  soda, 
Na.O.-f-3W.Oj,  remains  in  scales  and  cubes  of  a  splendid  gold  colour.  It  resists  the 
action  of  acids  and  alkalies,  even  of  aqua  regia,  in  which  gold  dissolves,  and  only 
yields  to  strong  hydrofluoric  acid.    Had  it  been  discovered  at  an  earlier  period  ,ii 


5,  it  might  have  lent  exceedingly  plausible  support  to  thebi 

tion.    It  is  the  more  curious,  as  it  cannot  be  formed  by  directly  combining  soda  with 

tungstic  oxide,  which,  indeed,  appears  unable  to  unite  either  with  alkalies  or  acids. 

There  exist  two  sulphurela  of  tungsten,  "W.Sj  and  W.Ss,  of  which  the  latter  is  the 

xaost  inteiwsiing.    It  is  formed  by  dissolving  tungstic  acid  in  hydrosulphur 


line  metals  may  be  crystallized. 

MoMdemim. — This  metal  exists  combined  with  sulphur,  and  also  with  oxygen,  as 
molybdie  acid,  in  some  minerals.  It  is  not  of  any  considerable  interest,  IVhen  ob- 
tained in  the  metallic  state  it  is  white,  sp,  gr.  8-6,  acted  on  only  by  concentrated  ni- 
tric and  sulphuric  acids,  and  by  aqua  regia.  Its  symbol  is  Mo.  Its  equivalent 
BSS-S  or  47-9.    It  combines  with  oxygen  in  three  proportions, 

MilyklK  Acid,  Mo.Os,  is  easily  prepared  by  roasting  the  native  sulphuret  of 
molytidenum ;  the  sulphur  bnms  onl  as  sulphurous  acid  gas,  and  the  molybdenum, 
absorbing  oxygen,  remains  as  molyljdic  acid.  This  may  be  purified  as  described  for 
tungstic  acid.  Molybdie  acid  prepared  at  a  low  temperature  is  white,  but  beabmes 
yellow  when  fused  at  a  red  heat.  It  is  sparingly  soluble  in  water.  ''  "•'—-'- 
alkaline  liquors,  formit^  salts  which  are  nentral  and  crystallizable. 

Malyidic  Oxide,  Mo.Oi,  is  best  prepared  by  mixing  together  moiyixiaie  01  soaa 
and  sal  ammoniac  in  a  crucible,  and  igniting  the  mass  rapidly.  When  the  product 
is  washed  with  water,  a  dark  brown  powder  is  obtained,  which  is  molybdie  oxide. 
This  oxide  appears  to  form  salts  with  both  acids  or  alkalies,  of  which  some  may  be 
cn'Siallized.  Amolybdate  of  molybdenum,  or,  rather,  a  complex  oxide,  aJso  exists, 
Jlo.OH-3Mo.Oa=--MosOa.    It  is  a  blue  powder. 

When  a  solution  of  molybdate  is  decomposed  by  as  much  muriatic  acid  as  redis- 
aolves  theiholybdic  acid,  which  ia  at  first  thrown  down,  and  a  slip  of  zinc  isiramer" 
sed  in  the  liquor,  the  hydrogen  evolved  deoxidizes  the  molybdie  acid,  and  a  preeipi 
tate  is  formed  upon  the  zinc,  at  first  blue,  then  brown,  and  finally  black;  thus  passing 
thrbngh  all  the  intermediate  degrees  to  the  last,  the  Mdybdmis  O^de,  Mo.O.  This 
is  a  very  feeble  base;  GDrming  with  acid.s  salts  which  do  not  crystallize. 

Sulphur  combines  with  molyhdenimi  in  three  proportio^is,  forming  Mo.Sj,  Mo.Sa, 
and  Mo.Si.  Of  these  the  biaulphuret,  Mo.Ss,  is  important,  as  being  the  native  ore 
from  which  the  metal  and  its  compounds  are  generally  prepared.  It  is  a  soil  gray 
anbatance,  so  like  bladk  lead  as  to  have  been  mistaken  for  it  until  its  nature  was 
pointed  ont  by  Scheele.    All  these  sulphurets  are  sulphur  acids,  and  form  sails. 

Of  Osmium. 

This  metal  exi.^t?  in  nature  alloyed  with  iridium,  and  accompanies  the  ores  o( 
platinum.  The  methods  of  its  eitraption  from  these  ores  are  so  complex  atid  circui- 
tous that  I  shall  not  introduce  them  here.  In  the  systematic  works,  a  complete  ac- 
coimt  of  the  processes  pursued  will  be  fotmd. 

The  most  mteresting  property  of  osmium  is  its  forming  a  hi^y  volatile  oxide  of 
an  exceedingly  penetrating. odour,  whence  the  name  {oa/iri).  When  this  is  dissolved 
ia  muriatic  acid,  and  planed  in  contact  with  mercury,  the  osmium  is  reduced,  and  by 
distilling  offlhemercmy  it  is  obtained  as  a  black  powder;  but  by  heat  and  compres- 
sion it  may  be  rendered  coherent,  and  of  a  brilliant  M'hile  colour.  In  the  state  of 
powder,  osmium  burns  when  heated  to  redness  in  the  air,  and  is  oxidized  by  nitric 
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acid,  bat  loses  both,  these  characters  when  ignited. .  The  symbo!  of  osmium  is  Os. 
lis  equivalent  is  12M'5  or  997.    It  combines  with  osygen  in  three  projionions. 

Tfc.e  Osmc  Aad,  oc. Peroxide  of  Osmimm,  Os.Oj,  is  always  formed  when  osmi- 
um is  burn^  in  air  or  in  oxygen  gas.  It  condenses  in  long  white  needles.  lis 
odour  is  remarkably  acid  and  pur^enL  It  melts  at  913°,  aad  boils  at  a  heat  litlle 
higher.  It  is  soluble  in  water.  The  solniion  has  no  action  on  vegetable  colours, 
but  it  combines  with  the  alkalies,  forming  ostmaies. 

The  Osniis  Oxide,  Dmtoxide  of  Osmium,  Os.Oi,  is  produced  by  the  decomposi- 
tion of  a  solntion  of  osmiate  of  ammonia,  by  a  temperature  of  150";  nitrogen  gas  is 
given  off,  and  a  brown  powder  is  deposited. 

The  Protoxide  of  Osmtwm,  is  produced  by  decomposing  a  solution  of  protochloride 
of  osmium  by  potash;  adeepgreen,  almost  black,  powder  is  thrown  down,  in  which 
jhe  oxide  is  combined  with  water  and  traces  of  the  alkali. 

The  sulphurets  of  osmium  are  not  known, 

Columbium,  or  Tantalum, 

This  metal  was  discovered  first  in  an  American  mineral,  from  whence  its  name,' 
it  was  subsequently,  but  independently,  discovered  in  some  very  rare  Swedish  min- 
erals, and  from  the  difficulty  of  its  extraction,  the  name  taolalum  was  given  to  it, 
which  it  still  bears  upon  the  Continent,  and  from  whence  lis  symbol  is  Ta.  The 
process  required  to  prepare  it  need  not  be  described,  as  it  is  similar  to  that  for  ob- 
laining  silicon. 

Metallic  Colnrabium,  or  Tantalum,  is  a  black  powder,  which,  when  bomished, 
appears  iron  gray.  Ho  acid  but  the  hydrofluoric  appears  to  have  any  action  on  it. 
It  t^es  fire  when  heated  in  the  air,  and  bums  vividly.  Its  equivalent  numbers  are 
S30'7  or  185.    It  combines  with  osygen  in  two  proportions. 

TaTiMic,  or  CoUmMc  Add,  Ta.Osj  exists  native  in  ali  the  minerals  containing 
the  metal.  To  procure  it,  the  iziineral  is  fused  with  carbonate  of  potash,  and  the 
tantalate  of  potash,  which  is  soluble,  is  to  be  decomposed  by  muriatic  acid.  The 
tanialic  acid  precipitales  as  a  white  powder,  which  contains  water,  and  reddens  lit- 
mus paper.  When  lantalic  acid  is  heated  strongly  in  a  crucible  with  charcoal,  but 
a  slight  film  of  it  is  reduced  to  the  metallic  state,  the  great  mass  being  broueht  only 
to  the  state  of  la^alic  oxide,  Ta.Oa.    This  substance  is  gray.    It  is  insoluble  in  all 

The  similarity  of  tantalum  to  silicon  is  very  great;  it  resembles  it  in  forming  wili 
fluorine  and  potassium,  a  double  fluoride,  from  which  the  metal  is  obtained. 

Titanium. 
.  This  metal,  although  not  met  with  in  large  quantities,  is  yet  foimd  in  a  great  ^i- 
rieiy  of  minerals.  It  is  not  found  native  in  a  metallic  state,  but  combined  with  ox- 
YgOT,  fbrmiog  titanlie  achi.  To  obtain  metallic  titanium,  the  volatile  pcrchlorida 
IS  employed.  This  body  absorbs  am'monia,  forming  a  while  substance,  Ti.Cl2+3 
K.Hs,  which,  when  heated  to  redness,  gives  metallic  titanium,  with  sal  ammoniac 
andnitrogen,  the  hydrogen  carrying  off  the  chlorine.  Itis  of  abright  copper  colour, 
almost  perfectly  infusible.  Titanium  exists  In  most  of  the. clay  iron  stone,  and 
hence,  being  reduced  during  the  smelling  of  the  iron,  is  found  in  the  slags,  cijstal- 
li^ed  in  cubes  of  excessive Tiardness  and  brilliancy,  ap.gr.  53.  This  metal  is  not 
acted  upon  by  any  acid  except  a  mixture  of  nitric  acid  with  hydrofluoric  acid,  and 
is  oxidized,  but  very  slowly,  by  melted  nitre.  It  is  perfectly  unalterable  by  air  or 
water.  Its  symbol  is  Ti.  Its  equivalent  numbers  are  303-7  or  24-3,  and  it  com- 
bines with  oxygEi  in  '"o  proportions. 

Titasdc  Acid,  Ti.f^  exists  native,  constituting  the  mineral  ndUe,  isomorphouS 
TviAi  tin  slane  (Sn.Oi),  and  also  in  the  mineral  unjatese.  More  abimdantlyit  is  found 
in  the  lUanii:  iron,  ifmenile,  the  formula  of  wMohis  Fe.0. .  Ti.Oj,.and,  which  is 
very  remarkable,  from  having  thesaaie  crystalline  form  aa  peroxide  of  iron,  FeaOj, 
BO  that  the  titanium  would  appear  to  replace  the  second  atom  of  iron,  aai  the  formu- 
la to  be  Fe.Ti.+Os.  This  is  merely  speculative,  however,  as  iron  is  never  iao^- 
morphous  with  tin,  and  in  no  other  case  with  titanium,  and  I  hence  consider  thia 
Instance  as  one  Of  the  coincidences  of  form  described  in  pages  ^1  and  336. 

Titanic  acid  is  arJificiaily  prepared  from  the  titanate  of  iron  by  igniting  it  with 
sulphur.  The  oxide  of  iron  and  sulphur  form  sulphurous  acid  and  sulphuret  of  iron, 
.  and  when  this  last  is  dissolved  out  by  muriatic  acid,  the  dtanic  acid  remains  be- 
■  hind.  It  requires  other  processes  to  render  it  absolutely  pnre,which  need  not  be  de- 
scribed here.  It  is  a  pare  white  powder,  resembline  silica  very  remarkably  in  its 
properties,  and,  like  it,  havir^  a  soluble  and  an  insoluble  iK^dificatioii,    It  is  remark- 
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ably  characterized  ty  its  solution,  in  muriatic  acid,  giving  with  linclilre  of  galli 
an  orange  precipitate,  and  by  the  immeisioo  of  a  slip  of  zinc  a  fine  purple  powder, 
whiclyis  Oxide  of  l^tatdwa,  Ti.O. ;  the  second  atom  of  oxygen  being  removed  from 
itfteacid  ty  the  nascent  hydrogen.  This  oxide  of  titaninm  may  also  be  procured  bj' 
Jgniting  titanic  acid  with  charcoal;  it  is  then  a  black  powder,  insoluble  in  allacidf. 
The  Bisfiiplcwret  of  Tiiaw-wm,  Ti.Sj,  is  a  sttong  sulphur  acid,  but  not  otherwise 
important. 

Of  .3>mnic. 

This  metal  exists  in  nature  in  a  great  variety  of  forms,  and  in 
coasiderable  quantity.  It  is  found  native,  but  more  generally  com- 
bined with  other  metals,  as  nickel,  cobalt,  iron;  being  consideredi 
like  oxygen  and  sulphur,  as  a  mineralizer  of  other  metals.  Combined 
with  sulphur,  it  constitutes  the  native  orpiment  and  realgar;  and 
with  oxygen,  as  arsenic  acid,  it  is  united  with  metallic  oxides  in  the 
native  arsetiiafes  of  lime,  of  iron,  of  lead,  &c.  The  great  proportion 
of  the  arsenic  of  commerce  is  obtained  in  the  roasting  of  the  cobalt 
and  nickel  ores,  as  described  in  p.  334.  The  current  of  hot  air 
which  has  passed  over  the  ignited  ore  carries  with  it,  into  a  series 
of  large  chambers,  the  volatile  araeiiious  acid,  which  is  deposited 
under  the  form  of  a  fine  grayish  powder  on  the  walls  and  floor. 
This  is  discoloured  by  some  of  the  oxide  of  the  fixed  metals,  which 
is  carried  over  mechanically  by  the  draught,  and  it  is,  therefore, 
resublimed  in  iron  vessels,  the  covers  of  which  are  allowed  to  be- 
come so  hot  that  the  arseaious  acid,  in  condensing,  shall  aggregate 
itself  into  a  vitreous  mass,  in  which  state  it  is  sent  into  commerce. 

The  metallic  arsenic  may  be  prepared  from  the  arsenious  acid  in 
many  ways,  but  best  by  mixture  with  three  times  its  weight  of  black 
flux  (p,  334)  in  a  crucible  or  earthenware  retort,  which  is  then  to 
be  heated  to  redness.  If  a  crucible  be  used,  another  cold  crucible, 
somewhat  larger,  must  be  inverted  over  it,  on  the  inside  of  which 
the  metal  condenses,  but  with  a  retort  it  is  deposited  in  the  neck  as 
an  irregular  mass  of  rhombohedrons,  variously  modified.  It  is  very 
brittle;  its  sp.  gr.  5-96.  It  sublimes  at  356^  F.  without  previously 
melting.  The  sp.  gr.  of  its  vapour  is  10362.  Its  vapour,  if  in  con- 
tact with  the  air,  has  a  very  characteristic  garlic  odour;  which, 
however,  belongs  not  to  the  pure  metal,  but  to  an  oxide  produced 
by  a  iovv  degree  of  combustion  which  occurs.  In  the  air  it  gradu- 
ally absorbs  oxygen,  and  falls  into  gray  powder  {suboxide,  fly  powder). 
By  nitric  acid  it  is  rapidly  oxidized,  and  deflagrates  violently  in 
melted  nitre.  In  fine  powder  it  burns  spontaneously  in  chlorine 
gas,  with  a  brilliant  white  flame,  and  burns  similarly  when  heated 
in  oxygen  gas.  The  symbol  of  arsenic  is  As.,  and  its  equivalent 
numbers  are  94.0-1  or  75-34. 

Arsenic  combines  with  oxygen  in  three  proportions,  forming  a 
suboxide,  of  which  the  composition  is  not  known.  Many  chemists 
look  upon  it  as  a  mere  mixture  of  metal  and  arsenious  acid,  for 
when  it  is  heated  it  separates  into  these  bodies.  The  other  degrees 
of  oxidation,  the  arsenious  acid  and  arsenic  acid,  are  of  great  im- 
portance. 

Arseniovs  Acid.  White  Arsenic.  Oxide  of  Arsenic — As.Oj,  ef|uiv- 
alent  1240-1  or  99-34— is  found  in  commerce  in  masses,  which,  if 
recently  sublimed, ^e  perfectly  colourless  and  transparent,  but 
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gradually  become  milk-white  and  opaque.  In  general,  the  outer 
portions  of  the  commercial  masses  have  thus  changed,  while  the  in- 
terior retains  its  original  transparency.  This  alteration  is  probably 
connected  with  the  dimorphism  of  arsenioua  acid  (p.  228),  for  the 
acid  in  these  conditions  differs  in  density  and  in  solubility.  The 
transparent  is  sp,  gr.  3'74,  and  100  parts  of  boiling  water  disiiolve 
9-68  parts  of  it  j  but  the  opaque  acid  is  of  sp.  gr.  3-69,  and  11'47  of 
it  are  soluble  in  100  parts  of  boiling  water,  A  solution  of  the  vit- 
reous acid  reddens  litmus  paper,  but  that  of  the  opaque  acid  restores, 
though  feebly,  the  blue  colour  of  Htmus  paper  already  reddened  by 
an  acid.  The  taste  of  arsetiious  acid  is  not  ^narked,  but  rather 
slightly  sweet :  it  leaves  upon  the  palate,  ^ho we ver,  an  acrid  sensa 
tion. 

The  arsenious  acid  sublimes  at  380''  F.  without  previously  melt- 
ing.    Its  vapour  is  of  sp.  gr.  13670,  being  produced  by 

One  volume  of  vapour  of  arsenic  =103630 
Three  volumes  of  oxygen  ,  .  ^=  3397  8 
the  four  volumes  forming  one  .  .  ^I3iiS!l-8 
If  it  be  very  slowly  sublimed,  it  cohdenses  in  regular  octohedrons 
of  exceeding  brilliancy.  It  is,  however,  sometimes  found,  in  the 
roasting  of  its  ores,  in  crystals  belonging  to  a  different  system  (the 
rhombohedral),  Arsenious  acid  is  dissolved  by  liquid  muriatic  acid 
in  large  quantity,  but  crystallizes  from  that  solution  in  octohedrons. 
If  the  opaque  acid  had  been  employed,  the  crystallization  is  not  pe- 
culiar ;  but  if  it  had  been  the  transparent  variety,  the  deposition  of 
every  crystal  is  accompanied  by  a  sudden  flash  of  light,  very  brill- 
iant in  the  dark.  The  crystals  so  produced  belong  to  the  opaque 
kind,  so  that  it  would  appear  as  if,  at  the  moment  of  deposition,  the 
particles  changed  their  mode  of  arrangement,  so  as  to  pass  from 
the  transparent  to  the  opaque  dimorphous  form,  and  that  the  alter- 
ation in  molecular  constitution  occasioned  the  evolution  of  light, 
and  probably  of  heat  and  electricity. 

The  arsenious  acid  combines  with  bases  to  form  salts,  which  are, 
however,  of  sucb  unstable  constitution  that  they  are  but  little 
known.  It  is  particularly  of  importance  from  its  highly  poisonous 
properties,  and  from  its  being,  more  frequently  than  any  other  sub- 
stance, administered  to  produce  death.  Its  recognition  is,  there- 
fore, to  the  medical  chemist,  one  of  the  most  important  problems 
in  analysis,  and  will  be  fully  discussed  when  the  other  combinations 
of  arsenic  have  been  described. 

Arsenic  Acid. — As.Oi.  Equivalent  1440-1  or  115-34.  To  obtain 
this  acid,  eight  parts  of  arsenious  acid  are  to  be  placed  in  a  retort 
with  two  parts  ot  strong  muriatic  acid,  and  boiled,  while  twenty- 
four  parts  of  dilute  nitric  acid,  of  sp,  gr.  1-25,  are  to  be  added  in 
smalt  quantities  qt  a  time.  The  mixture  is  to  be  distilled  in  a  re- 
tort to  the  consistence  of  a  sirup,  and  then  transferred  to  a  plalina 
dish  in  ■which  it  is  to  be  evaporated  to  perfect  dryness,  and  heated 
until  all  traces  o(  nitric  acid  are  expelled.  The  residual  mass  is 
milk  white  but  anhydrous  arsenic  acid.  The  heat  should  not  be 
raised  to  near  lediie&s  for  then  the  arsenic  acid  is  decomposed  into 
at'cnioua  acil  ini  free  o\ygen.     The  mass  thus  obtained  dissolvea 
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but  slowly  in  water,  but  ultimately  the  solution  is  complete  ;  tbe 
arsenic  acid  has  even  so  much  affinity  for  water  as  to  deliquesce 
rapidly  in  vessels  which  are  not  kept  carefully  closed. 

The  arseaie  ncid  reddens  litmus  paper  strongly,  and  forms  with 
the  alkalies  perfectly  neutral  salts.  At  a.  high  temperature  it  is  ca- 
pable of  expelling  all  the  volatile  acids,  even  the  snjpliuric  acid, 
from  their  combinations.  In  its  compounds  it  resembles  very  close- 
ly the  phosphoric  acid  ;  but  it  appears  capable  of  forming  only  one 
of  the  three  classes  of  salts  which  phosphoric  acid  produces.  The 
arseniates  are  all  tribasic,  but  as  the  quantity  of  fixed  base  varies, 
there  are  some  ueutraland  others  acid  arseniates;  the  latter  were 
formerly  called  binarseniates.     Thus  there  are, 

3Na.O.+Aa.O,-i-2'l  aq.  called  subarseniate  of  soda, 

2Na.O, .  H.0.+As.0,-1-14  aq.     "      neutral  arseniate  of  socia, 

Na.0..2H.O.+As.O,4-2aq.       »      binarseniaie  of  soda ; 
but  the  quantity  of  base  is  really  constant,  being  in  each  three  atoms, 
made  up  partly  of  water  and  partly  of  soda. 

The  arsenic  acid'is  recognised  by  being  precipitated  golden  yel- 
low by  sulphuretted  hydrogen..  The  precipitate  dissolves  instantly 
in  ammonia,  and  even  in  an  excess  of  sulphuret  of  hydrogen;  so 
that  it  may  not  be  visibly  produced,  if  the  quantity  of  arsenic  be 
small,  until  the  liquid  shall  have  been  well  boiled.  A  solution  of 
any  arseniate  gives  with  nitrate  of  silver  a  brick-red  powder,  arse- 
niate of  silver,  SAg.O. -1- As.Oj,  the  formation  of  which  is  easily  ex- 
plained. An  insoluble  arseniate  heated  in  a  glass  tube  with  ciiac- 
coal  powder  gives  a  sublimate  of  metallic  arsenic. 

^rsmwret  of  Hydrogen.— It  has  been  supposed,  that  when  metal- 
lic arsenic  is  used  as  the  negative  electrode  of  a  voltaic  battery, 
the  hydrogen  evolved  combines  with  it,  and  forms  abrown  powder, 
hydruret  of  arsenic.  The  same  body  was  supposed  to  be  generated 
in  other  ways;  but  it  is  now  known  that  this  substance  is  only  me- 
tallic arsenic  finely  divided,  and  that  there  is  but  one  compound  of 
arsenic  and  hydrogen,  the  gaseous  arseniuret  of  hydrogen.  As.Hj. 

This  compound  is  easily  obtained  whenever  nascent  hydrogen 
comes  into  contact  with  metallic  arsenic:  thus,  when  an  alloy  of 
equal  parts  of  zinc  and  arsenic  is  dissolved  in  dilute  sulphuric  acid, 
the  hydrogen  evolved  combines  with  the  arsenic,  SfS.Oj-j-H.O.) 
and  ZujAs.  producing  3{S.O,4-Zn.O.)  and  HAs.     It  is  still  more 
easily  prepared  by  adding  muriatic  acid  to  a  solution  of  arsenious 
acid  in  water,  and  immersing  therein  a  piece  of  zinc  ;  the  hydrogen 
first  evolved  reduces  tbe  arsenious  acid,  and  the  metal  is  then  sep- 
arated as  a  fine  brown  powder,  with  which  the  hydrogen  next 
evolved  combines.     This  gas  is  generally  stated  to  have  a  very  dis- 
agreeable odour,  which,  however,  I  have  not  found  it  to  possess. 
It  is  excessively  poisonous ;  it  burns  with  a  brilliant  white  flame, 
water  being  formed,  and  arsenious  acid  or  metallic  arsenic  being 
deposited  according  to  the  supply  of  oxygen  to  the  gas ;  it  is  not 
absorbed  by  water;  its  specific  gravity  is  2694,  formed  by 
One  volume  of  arsenic  vapour    .     .      =10362  0 
Six  volumes  of  hydrogen  63  8  X  6    ,      =    4138 
The  seven  being  condensed  to  four     .     10774'8 
Of  which  one  weigiis 26S3'7 
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Arseniuret  of  hydrogen  decomposes  most  metallic  solutions,  pre- 
cipitating metallic  avseniurets  of  correaponding  constitution  (RaAs.). 
If  a  current  of  it  be  passed  over  chloride  of  copper,  heated  to  nboiit 
400^  it  is  decomposed,  H^As.  and  3Cu.Cl.  giving  CujAs.  and  3H.CI. 
This  gas  is  absorbed  by  dry  sulphate  of  copper,  which  it-decompo- 
ses, water  being  evolved,  and  a  blackish  compound  of  sulphuric 
acid  and  arseniuret  of  copper  being  produced.  This  property  is 
made  available  in  the  medico-legal  examination  of  substances  con- 
taining arsenic.  If  o  fragment  of  chloride  of  mercury  be  heated 
in  this  gas,  it  is  rapidly  decomposed,  muriatic  acid  gas  and  arse-, 
niuret  of  mercury  being  formed.  At  a  full  red  heat  the  gas  is  de- 
composed completely  by  itself,  so  that  if  a  single  point  of  a  twbe, 
through  which  it  streams,  be  ignited,  all  the  arsenic  is  deposited  a 
little  beyond  that  point,  in  the  metallic  state,  and  .only  pure  hydro- 
Sulphur  and  arsenic  combine  in  several  proportions :  the  BisulpkU'. 
ret  ofjlrsenic,  As.S^,  exists  native,  forming  the  mineral  realgar.  It  is 
prepared  by  fusing  the  following  sulphuret  with  metallic  arsenic, 
and  subliming  the  product.  Itis  a  ruby-red  crystalline  mass  ;  when  ■ 
it  is  digested  in  solution  of  caustic  potash,  a  blackish  powder  re-, 
mains,  which  may  be  looked  upon  as  a  subsulphuret ;  its  definite 
nature  is  problematical.  The  TersvJpkuret  of  Arsenic,.  As.Sg,  yellow 
arsenic,  orpiment,  is  found  native,  and  maybe  easily  prepared  by  de-' 
composing  a  solution  of  arsenious  acid  vvith  sulphuret  of  hydrogen, 
As.O,  and  3H.S.  giving  As.Syand  3H.0.  It  is  a  rich  yellow  powder  ; 
when  heated,  it  melts ;  and  in  close  vessels  sublimes  unaltered,  but 
otherwise  it  burns,  partly  forming  arsenious  and  sulphurous  acids ; 
it  is  not  quite  insoluble  in  water.  It  is  insoluble  in  acids,  and  best 
precipitated  from  an  acid  liquor.  It  is  a  strong  sulphur  acid,  com- 
bining with  the  sulphur  bases  to  form  salts,  sulpAo-trsemtes.  It 
hence  dissolves  teadiiy  in  hydrosulphuret  of  ammonia,  and  also  in 
the  caustic  alkalies.  In  the  last  case  there  e.iists  in  solution  an 
ordinary  arsenite  besides  the  sulphur  salt ;  for,  using  potash,  2As. 
S,  and  6K.0.  produce  (As.S,-f3K.S.)  and  {As.O,-l-3K.O.).  When 
sulphuret  of  arsenic  is  ignited  with  black  flux,  metallic  arsenic  sub- 
limes i  and  the  separation  of  the  metal  is  still  more  elegantly  effect- 
ed by  heating  the  sulphuret,  mixed  with  carbonate  of  potash,  in  a 
current  of  dry  hydrogen  gas. 

The  Persulphuret  of  Arsenic,  As.S^,  corresponds  to  the  arsenic  acid, 
and  is  prepared  by  decomposing  a  solution  of  it,  or  of  any  of  its  salts, 
by  sulphuretted  hydrogen.  It  is  yellow,  paler  than  orpiment ;  sub- 
limes without  alteration  in  close  vessels  ;  is  a  strong  sulphuric  acid, 
and  hence  dissolves  in  solutions  of  the  alkaline  hydrosulphttrets, 
forming  sulpho-arseniates  ;  the  metal  may  be  eliminated  from  it  by 
the  same  means  as  those  described  for  orpiment. 

A  substance  sold  in  this  country  for  killing  flies,  under  the  iiame 
of  king's  yellow,  is,  or  ought  to  be,  orpiment.  The  best  sort  is  made 
by  boiling  together  lime,,  sulphur,  and  white  arsenic  ;  but  much  of 
it  consists  merely  of  white  arsenic  coloured  by  some  sulphur  mixed 
with  it.  From  the  facility  with  which  it  may  be  obtained,  and  the 
manner  in  which  it  is  left  exposed,  it  is  very  frequently  the  source 
of  fatal  accidents. 
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Notwithstanding  the  scientific  importance  which  arsi 
from  the  number  and  variety  of  its  compounds,  it  is  of  much  higher 
interest  in  consequence  of  (he  frequent  necessity  for  the  detection 
of  excessively  minute  traces  of  it  in  cases  of  suspected  poisoning, 
where  a  responsibility,  involving  the  Ufe  of  a  fellow-creature,  rests 
on  the  skill  and  accuracy  of  the  medical  chemist.  Tlie  detection 
of  arsenic  under  all  possible  circumstances  is  an  object,  therefore, 
to  which  all  the  powers  of  analysis  should  be  brought  to  bear,  and 
the  methods  at  our  disposal  appear,  if  properly  applied,  to  be  satis- 
factory and  complete.  In  a  question  so  grave  as  this,  no  colours 
of  precipitates,  however  so  marked- — no  arrangement  of  mere  results 
by  test,  no  matter  how  corroborative,  should  be  considered  as  by 
themselves  decisive  ;  the  object  of  the  chemist  should  be,  the  iso- 
lation and  produ&tion  of  the  metallic  arsenic  ;  and  where  this  has  not 
been  done,  it"  is  certain  that  either  there  is  no  arsenic  present,  or 
that  the  skill  of  the  operator  cannot  be  absolutely  relied  on. 

In  poisoning  by  arsenic,  the  substance  used  is  almost  universally 
arsenious  acid.  To  this,  therefore,  I  shall  confine  my  remarks  at 
present ;  I  shall  afterward  notice  the  peculiarities  of  its  other  prep- 

The  arsenious  acid  being  a  very  heavy  powder,  and  but  sparingly 
soluble,  it  is  very  rapidly  deposited  fiom  any  liquid  through  which 
it  might  have  been  diffused,  and  hence  the  vessels  in  which  food 
had  been  contained  should  be  carefully  examined  for  any  traces  of 
it  which  might  remain.  This  should  not  be  omitted,  even  though 
they  might  appear  to  have  been  subsequently  rinsed.  Any  substan- 
ces vomited  by  the  person  suspected  to  be  poisoned  should  be  care- 
fully examined  for  the  same  object ;  and  ia  case  of  death,  the  mate- 
rials in  the  stomach  and  its  mucous  surface  must  be  similarly  search- 
ed. The  little  grains  of  arsenious  acid  adherent  to  the  surface  of 
the  stomach  are  frequently  tinged  yellow  at  the  surface  by  sulphu- 
retted hydrogen,  if  the  examination  be  deferred  until  some  time  af- 
ter death. 

In  case  of  such  traces  of  white  powder  being  found,  the  examina 
tion  is  very  simple.     Their  porperties  are: 

1st..  Heated  alone  in  a  glass  tube,  the  powder  sublimes  and  con- 
denses in  minute  brilliant  octohedrons. 

2d.  Mixed,  in  a  tube  closed  at  one  end,  with  a  little  black  flux, 
and  ignited,  metallic  arsenic  sublimes,  forming  a  steel-gray  crust, 
brilliaat  on  the  side  next  the  tube,  but  dull  and  crystalline  on  the 
inside.  On  applying  the  nose  to  the  open  end  of  the  tube  and  in- 
spiring, a  garlic  odour  is  perceived. 

3d.  On  cutting  off  the  sealed  end  of  the  tube,  and  then  heating 
the  part  containing  the  metallic  crust,  the  tube  being  slightly  incli- 
ned, the  metal  disappears,  and  a  crust  of  white  arsenic  condenses  a 
little  higher  up.  A  current  of  air  passes  through  the  tube,  with  the 
oxygen  of  which  the  metal  combines.  In  this  process  the  garlic 
smell  becomes  more  marked  than  in  No.  2. 

4th.  The  white  powder  dissolves  in  water.  It  yields  precipitates 
with  the  following  reagents  : 

A.  Sulphuretted  Hydrogen. — A  rich  yellow  r  soluble  in  ammonia, 
and  precipitated  on  the  addition  of  an  acid.  This  precipitate  is  or- 
pimenl. 
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B.  Ammonia-nitrate  of  Silver.— A  canary  yellow;  ar smite  of  silver. 
This  reagent  is  very  delicate,  but  the  precipitate  is  soluble  both  in 
acids  and  ammonia,  so  that  an  excess  of  either  must  be  nvoided. 

C.  Aiamoniasulphaie  of  Copper. — A  fine  apple-green.  This  is  re- 
dissolved  also  by  an  excess  of  acid  or  of  ammonia. 

Each  of  these  liquid  reagents  is  liable  to  fallacy,  which  must  be 
guarded  against. 

A.  SulpAureited  Hydrogen  gives  precipitates  more  or  less  resem- 
bling that  from  arsenic  with  i!ie  following  metals : 

Cadmium.  Antimony, 

Tin  (persalts).  Iron  (persalis). 

The  precipitate  from  cadmium  is  not  soluble  in  water  of  ammonia, 

The  precipitate  from  tin,  when  dried  and  ignited  with  black  flux, 
gives  no  sublimate  of  metal. 

The  precipitate  of  antimony  acts  in  the  same  way  as  tin, but  also 
it  dissolves  in  strong  muriatic  acid,  and  the  solution,  diluted  with, 
much  water,  gives  a  white  precipitate.  The  sulphurftt  of  antimony 
ia  much  more  orange-coloured  than  that  of  arsenic. 

The  precipitate  from  a  persalt  of  iron  is  pure  sulphur  ;  heated,  it 
melts  and  burns  completely  away,  without  forming  any  solid  pro- 
duct. 

B.  Jlmmonia-nitraie  of  Silver. — Phosphate  of  soda  produces  a  yel- 
iow  precipitate  of  tribasic  phosphate  of  silver,  exactly  resembling 
the  arsenite.  It  is,  however,  much  more  soluble  in  ammonia.  They 
are  at  once  distinguished  by  being  collected  and  ignited.  The  ar- 
senite gives  off  oxygen  and  avsenious  acid,  while  metallic  silver  re- 
mains; but  the  phosphate  gives  no  volatile  product. 

C.  The  Ammonia-sulphate  of  Copper  is  uncertain,  unless  it  be  dried 
and  reduced;  for  there  are  numerous  basic  compounds  of  copper, 
which  resemble  it  very  much  in  colour. 

None  of  these  liquid  reagents  are,  therefore,  in  themselves  posi- 
tive, unless  by  extraction  of  the  metal ;  and  this  is  the  more  impor- 
tant when  the  operator  has  to  work,  not  with  the  clear  solutions 
prepared  intentionally  for  illustration,  but  with  the  complex  and 
discoloured  liquids  obtained  from  the  stomach  and  intestines. 

The  process  to  be  then  followed  maybe  either  of  two  kinds;  the 
first  consists  in  converting  the  arsenic  into  sulphuret,  the  second 
into  arseniuret  of  hydrogen.     I  will  describe  each  in  their  turn. 

The  contents  of  the  stomach  and  small  intestines,  or  the  matter 
ejected  by  vomiting  during  life,  are  to  be  boiled  in  distilled  water 
for  half  an  hour,  and  then  the  liquor  strained  through  a  linen  cloth. 
If  it  be  too  thick  or  coloured  to  allow  of  a  small  quantity  of  precip- 
itate being  observed  and  separated,  a  current  of  chlorine  gas  is  to 
be  passed  through  it,  by  which  most  of  the  animal  matter  dissolved 
is  coagulated,  and  a  more  convenient  solution  obtained.  This  be- 
ing strained  or  filtered,  is  to  be  well  boiled  to  expel  the  excess, of 
chlorine,  and  then  submitted  to  the  action  of  a  current  of  sulphuret- 
ted hydrogen  gas.  The  animal  matters  may  also  be  removed  from 
the  solution  by  rendering  it  acid  by  nitric  acid,  and  then  adding  an 
excess  of  nitrate  of  silver.  When  the  precipitate  which  forms  has 
been  separated,  the  excess  of  silver  is  to  be  thrown  down  bv  some 
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common  salt,  and  the  liquor  being  then  filtered,  is  fit  for  the  action 
of  the  sulphuretted  hydrogen. 

When  the  liquor  smells  strongly  of  this  gas,  there  has  been 
enough  passed  through,  and  it  is  then  to  be  boiled  briskly  for  a  few 
minutes  to  expel  the  excess,  and  favour  the  deposition  of  ihe  pre- 
cipitate produced.  This  is  to  be  then  collected  on  a  filter,  washed 
carefully  with  water  acidulated  by  muriatic  acid,  and  dried  at  a 
moderate  heat. 

When  completely  dry,  it  is  to  be  mixed  with  about  twice  its  bulk 
of  black  fliix,  and  ignited  in  a  small  tube  of  hard  glass  closed  at  one 
end.  In  introducing  the  materials,  care  must  be  taken  not  to  soil 
the  sides  of  the  tube;  metallic  arsenic  sublimes,  which  is  recog- 
nised by  the  characters  given  already  in  pages  376,  380. 

The  process  by  arseniuretted  hydrogen  was  first  proposed  by  Mr 
Marsh,  and  has  been  found  of  surprising  delicacy  and  exactness; 
the  liquid  having  been  freed  from  animal  matters,  and  obtained  as 
thin  a  fluid  as  possible  by  either  of  the  processes,  by  chlorine  or 
nitrate  of  silver,  already  described,  it  is  rendered  moderately  acid 
by  muriatic  or  sulphuric  acid,  and  introduced  into  a  flask  or  bottle, 
to  the  neck  of  which  is  adapted  a  narrow  tube  of  hard  glass,  which, 
after  passing  horizontally  for  a  few  inches,  turns  up  and  forms  a 
jet ;  a  piece  of  zinc  being  introduced  into  the  acid  liquor,  hydrogen 
is  evolved,  which  combines  with  any  arsenic  that  may  be  present, 
and,  forming  the  gaseous  arseniuret  of  hydrogen,  passes  ofi".  When 
the  gas  issuing  from  the  jet  is  set  on  fire,  if  the  hydrogen  be  pure, 
no  other  product  is  generated  but  water  j  but  if  a  slight  trace  of 
arsenic  be  present,  the  flame  is  whitish,  and  on  holding. over  the  jet 
a  fragment  of  glass  or  porcelain,  or  a  film  of  mica,  a  deposite  is  pro- 
duced, which  may  be  white  from  arsenious  acid,  or  brown  from  me- 
tallic arsenic,  according  to  the  height  at  whioh  the  plate-  is  held, 
and  the  consequent  completeness  of  the  combustion,  or  the  reverse. 
If  the  quantity  of  arsenic  be  too  small  to  produce  this  effect  in  a  cer- 
tain time,  it  may  be  better  detected  by  igniting  a  portion  of  the  hori 
zonta!  arm  of  the  tube.  All  the  arseniuretted  hydrogen,  in  passing 
that  point,  deposites  its  arsenic,  which  is  carried  a  little  beyond  the 
heated  portion  by  the  current,  and  condenses  there  as  a  distinct 
metallic  film  ;  as  the  tube  may  be  kept  thus  red-hot  for  some  hours, 
the  smallest  trace  of  arsenic  may  be  thus  concentiated  on  a  single 
point,  and  its  properties  accurately  verified. 

Where  the  liquor  is  still  thickish  from  dissolved  organic  matter, 
the  gas  bubbles  would  not  break  rapidly,  but  form  a  froth,  which, 
passing  into  the  tube,  would  prevent  altogether  the  successful  em- 
ployment of  the  methods  just  described.  In  this  case  the  liquid 
should  be  made  so  feebly  acid  as  that  the  gas  shall  be  generated  but 
very  slowly,  and  that  there  shall  be  but  little. hydrogen  in  excess. 
The  tube,  in  place  of  terminating  in  a  jet,  is  to  be  bent  down  so 
that  it  shall  pass  under  the  edge  of  a  jar  in  the  pneumatic  trough, 
and,  the  apjjaratus  being  so  left  for  any  length  of  time,  the  gas 
evolved  may  be  collected  and  subsequently  examined.  Or,  what  is 
perhaps  still  better,  the  tube  may  dip  under  the  surface  of  a  dilute 
solution  of  nitrate  of  silver  or  of  sulphate  of  copper,  and  all  the  ar- 
Beniuretted  hydrogen  being  then  absorbed  and  decomposed,  metallic 
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In  this  mode  of  detecting  the  presence  of  arsenic,  it  is  necessary 
to  avoid  some  sources  of  error,  into  which,  without  previous  knowl- 
edge of  their  existence,  an  operator  might  easily,  fall.  If  the  effer- 
vescence be  rapid,  it  ffequently  happens  that  very  minute  portions 
of  zinc,  or  of  the  salt  of  zinc  generated,  may  be  carried  up  by  the 
stream  of  gas,  and,  being  deposited  opoa  the  plate,  form  a  crust, 
which  might  lead  to  suspicion,  or  perhaps  wrong  conclusions.  This 
may  be  avoided  by  either  moderating  the  effervescence,  or  by  pass- 
ing the  gas,  before  using  it,  through  a  tube  filled  loosely  with  cotton, 
by  which  it  is  filtered,  as  it  were,  and  all  mechanically  diffused 
particles  separated.  Much  more  important  sources  of  error  arise, 
however,  from  the  existence  of  arsenic  in  most  of  the  zinc  and  some 
of  the  sulphuric  acid  of  commerce.  The  ores  of  zinc  occasionally 
contain  orpiment,  which  being  reduced  along  with  the  other  sul- 
phuret,  it  is  necessary  to  distil  the  zinc  in  order  to  have  it  pure, 
and  to  reject  it  as  long  as  it  contains  arsenic.  The  iron  pyrites 
also  occasionally  contains  traces  of  orpinnent,  and  this  passes  into 
the  oil  of  vitriol.  In  employing  this  method,  it  is  necessary,  there- 
fore, to  test  the  purity  of  the  zinc  and  sulphuric  acid  by  the  method 
itself.  A  jet  of  the  hydrogen,  evolved  from  the  zinc  aiid  dilute 
suiphuric  acid  simply,  should  be  burned,  or  the  gas  passed  throutrh 
a  solution  of  ammoaia-nitrate  of  silver  for  a  quarter  of  an  hour.  Ir 
no  trace  of  deposition  of  arsenic  occur,  the  materials  may  be  con- 
sidered as  pure,  and  the  suspected  liquor  may  then  be  employed 
with  confidence  in  the  result. 

A  more  remarkable  source  of  error  arises  from  the  fact  that  the 
compounds  of  antimony  yield,  under  similar  circumstances,  a  pre- 
cisely similar  gas,  aTitimoniur^  of  hydrogen.  It  would  anticipate  too 
much  the  history  of  that  metal  to  enter  into  the  details  of  the  means 
of  distinguishing  that  gas  from  the  arseniuretted,  hydrogen,  but  they 
will  be  fully  described  in  their  proper  place. 

Arsenious  acid  possesses  the  power  of  preventing  the  putrefac- 
tion of  animal  substances,  and  hence  the  bodies  of  persons  that  have 
been  poisoned  by  it  do  not  readily  putrefy..  The  arsenious  acid 
combines  with  the  fatly  and  albuminous  tissues  to  form  solid  com- 
pounds, which  are  not  susceptible  of  alteration  under  ordinary  cir- 
cumstances. It  hence  has  frequently  occurred,  that  the  bodies  of 
persons  poisoned  by  arsenic  have  been  found,  long  after  death, 
scarcely  at  all  decomposed,  and  even  where  the  general  mass  of  tho 
body  had  coinpletely  disappeared,  the  stomach  and  intestines  had 
remained  preserved  by  the  arsenious  acid  which  had  combined  with 
them,  and  by  its  detection  the  crimes  committed  many  years  before 
were  brought  to  light  and  punished.  In  the  cases  where  the  whole 
body  has  been  found  fresh,  it  resulted  from  the  person  having  survi- 
ved for  a  length  of  time  sufficient  forthe  complete  permeation  of  the 
tissues  by  the  absorption  of  the  poison;  in  the  others,  death  had 
occurred  while  it  was  yet  only  in  the  intestinal  tube.  The  absorp- 
tion of  the  arsenious  acid  in  cases  where  death  has  not  been  rapid, 
renders  its  detection  possible  in  all  the  various  organs,  particularly 
where  the  poisoning  has  been  produced,  tiot  by  the  administration 
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of  a  sitig'le  dose,  but  by  frequently  repeated  doses,  each  insiiffitrient 
to  produce  rapid  poisoning.  The  decision  in  such  cases  is  rendered, 
however,  extremely  difficult  by  the  fact,  recently  established,  that 
the  resemblance  of  function,  so  often  alluded  to,  between  arsenic 
nnd  phosphorus,  is  such,  that  the  tatter  element,  which  character 
izes  the  animal  fissurs  by  its  aSmost  constant  presence,  may  be 
replaced  as  a  constituent  of  our  organs  by  arsenic.  Thus,  the 
bones  may  contain  arseniate  of  lime  as  a  substitute  for  some  of 
their  proper  phosphate  of  lime,  and  in  the  phosphoric  salts,  which 
are  found  in  the  biood,  a  similar  replacement  may  occur^  It  is 
certain  that  the  quantity  of  arsenic  thus  found  naturally  replacing 
phosphorus  in  the  body  is  very  small,  but  there  is  no  necessary 
limit  to  its  extent ;  and  although,  in  cases  of  suspected  chronic  poi- 
soning, the  analysis  of  the  organs  might  lead  to  useful  evidence, 
fet  the  discovery  of  arsenic  out  of  the  alimentary  canal  should,  as 
conceive,  not  without  great  caution,  be  considered  as  necessarily 
involving  its  having  been  administered. 

The  sulphuret  of  arsenic  of  commerce,  king^s  yellow,  when  taken 
as  a  poison,  is  recognised  by  its  solubility  in  ammonia,  from  which 
it  is  again  thrown  down  by  an  excess  of  any  acid.  Its  reduction  to 
the  metallic  state  has  been  already  fully  described. 

An  antidote  has  been  recently  discovered  to  the  poisonous  effects 
of  arsenious  acid,  which  is  founded  on  a  very  remarkable  reaction 
When  hydrated  peroxide  of  iron  is  made  into  a  thin  paste  with  so- 
lution of  arsenious  acid,  this  disappears,  being  changed  into  arsenic 
acid,  and  the  iron  into  protoxide,  SFcjOj  and  As. O3  producing  4Fe.O, 
-j-As.Oi-  This  arseniate  of  iron  has  no  action  on  the  system  ;  and 
hence,  in  cases  of  poisoning  by  arsenic,  this  hydrated  peroxide, 
should  he  administered  as  largely  and  as  rapidly  as  possible.  It 
may  be  made  In  a  few  moments  by  adding  carbonate  of  soda  to  any 
salt  of  red  oxide  of  iion  (permuriate,  muriate,  or  acetate  tincture). 
It  need  not  be  washed,  as  the  liquor  contains  only  a  salt  of  soda, 
which  would  be,  if  not  beneficial,  certainly  not  injurious. 

The  preparations  of  arsenic  are  of  very  extensive  use  in  the  arts. 
The  metal  is  used  to  alloy  the  lead  of  which  shot  is  made.  White 
arsenic  is  employed  in  glass-making,  to  prevent  the  deoxidalion  of 
the  oxide  of  lead,  and  the  orpiment  is  employed  to  render  indigo 
soluble  in  some  processes  of  dyeing.     It  has  many  other  less  exten- 

0/  Antimony. 
This  metal  was  first  discovered,  and  its  preparations  introduced 
into  medicine  by  Basil  Valentine,  from  the  unpleasant  results  of 
whose  experiments  upon  his  fellow  monks  it  got  the  name  of  anti- 
moine  ;  its  proper  Latin  name  is  stibium,  and  hence  its  symbol,  Sb. 
Antimony  exists  in  nature,  principally  as  sulphuret,  sometimes  as 
oxide,  and  also  these  two  combined,  forming  the  oxysulphuret,  red 
antimonial  ore.  It  is  from  the  native  siilphuret  that  the  metal  is 
prepared.  The  process  for  obtaining  it  by  means  of  iron  is  no- 
ticed p.  332,  but  it  is  had  purer  by  fusing  the  sulphuret  at  a  bright 
red  heat  with  black  flux.  Sulphuret  of  potassium  and  oxide  of  an- 
timony are  first  formed,  and  this  last  being  decomposed  by  the  ear- 
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bon,  carbonic  oxicle  is  evolved,  and  metallic  antimony  separates; 
this  pi-ouesa  is  farther  detailed  in  p.  334. 

The  aniimony  thus  phtained  is  a  brilliant  white  metal,  of  a  highly 
crystalline  fracture,  and  may  be  obtained  crystallized  in  rhombohe- 
(Irons,  like  those  of  arsenic,  by  fusion,  as  described  in  p.  23  j  its 
specific  gravity  is  6'8 ;  it  melts  at  about  800',  just  below  redness, 
and  may  be  volatilized  by  a  white  heat.  If  heated  violently  in  con- 
tact with  air,  it  takes  fire,  burning  with  a  brilliant  white  ilame,  and 
formiag  antimonioua  acid,  which,  though  not  volatile,  is  carried  up 
by  the  current  of  air,  and  is  deposited  on  the  neighbouring  bodies 
as  a  white  powder,  ^^oujwj  of  antimony.  Antimony  in  powder  lakes 
fire  spontaneously  in  chlorine,  burning  with  a  yellowish  flame  ;  the 
antimony  is  not  oxidized  by  exposure  to  the  air  nor  by  water ;  it 
is  not  acted  on  by  sulphuric  nor  muriatic  acids,  but  is  rapidly  oxi- 
dized by  nitric  acid.  The  symbol  of  antimony  is  Sb. ;  its  equiva- 
lent numbers  are  1613  or  129-2;  it  combines  with  oxygen  in  three 
proportions. 

Oxide  of  Antimony— S'a.O^;  equivalent  1913  or  153'2~-may  be 
prepared  by  adding  to  an  acid  and  boiling  solution  of  chloride  of 
antimony  in  water,  carbonate  of  soda  in  excess.  The  carbonic  acid 
does  not  combine  with  oxide  of  antimony,  which  therefore  precip- 
itates pure ;  it  is  a  white  powder,  not  quite  insoluble  in  water,  and 
becomes  yellowish  when  heated.  If  metallic  antimony  be  burned 
in  a  limited  supply  oi  air,  this  oxide  forms,  and  has  been  obtained 
crystallized  both  in  the  prismatic  and  octohedral  forms  of  arsenious 
acid,  with  which  it  is,  therefore,  isodimorphous ;  both  the  meta!  and 
this  o.tide,  when  ignited  in  a  full  supply  of  air,  produce  antimonioua 

This  oxide  of  antimony  combines  with  acids  to  form  salts  of  very 
little  stability,  but  it  produces  with  the  acid  potash  salts  of  the  veg- 
etable acids,  double  salts  of  remarkable  constitution;  of  these  the 
potash  tartrate  of  antimony  (tartar  emetic)  is  the  most  important ;  it 
also  acts  as  a  feeble  acid  ;  thus,  if  in  its  preparation  caustic  potash 
be  used  to  decompose  the  chloride,  a  granular  white  powder  is  oh- 
tained,  in  which  the  oxide  of  antimony  is  combined  with  potash; 
it  is  on  this  account  called  hypo-antimortious  acid  by  many  chemists. 

Oxysulpkwret  of  Antimony. — Sb.Oa+fiSh.Ss.  This  substance  con- 
stitutes tile  red  ore  of  antimony,  and  may  be  artificially  produced 
by  roasting  the  native  sulphuret  in  contact  with  the  air ;  the  sulphur 
burns  out  as  sulphurous  acid,  and  the  aatiraony  becomes  oxidized  ; 
the  product  generally  contains  an  excess  of  oxide,  which  may  be  dis- 
solved out  by  tartaric  acid,  and  it  is  thus  that  the  basis  for  tartar 
emetic  is  sometimes  prepared  ;  by  continued  roasting,  the  whole  of 
the  sulphur  maybe  expelled,  and  an  impure  oxide  of  antimony  pro- 
duced ;  this,  when  melted,  constitutes  the  glass  of  antimony,  and 
the  oxysulphuret  is  thp  crocus  of  antimony  of  the  older  pharmaco- 
posias. 

Antimonious  Acid.  Peroxide  of  Antimony. — Sb.Oj.  Equivalent 
2013  or  161-2.  This  is  the  raost  stable  compound  of  oxygen  and  an- 
timony; it  is  formed  when  antimony  is  oxidized  freely,  either  by 
combustion  or  by  the  action  of  nitric  acid,  and.  igniting  the  resulting 
powder.  It  is  a  white  powder,  insoluble  in  water  ;  it  is  not  volatile  j 
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it  combines  with  alkalies,  forming  salts  insoluble  in  water,  and  from 
which,  by  a  stronger  acid,  it  is  separated  as  a  hydrate,  Sb.Oj-fH.O, 
This  hydrate  dissolves  in  strong  muriatic  acid. 

^niimonic  Acid Sb-O^.  Equivalent  2113  or  169-2.  This  sub- 
stance is  first  formed  when  metallic  antimony  is  oxidized  by  an  ex- 
cess of  nitric  acid,  and  remains  as  a  pale  yellow  powder,  which, 
when  exposed  to  a  dull  red  heat,  abandons  one  atom  of  oxygen, 
leaving  antimonious  acid,  as  just  described  ;  it  is,  however,  more 
stable  in  combiuation,  and  may  hence  be  prepared  by  deflagrating 
antimony  with  nitre;  when  the  resultinff  mass  is  digested  in  cold 
water,  nitrate  and  nitrite  of  potash  dissolve  out,  and  leave  the  anti- 
mojiiale  of  potash  as  a  white  powder;  this  is  decomposed  by  boiling 
water,  which  dissolves  a  basic  salt,  and  leaves  one  with  an.  excess  of 
acid  behind.  In  its  hydrated  condition,  this  acid  dissolves  in  hy- 
drochloric acid. 

Antimony  and  sulphur  combine  in  three  proportions,  forming  sul- 
phnrets,  which  resemble  completely,  in  constitution,  the  oxygen 
compounds  i  tbey  are  sulphur  acids,  dissolving  in  a  solution  of  the 
alkaline  sulphurets,  and  forming  sulphur  salts. 

Sj(lpAuretofAniimony.-~Sb.S3.  Equivalent  2216-6  or  177-5.  This 
substance  constitutes  the  common  gray  ore  of  antimony,  and  crys- 
tallizes in  the  same  form  as  orpiment,  with  ■which  it  is  frequently 
contaminated  ;  in  its  native  state  it  is  dark  gray,  with  highly  metallic 
lustre,  ciyatalline  in  structure,  and  very  easily  reduced  to  powder; 
it  may  be  prepared  also  by  precipitation  from  a  solution  of  nnv  salt 
of  oxide  of  antimony,  as  the  chloride,  or  tartar  emetic,  by  sulphu- 
retted hydrogen  ;  it  is  then  an  orange  powder,  which  becomes  darker 
on  being  dried,  and  has  the  same  composition  as  the  native  sulplin- 
ret,  with  which  it  becomes  identical  in  appearance  by  fusion.  This 
sulphuret  dissolves  in  alkaline  solutions,  on  which  circumstance  are 
founded  the  various  pharmacopceial  processes  for  its  formation.  It 
has  been  used  in  medicineever  since  the  first  discovery  of  antimony, 
and  in  all  countries ;  the  methods  of  preparation,  and  the  purity  of 
the  products  obtainable,  are,  therefore,  exceedingly  variable. 

When  finely  powdered  sulphuret  of  antimony  is  boiled  in  a  strong 
solution  of  caustic  potash,  it  dissolves,  and  the  liquor  contains  two 
salts  perfectly  similar  to  one  another,  hut  containing,  the  one  sul 
phur  and  the  other  oxygen,  united  to  antimony  and  potassium.  Joi 
one  half  of  each  substance  is  decomposed,  the  oxygen  passing  la 
the  antimony,  and  the  sulphur  to  the  potassium,  so  that  oxide  of  an 
timony  and  sulphuret  of  potassium  result,  and  these  respectively 
combine  with  the  quantities  of  potash  and  sulphuret  of  antimony 
that  had  not  been  altered  ;  in  this  way, 

f  Sb.Sj      3K.0.  1  C   Sb.Sa^  3K.S.  1 

{  and  > produce <  and  V 

I  Sb.S,      3K.0.  )  i  Sb.O;+3K.O.  ) 

When  the  solution  cools,  both  compounds  are  partly  decomposed, 
so  that  a  quantity  of  sulphuret  and  of  oxide  of  antimony  precipitate 
mixed  together ;  and  hence  an  opinion  has  generally  prevailed,  and, 
indeed,  been  supported  by  the  high  authorities  of  Leibig  and  Gay 
Lassac,  that  these  bodies  are  chemically  united  in  the  precipitate 
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60  obtained,  and  that  it  is  an  oxysuiphuret,  identical  in  oonsdtiition 
with  that  already  described.  It  is,  however,  quite  estabJished,  par- 
ticularly by  the  experiments  of  Berzelius  and  H,  Rose,  that  the  ox- 
ide and  the  sulphuret  are  but  mechanicaHy  mixed  ;  under  the  mi- 
croscope, the  former  is  seen  as  brilliant  wliite  crystals,  mixed  ivith 
the  fiae  amorphous  brown  powder  of  the  latter;  and,  besides,  the 
quantity  of  oxide  is  completely  variable,  and  iu  no  case  so  great  as 
the  composition  of  the  true  oxysuiphuret  should  require. 

The  precipitate  thus  obtained  by  cooling  is  generally  of  a  fine 
orange  brown  colour,  tiie  exact  shade  of  which  varies  very  much 
with  the  temperature,  and  the  degree  of  concentration  of  the  liquor. 
It  is  termed  in  pharmacy  kermes  mineral,  from  a  very  remote  analogy 
of  its  colour  to  that  aftbrded  by  the  insect  kermes  (coccus  ilicis), 
which  is  used  as  a  cheap  substitute  for  cochineal. 

After  the  separation  of  the  kermes,  the  liquor,  containing  stil!  the 
sulphur  and  oxygen  salts  above  described,  but  with  a  greater  pro- 
portion of  base,  is  precipitated  by  adding  an  acid  in  excess.  The 
sulphuret  of  potassium  is  decomposed,  and  the  sulphuret  of  anti- 
mony, with  which  it  had  been  combined,  separates;  at  the.  same 
time,  the  sulphuretted  hydrogen,  evolved  from  the  sulphuret  of  po- 
tassium, reacts  on  the  oxide  of  antimony,  converting  it  into  sul- 
phuret. This  precipitate  is  much  lighter-coloured  generally  than 
the  kermes,  and  is  snmetiaies  called  the  golden  sulphuret  of  and' 
moffly,  although  that  name  properly  belongs  to  a  different  substance, 
to  be  described  farther  on.  In  many  cases,  in  place  of  collecting 
the  kermes  and  the  portion  precipitated  by  the  acid  separately  as 
now  described,  the  hot  filtered  liquor  is  added  to  the  acid  before 
the  kertnes  has  had  time  to  separate,  and  the  whole  being  then 
mixed,  assumes  an  intermediate  shade  of  colour,  and  constitutes  the 
brown  sulphuret,  or  orange  sulphuret  of  antimony  of  the  British  phar- 
macoposiaB. 

In  place  of  caustic  potash,  the  native  sulphuret  of  antimony  is 
frequently  boiled  with  carbonate  of  soda.  In  this  case  the  whole 
of  the  carbonic  acid  unites  with  one  half  of  the  soda,  forming  bicar- 
bonate, and  the  other  half  of  the  soda  acts  ivith  the  sulphuret  of 
antimony  precisely  as  if  it  had  been  used  in  the  caustic  state. 

An  important  mode  of  preparing  these  pharmaceutical  substances 
consists  in  fusing  the  materials  together  instead  of  boiling  their  solu- 
tions. Thus  an  excellent  kermes  is  prepared  by  fusing  together 
three  parts  of  native  sulphuret  and  one  of  carbonate  of  potash.  The 
general  reaction  is  the  same  as  described  when  the  materials  were 
dissolved;  the  melted  mass  is  boiled  in  water,  and  the  solution  so 
obtained  treated  as  already  noticed.  Rose  has,  however,  directed 
attention  to  a  circumstance  which,  though  occurring  in  all  cases,  is 
more  marked  in  this  process  than  the  others.  It  is,  that  some  anti- 
mony separates  in  the  metallic  state,  while  another  portion  is 
changed  into  persulphuret ;  thus  SSb.Sj  produces  3Sb.Si,  and  2Sb.  is 
set  free.  The  solution  contains,  therefore,  not  only  the  ordinary 
sulphuret,  but  some  persulphuret  of  antimony,  the  colour  of  which 
is  much  brighter  than  that  of  the  other,  and  it  hence  modifies  the 
tint  of  the  preparation  in  a  variable  manner.  The  persulphuret  car- 
ries down  with  it  also  some  sulphuret  of  potassium,  and  hence  the 
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ordinary  kcrmes  mineral  appears  always  to  contain  traces  of  potash. 
The  quantity  of  persulplmret  of  antimony  present  seldom  exceeds 
two  or  tkree  per  cent. 

Sulpho-antiTnonious  .^ciU^Sb.Sj.  This  substance  is  produced  op 
a  yellow  powder  when  the  solution  of  antimonious  acid  is  decoro' 
posed  by  suJphuretted  hydrogen. 

Sulpho-aniimonic  Acid — Persulphura  of  Antimony,  Sh.S^ — is  obtain- 
ed when  a  solution  of  antimonic  acid  in  muriatic  acid  is  treated 
with  sulphuretted  hydrogen,  it  is  of  a  fine  golden  orange  colour. 
Its  formation  in  the  process  for  kermes  mineral  has  been  already 
explained.  This  is  the  true  golikn  sutphuret.  To  obtain  it  ia  large 
quantity,  as  is  given  in  many  pharmacopceias,  three  parts  of  sul 
phuret  of  antimony  and  one  of  carbonate  of  potash  are  to  be  fused 
with  one  half  part  of  sulphur  j  (his  last  converts  the  antimony  into 
the  persulphuret.  The  fused  mass  is  to  be  dissolved  in  water,  and 
decomposed  by  muiiatic  acid. 

Antimoniuret  of  Hydrogen. — Sb.Ha.  AThen  hydrogen  is  evolved 
in  contact  with  antimony  in  a  nascent  or  finely  divided  state,  ibey 
combine  and  form  a  gas,  which,  in  properties  and  constitution,  has 
a  remarkable  similarity  toarseniuret  of  hydrogen.  The  easiest  mode 
of  effecting  this  is  to  dissolve  zinc  in  dilute  sulphuric  acid  to  which 
tartar  emetic  has  been  added.  The  gas  so  evolved  is  colourless,  in- 
soluble in  water,  has  neither  acid  nor  alkaline  reaction.  It  precip- 
itates the  salts  of  mercury  and  most  metals,  but  not  copper,  by 
which  it  is  distinguished  from  the  arseniuret  of  hydrogen.  Its 
specific  gravity  has  not  been  experimentally  determined  ;  but  if  it  be 
composed,  like  arseniuretted  hydrogen,  of  one  volume  of  metallic 
vapour  and  six  of  hydrogen  condensed  to  four,  it  should  be  4.504-7. 
When  this  gas  burns,  water  is  formed,  and  antimony  deposited, 
either  as  metal  or  as  oxide,  according  to  the  supply  of  oxygen.  It 
hence  superficially  resembles  in  its  combustion  the  gas  containing 
arsenic,  but  it  is  distinguished  readily  by  the  following  characters. 

1st.  The  antimoniuret  of  hydrogen,  when  it  is  decomposed  by 
heating  a  point  of  the  tube  through  which  it  passes  to  redness, 
deposites  the  metal  at  the  heated  part,  while  arsenic  settles  at  a 
certain  distance  beyond,  where  the  tube  is  colder. 

2d.  The  metallic  crust  is  not  volatilized  at  any  temperature  which 
can  be  applied  to  glass. 

3d.  If  the  metallic  scale  he  deposited  on  a  porcelain  plate,  and  ox- 
idized fay  the  outer  flame  of  the  blowpipe,  it  forms  a  powder  yel- 
low while  hot,  but  white  when  cold,  which  is  not  volatilized  by 
any  farther  application  of  the  flame.  Arsenic,  on  the  contrary,  be- 
comes oxidized  only  in  the  act  of  being  vaporized. 

In  certain  cases  of  compound  poisoning,  and  where  tartar  emetic 
has  been  given  as  an  emetic  in  cases  of  poisoning  by  arsenic,  it  is 
possible  that  the  two  metals  may  coexist  in  solution.  In  theje 
cases  they  may  be  separated  by  converting  both  into  the  hydrogen 
compounds,  and  decomposing  the  mixed  gases  by  igniting  the  tube 
through  which  they  pass.  The  antimony  is  deposited  close  to  the 
heated  part,  and  the  arsenic  at  a  little  distance. 

The  detection  of  antimony  is  generally  simple;  in  all  its  combi- 
nations it  is  immediately  recognised  by  the  formation  of  its  com- 
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pound  with  hydrogen  just  described.  In  solution,  in  Ihe  stale  of 
oxide,  it  gives  with  sulphuretted  hydrogen  the  orange  precipitate 
of  sulphuret.  In  the  other  states  of  oxidation  the  precipitates  by 
Bulphuret  of  hydrogen  are  more  yellow,  but  are  all  easily  distinguish- 
ed from  ocpiment  by  not  being  volatile,  and  from  the  bisulphuret 
of  tin  by  yielding  the  nntimoiiiuret  of  hydrogen.  From  the  sul- 
phuret of  cadmium  they  are  known  by  their  solubility  in  hydrosul- 
phuret  of  ammunia. 

Of  Tellurium. 

This  is  one  of  the  rarest  of  the  metals,  and,  although  classilied  with  them,  from  its 
lustre  aaii  power  of  coaductias  eleciricily  aad  heat,  ia  whieh  it  is,  however,  far  ia- 
ferior  Vs  tits  others,  it  ranks  naturally  with  salphor  aad  sBlesiuui,  to  wtiich  last  it 
assimilates  completely  in  lis  properties.  It  exists  in  nature,  native,  and  combined 
with  a  variety  ut  .metals,  gold,  silver,  aatlmony,  lead,  &*:.,  forming  ores  of  very  in 


m  object  with  ehemista  to  require  (tescription  here.  Its  pioperiiea  aad  princi- 
pal compouads  alaae  deserve  attentioa. 

Pare  leUurium  is  silver  white  and  very  brillianL  It  crystallizes  easily  ia  rhom- 
bohedroas.  It  is  brittle  aad  easily  powdered,  lis  sp.  gr.  is  tin.  It  is  about  as  fu- 
sible as  aoUmony,  and  at  a  very  high  temperatare  may  be  volatQized.  Its  vapour 
smells  like  seleniumj  when  heated  in  the  air  it  bums  with  a  bluish  flame,  forming 
tellurons  acid.    It  is  rapidly  oxidized  hj  niulc  acid. 

The  analogy  of  lellarium  to  sulphur  is  very  close.  When  tellurium  is  boiled  in 
a,  slroi^  Eolwion  of  potash,  there  is  formed  tellnrite  of  potash  and  tellurei  of  poias- 
Eium;  butif  tiiis  solution  he  diluted,  the  potassium  reduces  the  tellurous  acid,  and 
the  metal  is  preeipitaied,  potash  being  regenerated.  The  symbol  of  tellurium  is  Te. 
Its  equivaleut  numbers  are  801 'S  and  61'^. 

Tellurium  combines  with  oiygen  in  two  proportions,  forming  telliirous  and  tel- 
luric aeids.  The  former,  teSarons  add,  Te.Oa,  is  prepared  by  decomposing  the  bi- 
chloride of  tehurium  by  water,  Te.Clj  and  SH.O.  producing  aH.Ul.  and  Te.Oj. 
This  last  precipitates  as  a  bulky  white  poivder  cowainlng  combined  water.  Ia  this 
slate  it  is  sensibly  soluble  in  water,  and  reddens  Uimus,  It  dissolves  readily  both 
in  acid  and  alk^ne  solutions,  fomting  compounds  of  a  very  instable  character. 
When  its  solutioa  in  water  is  heated  to  about  110°,  it  deposites  the  tellurous  acid  in 
an  anhydrous  form.  The  water  is  also  expelled  by  a  moderate  heal  Irom  the  hy- 
dxaled  acid  in  powder.  The  anhydrous  acid  thus  obtained  difiers  essentially  from 
the  hydrated  form.  ■  It  is  insoluble  in  water,  in  acids,  and  in  alkalies,  and  has  no 
acid  reaction  whatsoever.  No  sails  of  it  can  be  formed  in  theliumidway;  but  il'il 
be  fused  at  a  red  heat  wilh  earbonalfi  of  potash,  the  carbonic  acid  is  expelled,  and 
tellurite  of  polash  formed,  which  dissolves  ia  water;  from  this  solaiion  the  hydra- 
ted tellurous  acid  is  thrown  down  on  the  addition  of  an  acid. 

BerzeUns  considers  these  remarkable  diSerences  of  properties  as  indicating  an 
isomeric  distinction  between  the  two  acids.  In  a  subsequent  chapter  I  shall  point 
out  the  maimer  in  which  I  believe  sueh  compounds  shoatd  be  viewed. 

TiMtaicA/iid,  Te.Os.  is  prepared  by  deflagrating  lellnrous  acid  with  nitre;  a  sol- 
uble tellurate  of  potash  is  thus  obtamed,  which,  when  mixed  with  nitrate  of  ba- 
lytes,  gives  an  insoiuble  tellurate  of  baryles.  and  thi^  acied  on  by  sulphuric  acid, 
yiehls  sulphate  of  barytes,  and  in  solution  telluric  acid,  which  cr3^tallLzes  in  large 
prisms  containing  three  atoms  of  water.  Of  these,  iwo  are  given  oif  at  212=  P. 
It  does  not  taste  acid,  but  reddens  litmus  slightly.  It  combines  readily  wilh  bases, 
forming  classes  of  sails  containing  one,  two,  and  fonr  equivalents  of  acid.  When 
the  crystallized  telluric  acid  is  heated  to  redness,  ah  its  water  passes  off,  it  becomes 
orange,  and  undei^oes  a  change  of  properli^  like  stannic  acid.  It  becomes  insoln- 
ble  in  water,  in  acids,  and  alkaline  solutions ;  when  very  strongly  heated,  it  gives 
olf  oxygen,  and  tellurous  acid  remains;  but  if  this  anhydrous  acid  be  fused  with 
potash,  the  leUurate  of  potash  which  dissolves  contains  the  acid  ia  ils  hydrated 
state.  These  forms  are  considered  as  being  isomeric,  and  not  identical  bodies; 
their  real  nature  will  be  noticed  hereafier. 

Tellurium  and  hydrogen  combine  to  form  a  gas,  teUuret  of  hydrogen,,  H.Te.,  wEiich 
Ksembles  tn  its  characters  sulphnrei  of  hydrogen,  particularly  in  its  odour;  it  red- 
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dsns  lilmus,  is  soluble  in  waler,  decomposes  tlie  alkalies  and  eorlhs,  forming  solnWu 
tellurels,  and  precipitates  insoluble  tellurets  i'rom  solutions  of  the  older  metuls, 

Telluriuin,  coiabinea  with  sulphur  in  two  propoitions,  forming  sulphureis,  which 
do  not  require  detailed  notice,  lis  comnounds  with  Ihe  metals  resemble  so  com- 
pletely the  metallic  sulphureis  as  to  renaer  a  separate  account  unnecessary.  Thus, 
m  every  case  where  a  metallic  sulphuret  evolves  siilphureiied  hydrogen  gas  with  an 
acid,  [he  telluret  of  the  metal  produces  telluretted  hydrogen,  and  the  meti^ltic  tellu- 
rets are  soluble  or  insoli^le  tu  water,  precisely  as  the  sulphurets  oi'  the  same  metal^ 

Of  Uranium. 

This  metal  exists  in  some  rather  rare  minerals,  particularly  inpechMeade,  combined 
■with  oxygen;  the  processes  for  its  extraction  are  rendered  very  complex  by  ihe 
presence  of  a  great  number  of  other  metak,  and  I  shall  refer,  thereibre,  to  the  sys- 
tematic works  for  the  details  of  its  extraction ;  the  metal  itself  is  easDy  obtained 
pure  by  the  action  of  hydrogen  gas  on  either  of  its  oxides  at  a.  red  heat.  It  is  of  a 
dark  gray  colour, difficultly  JUsible,  specific  gravity  90.  Its  symbol  is  U.,  its  equiv- 
alents are  2711  or  217'3,  being  the  laigest  numbers  Jui  any  ot  the  simple  bodies;  il 
combines  with  oxygen  in.  two  proportions. 

Protoxide  of  UToamm,  U.O.,  is  ohtained  by  decomposing  any  salt  of  uranium  by 
a.  caustic  alkali ;  it  precipitates  as  a  greenish  hydrate,  which  rapidly  becomes  yet 
low,  Ibrming  the  peroxide  by  absorbing  oxygen ;  the  protoxide  of  uranium  is  di»- 
solved  by  an  excess  of  ammonja.  Peroxiae  of  wa/aitan,  U.Oa,  is  Ibrmed  when  the 
protoxide  is  heated  in  air;  it  is  yellow,  and  possesses  some  of  the  characters  of  an 
acid,  uranic  acid;  it  reddens  litmus ;  it^enters  into  combination  as  well  with  alk^ 
lies  as  with  acids ;  the  alkaline  and  earthy  uranates  are  insoluble,  yellow  or  oraDg;» 
coloured.    This  oxide  is  used  to  colour  glass  of  a  fine  lemon  yellow. 

The  sulphurets,  &c.,  of  uranium  are  unimportant. 

SECTION  V. 
METALS   OF   THE   FIFTH   CLASS. 

Of  Copper. 

Copper  is  one  of  the  mast  important  of  the  metals,  and  one,  aJso, 
of  the  most  extensively  diffused  llirough  na.ture.  It  exists  native  in 
veins,  and  frequently  crystallized,  in  forms  belonging  to  the  regular 
system  ;  in  the  state  of  oxide  it  is  found,  both  uncoinbined  and  form- 
ing arsenintes,  phosphates,  carbonates,  and  other  salts,  but  its  most 
abundant  source  is  the  native  sulphuret.  The  ordinary  copper  ore, 
copper  pyrites,  is  a  double  sulphuret  of  copper  and  iron,  CujS.-f  FejSs, 
and  from  this  the  metal  is  extracted  for  the  purposes  of  commerce. 

The  general  processes  for  the  reduction  of  a  metallic  sulphuret 
have  been  already  described  (p.  333),  but,  from  the  composilion  of 
the  copper  ore,  some  additional  management  is  required  ;  there  are 
two  metals  present  in  the  ore,  and  as  neither  is  volatile,  the  product 
after  complete  reduction  should  be,  if  the  process  was  simply  man- 
aged as  for  a  simple  sulphuret,  not  pure  copper,  but  an  alloy  of  one 
equivalent  of  copper  and  two  of  iron  ;  this  is  avoided  by  arresting 
the  process  of  reduction  at  a  certain  stage  ;  the  copper,  having  less 
affinity  for  oxygen  than  the. iron,  assumes  the  metallic  state  first, 
and,  if  it  were  possible  to  work  so  accurately,  the  whole  of  the  cop- 
per might  be  reduced  before  any  iron,  and  this  last  metal  left  alto- 
gether in  the  scoria!  as  oxide  or  silicate ;  but  this  not  being  feasible, 
the  copper  first  obtained  is  rendered  impure  by  tho  presence  of  a 
quantity  of  iron,  and  also  of  sulphur;  this  impure  copper  is  then. 
calcined ;  the  iron  and  sulphur,  being  the  more  combustible  bodies,- 
are  first  oxidized,  and  then  again,  by  otiier  reductions  and  calcina- 
tions, the  copper  is  ultimately  brought  to  a  state  of  complete  purity 
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The  separation  of  the  iron  is  facilitated  by  addin 
of  sand  to  the  calcined  mass  before  the  process 
silicic  acid  unites  exclusively  with  the  oxide  of  ir 
of  iron  not  being  reducible  under  ordinary  circui 
ficntion  of  the  copper  is  more  rapidly  effected. 

Though  the  copper  is  thus  rendered  quife  pur 
care  is  stilt  required  in  these- operations,  in  ordei 
proper  softness,  ductility,  and  tenacity  necessary  i 
ment  of  this  metal  in  the  arts;  thus,  if  it  has  been  too  long  m  con- 
tact with  the  fuel,  il  combines  with  a  small  quantity  of  carbon  ;  if,  on 
the  other  hand,  the  deoxidizing  action  of  the  fuel  be  not  applied  long 
enough,  some  suboxide  remains  undecomposed,  which  dissolves  in 
the  metallic  copper.  In  both  these  cases  the  metal  is  brittle  and 
of  a  bad  grain,  so  as  to  be  unSt  for  many  of  its  uses. 

Copper  is  obtained  also  in  the  metallic  state  by  precipitation  from 
the  water  which  collects  in  the  galleries,  and  shafts  of  copper  mines, 
and  which,  from  the  oxidation  of  the  sulphuret  of  copper,  contains 
sulphate  of  copper  dissolved.  Fragments  of  old  iron  are  thrown 
into  the  reservoirs  in  which  the  drainage  water  of  the  mine  is  col- 
lected, and  by  electro-chemical  action,  as  described  p.  193,  195, 
and  335,  the  iron  is  dissolved  and  the  copper  precipitated  in  irreg- 
ularly crystallized  masses. 

Pure  copper  is  of  a  peculiar  well-known  reddish  colour.  It  is 
very  malleable  and  ductile  j  after  iron,  it  is  the  strongest  of  the  met- 
als. It  crystallizes  by  fusion  in  a  form  which  is  not  the  same  as 
that  found  native,  or  produced  when  the  metal  is  precipitated  from 
its  solutions.  Its  sp.  gr.  is  8-9.  It  is  fusible  at  1996^  It  is  not 
volatile.  In  dry  air  it  is  not  tarnished,  but  in  damp  air  it  gradually 
becomes  covered  with  a  greenish  coating  of  basic  carbonate  of  cop- 
per. When  heated  in  contact  with  air,  copper  combines  rapidly, 
with  oxygen,  and  passes  through  a  variety  of  rainbow  colours,  but 
is  at  last  converted  into  black  oxide,  which  forms  as  scales  npon  its 
surface.  The  series  of  colours  arises  first  from  the  action  of  light 
upon  the  thin  coating  of  oxide,  as  also  happens  in  the  oxidation  of 
iron.  The  generality  of  acids  do  not  act  on  copper  at  ordinary 
temperatures,  unless  in  contact  with  air,  for  the  copper  is  incapable 
of  decomposing  water ;  but  at  the  point  of  contact  with  air,  oxygen 
is  directly  absorbed,  and  the  acid  combines  with  the  oxide  so  gen- 
erated. In  this  way  the  feeblest  acids  may  act  upon  copper,  as  the 
acetic  acid  and  the  acids  contained  in  the  various  fatty  bodies,  and 
the  metal  be  thus  introduced  into  culinary  preparations,  and  so  pro- 
duce poisonous  effects.  The  acids  which  give  off  oxygen  directly 
dissolve  copper,  as  nitric  acid,  with  evolution  of  nitric  oxide.  Strong 
oil  of  vitriol,  also,  when  boiled  on  copper,  gives  sulphate  of  cappei 
and  sulphurous  acid  gas. 

The  symbol  of  copper  is  Cu,,  from  its  Latin  name  ;  its  equivalent 
395-7  or  31-7. 

Copper  combines  with  oxygen  in  two  proportions,  forming  a  sub- 
oxide and  a  protoxide. 

Protoxide  of  Copper.— Ca.O.     Equivalent  495'7  or  39-7.     This  ox- 
ide is  formed  by  exposing  copper,  at  a  red  heat,  to  a  currc 
It  may  also  be  obtained  by  igniting  the  nitrate  of  copper 
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dull  lilack  powder,  which,  by  a  very  hi^li  temperature,  mi.y  be  melt- 
ed, and  crystallizes  on  cooling.  It  dissolves  but  slowly  in  acids, 
forming  the  ordinary  bine  or  green  salts  of  copper.  When  heated, 
even  below  redness,  in  a  stream  of  hydrogen  gas,  it  is  perfectly  re- 
duced, water  being  formed.  It  is  thus  that,  as  described  in  p.  253, 
the  composition  of  water  is  best  determined.  At  a  dull  red  heat, 
this  oxide  is  reduced  completely  by  carbon  and  all  its  compounds, 
carbonic  acid  being  produced.  For  this  reason  it  is  extensively 
employed  in  the  ultimate  analysis  of  organic  substances,  of  which  it 
converts  the  carbon  into  carbonic  acid,  and  the  hydrogen  into  water 
The  metallic  copper  thus  obtained  by  the  reduction  from  the  oxide 
is  a  fine  pinkish-red  powder,  which  has  a  remarkable  affinity  for 
oxygen^  and  is  hence  used  in  the  analysis  of  organic  substances  con- 
taining nitrogen,  to  prevent  the  formation  of  nitrous  or  nitric  oxides. 

When  a  solntion  of  caustic  potash  is  added  in  excess  to  a  solu- 
tion of  a  salt  of  copper,  the  protoxide  is  thrown  down  as  a  hydrate, 
Cu.O.  .  H.O.  It  is  a  fine  blue  powder,  which  is  decomposed  by  a 
very  gentle  heat,  so  that  even  if  a  liquor  containing  it  be  boiled,  it 
becomes  brown  and  anhydrous,  though  in  the  midst  of  water.  It  is 
hence  that,  if  the  solution  of  copper  be  added  to  a  boiling  solution 
of  potash,  the  precipitate  is  the  dark  brown  anhydrous  oxide,  which, 
however,  obstinately  retains  a  little  potash. 

Suboxide  of  Copper.— Cu^O.  Equiva!ent891-4or  714.  Thisbody 
exists  native,  constituting  the  ruby  copper  ore,  and  may  be  prepared 
artificially  by  igniting  a  mixture  of  five  parts  of  black  oxide  of  cop- 
per and  four  of  copper  tilings ;  half  of  the  oxygen  of  the  former 
passes  to  the  latter,  and  the  whole  becomes  suboxide.  It  is  like- 
wise made  by  fusing  together  three  parts  of  subchloride  of  copper 
and  two  of  dry  carbonate  of  soda ;  chloride  of  sodium  and  suboxide 
of  copper  result,  Cu.Cl.  and  Na.O.  giving  Cu^O.  and  Na.Cl.,  while 
the  carbonic  acid  is  given  off^.  This  suboxide  of  copper  is  a  red- 
diah-brown  powder,  which  is  much  less  acted  on  by  moist  air  than 
pure  copper  ;  and  hence,  under  ordinary,  circumstances,  when  cop- 
per becomes  brown  by  being,  coaled  with  this  oxide,  the  action 
ceases.  Articles  of  copper  are  thus  coaled  intentionally,  for  the 
purpose  of  preserving  their  surface,  by  covering  them  with  a  paste 
of  red  oxide  of  iron,  which,  when  heated,  is  thus  reduced  to  the 
state  of  protoxide,  2Cu.  and  FeA  giving  CuiO.  and  2Fe.O. ;  this 
last  is  then  removed  by  digestion  in  a  boiling  solution  of  acetate 
of  copper. 

The  generality  of  acids  decompose  the  suboxide  of  copper  into 
metallic  copper,  and  the  black  oxide  with  which  the  acid  combines ; 
but,  besides  the  subchloride  of  copper,  several  of  its  salts  may  be 
formed  by  the  action  of  deoxidizing  agents  on  the  salts  of  the  black 
oxide  ;  thus  sulphurous  acid  converts  the  hydrate  of  the  black  oxide 
into  sulphate  of  the  suboxide,  S.Oj  and  2Cu.O.  producing  S,0,+ 
CUiO.  From  the  solution  of  this  salt,  a  fine  orange  hydrate  of  the 
red  oxide  is  thrown  down  by  the  caustic  alkalies.  Protochloride 
of  tin  and  protosulphate  of  iron  also  reduce  the  salts  of  copper  to 
this  state  of  oxidation. 

Sulphur  combines  with  copper  in  two  proportions,  forming  buI- 
phurets  equivalent  to  the  oxides  just  described  j  they  are  both  found 
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native,  and  constitute,  particularly  the  siibsulphuret,  important  ores 
of  copper.  They  may  be  prepared  artificially  by  fusing  together 
sulphur  and  metallic  copper;  the  union  takes  place  with  brilliant 
combustion.  If  some  sulphur  be  placed  iu  a  finsk,  and  heat  be  appli- 
ed so  as  to  fill  the  flask  with  the  vapour  of  sulphur,  a  thin  copper 
wire  dipped  in  it  burns,  as  iron  does  in  oxygen,  forming  the  subsul-  . 
phuvet;  these  bodies  are  not  of  importance,  except  as  the  great 
sources  of  metallic  copper. 

The  siilphurets  of  copper  may  also  be  formed  by  precipitating  the 
sails  of  copper  with  suiphuretted  hydrogen ;  a  deep  brown  powder  is 
produced,  which  is  CujS.  or  Cu.S.,  accopding  as  the  solution  contain- 
ed the  suboxide  or  the  protoxide  of  the  metal. 

The  detection  of  copper  in  solution  is  very  simple  ;  the  salts  of 
the  black  oxide  are  generally  green  or  blue ;  on  the  addition  of  am- 
monia, a  precipitate  is  produced,  bluish  or  green,  according  to  the 
acid  with  which  the  oxide  had  been  combined,  but  in  all  cases  pro- 
ducing with  an  excess  of  the  ammonia  a  deep  violet-coloured  solu- 
tion. The  only  metal  which  reaemblea  copper  in  this  respect  is 
nickel,  and  from  it,  it  is  distinguished  by  all  its  other  properties, 
particularly  by  the  yellow  prussiate  of  potash,  which  produces  a  fine 
chocolate  brown  precipitate  of  ferrocyanide  of  copper.  With  sul- 
phuret  of  hydrogen,  the  salts  of  copper  give  a  dark  brown  sulphuret, 
insoluble  in  hydrosulphuret  of  ammonia ;  and  when  a  slip  of  clean 
iron  or  zinc  is  introduced  into  a  liquor  containing  copper,  this  is  re- 
duced, and  deposited  upon  the  surface  of  the  zinc  or  iron  as  a  bright 
coating  of  metallic  copper. 

When  the  copper  esists  as  suboxide,  its  reactions  are  very  differ 
ent;  it  gives,  with  ammonia,  a  white  precipitate,  which  redissolves 
in  an  excess,  forming  a  colourless  liquor  ;  if  there  be  no  excess  of 
acid,  chloride  of  sodium  gives  a  white  precipitate  of  subehioride  of 
■copper.  But  in  practice  it  is  never  necessary  to  look  for  copper  by 
these  reactions,  the  salts  of  the  suboxide  absorbing  oxygen  with 
such  avidity,  that  by  a  few  minutes'  exposure  to  the  air  their  con- 
stitution changes.  The  colourless  solution  of  suboxide  of  copper  in 
ammonia  becomes  violet  blue  in  the  act  of  pouring  it  from  one  bot- 
tle to  another;  and  hence,  for  the  mere  detection  of  copper,  the 
properties  of  the  protoxide  alone  need  be  taken  into  account. 

Like  the  oxides  of  cobalt  and  nickel,  the  oxides  of  copper  are  not, 
by  themselves,  soluble  in  water  of  ammonia.  The  solutions  of  these 
metallic  compounds  in  water  of  ammonia  are  basic  salts,  to  the  con- 
stitution of  which  the  acid,  with  which  the  metallic  oxide  had  been 
originally  combined,  is  necessary.  ,The  detailed  nature  of  these 
bodies  will  be  noticed  among  the  compounds  of  ammonia. 

The  detection  of  copper  by  the  blowpipe  is  very  simple  and  dis- 
tinct. Fused  with  borax,  a  substance  containing  the  most  minute 
trace  of  copper  gives  a  glass,  which,  when  heated  in  the  oxidizing 
flame,  becomes  green,  being  coloured  by  the  protoxide  j  but  when 
ignited  in  the  reducing  flame  and  suddenly  cooled,  is  deep  ruby 
red,  generally  opaque.  This  change  of  colour  arises  from  the  cop- 
per being  reduced  to  the  state  of  suboxide  The  colour  given  to 
glass  by  this  suboxide  is  a  pure  prismatic  red,  so  homogeneous  that 
red  light  may  be  obtained  for  optical  experiments  by  transmitting 
O  s  u 
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white  light  through  this  coloured  glass,  and  the  tint  is  so  fine  that 
this  ruby  glass  is  the  most  valuable  that  can  be  used  for  ornamental 
purposes. 

The  salts  of  copper  generally  tinge  the  flame  of  the  blowpipe 
blue  or  green,  according  to  the  other  bodies  that  may  be  present. 

Independent  of  the  direct  employment  of  copper  in  the  arts,  for 
which  its  properties  eminently  qualify  it,  it  enters  into  the  compo- 
sition of  a  great  number  of  alloys  of  great  importance.  Thus  bronze, 
formerly  used  as  a  substitute  for  steel,  and  still  employed  in  the 
casting  of  statues  and  montiments,  from  the  accuracy  with  which  it 
adapts  itself  to  the  mould,  and  its  durability,  consists  of  ninety  parts 
of  copper  and  tea  of  tin  in  100.  It  is  curious,  that  from  the  very 
earliest  ages,  this,  which  is  still  the  best  proportion,  should  have  been 
employed;  the  bronze  swords  from  ancient  Egypt,  from  Scandina- 
via, and  those  found  in  Ir^eland,  having  all  tbisconstitution.  Gun 
melal,  or  that  of  which  cannons  are  cast,  is  an  inferior  kind  of  bronze, 
containing  somewhat  less  tin. 

The  elasticity  and  sonorousness  of  these  alloys  are  very  remark- 
able. That  used  for  bells,  Ml  melal,  consists  of  80  parts  of  copper 
and  20  of  tin.     The  Indian  goTigs  have  this  composition,  but  com- 

In  the  proportion  of  two  parts  of  copper  to  one  of  tin,  or,  mote 
accurately,  of  four  atoms  of  copper  to  one  of  tin,  127  to  59,  an 
-alloy  is  formed  of  exceeding  brittleness  and  hardness,  and  so  brill- 
iant, wlien  truly  polished,  as  to  be  used  for  the  mirror  surface  in 
reflecting  telescopes ;  it  is  hence  called  speculum  metal.  The  quality 
of  this  alloy  is  remarkably  deteriorated  by  a  slight  deviation  to  ei- 
ther side  of  the  true  atomic  proportions. 

The  alloys  of  zinc  and  copper  are  very  numerous  and  important, 
constituting  the  different  varieties  of  brass.  The  best  brass  consists 
of  four  atoms  of  copper  to  one  of  zinc ;  but,  by  changing  the  pro- 
portions of  the  metals,  a  variety  of  shades  of  gold  lustre,  used  in 
counterfeit  jewelry,  are  obtained.  In  the  proportion  of  equal  parts 
of  copper  and  zinc,  hard  solder  is  produced;  this  is  used  in  solder- 
ing together  surfaces  of  brass  and  copper. 
Of  Lead. 

This  metal  exists  in  nature,  very  extensively  diffused,  and  in  a 
great  variety  of  forms.  The  sulphate,  phosphate,  arseniate,  car- 
bonate, and  chloride  of  lead  are  found  native;  but  it  is  exclusively 
from  the  sulphuret  of  lead,  galena,  that  the  metal  is  extracted  for 
the  purposes  of  commerce.  The  methods  used  in  its  reduction 
have  been  very  fully  described  in  the  preceding  chapter,  p.  334. 

Lead  is  one  of  the  softest  and  least  tenacious  of  the  metals  ;  it  is 
bluish  white,  and  very  brilliant,  but  rapidly  tarnishes  in  .the  air,  be- 
coming covered  with  a  grayish  coating,  beyond  which  the  action 
does  not  appear  to  extend;  its  specific  gravity  is  H'ii  ;  it  melts  at 
612',  and  in  solidifying  diminishes  in  volume,  so  that  it  is  unlit  for 
accurate  castings  ;  it  may,  however,  be  obtained,  by  fusion,  crystal- 
lized in  octobedrons ;  it  is  not  volatile;  it  is  not  sensibly  acted  on 
by  muriatic  nor  sulphuric  acids,  except  at  very  high  temperatures, 
but  by  nitric  acid  it  is  rapidly  oxidized  and  dissolved. 
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When  lead  is  exposed  nt  the  same  time  to  air  and  moisture,  its 
oxidation  proceeds  with  great  rapidity,  so  as  to  be  used  to  analyze 
atmospheric  air  (p.  2W).  The  oxide  so  formed  is  not  quite  insolu- 
ble, ao  that  when  pure  water,  rain,  or  even  common  soft  water  is 
preserved  in  leaden  cisterns,  an  impregnation  with  lead  may  occur 
in  such  ^amount  as  to  produce  dangerous  conseqiieuces,  if  employed 
habitually  as  a  drink.  Fortunately,  this  is  obviated,  in  general,  by 
tbe  small  quantities  of  saline  matters,  particularly  sulphates,  wliich 
all  ordinary  spring  and  river  waters  contain.  These  react  on  the 
oside.of  lead,  and,  forming  compounds  totally  insoluble  in  water,  re- 
move all  traces  of  it  from  solution.  A  whitish  cru«t  gradually  forms 
on  the  interior  of  the  cistern,  and  assists,  subsequently,  in  protecting 
it  from  the  oxidiaing  action  of  the  air;  no  danger  is  tiierefore  to 
be  apprehended  from  the  supply  of  water  to  a  city  being  conveyed 
through  leaden  pipes,  and  preserved  in  leaden  cisterns ;  for  all  water 
of  mineral  origin  dissolves,  in  filtering  through  the  layers  of  rocks 
in  its  passage  to  the  surface,  a  sufficiency  of  saline  matters  to  servo 
for  its  protection. 

The  symbol  of  lead  is  Ph.,  from  its  Latin  name  ;  its  equivalent  is 
I294-5  or  103-7.  It  combines  with  oxygen  in  two  proportions, 
forming  osides,  which,  again  uniting,  form  an  intermediate  complex 
oxide. 

Protoxide  of  Lead.— Fh.O.  Equivalent  13945  or  111-7.  This 
may  he  prepared  by  exposing  metallic  lead  at  a  red  heat  to  a  cur- 
rent of  air;  the  lead  rapidly  combines  with  oxygen,  and  the  oxide 
BO  produced  fuses.  It  forms,  on  cooling,  crystalline  masses  of  a 
greenish-yellow  colour ;  this  constitutes  the  litharge  of  commerce, 
which  is  generally  obtained  in  the  cupellation  of  lead  for  the  pur- 
pose of  extracting  from  it  the  small  quantity  of  silver  which  its  ores 
generally  contain.  When  the  litharge  is  kept  for  some  time,  the 
masses  of  it  break  up  into  a  brjck-red  crystalline  powder,  evolving 
heat.  This  change  is  technically  termed  slacking,  but  it  is  not  due, 
like  tbe  slacking  of  lime,  to  combination  with  water,  bnt  to  a  change 
of  the  crystalline  form  of  the  litharge.  The  yellow  form  appears 
to  be  more  permanent  if  the  lead  be  oxidized  nt  a  lower  temperature, 
and,  when  powdered,  was  once  used  aa  a  yellow  pigment  under  the 
name  ot  massicot.  This  may  be  produced  of  the  richest  colour  by 
decomposing  tbe  subnitrate  of  lead  at  a  temperature  insufficient  for 
the  fusion  of  the  oxide. 

This  oxide  may  also  be  prepared  by  decomposing  a  soluble  salt 
of  lead  by  caustic  potash ;  a  white  precipitate  is  produced,  which  is 
a  hydrate  of  the  oxide,  2Pb,  +  H.O.;  by  a  great  excess  of  caustic  pot- 
ash the  precipitate  may  be  redissolved.  The  oxide  of  lead  appears 
to  have  the  power  of  uniting  with  most  of  the  alkalies  and  earths 
to  form  compounds  more  or  leas  soluble.  A  body  of  this  kind,  form- 
ed by  boiling  lime  and  litharge  together,  is  capable  of  crystallizing, 
and. is  used  to  dye  the  hair  black.  The  hair  contains  sulphur,  and 
a  black  sulphuret  of  leadforras  in  its  substance,  and  is  not  liable  to 
change.  The  protoxide  of  lead  requires  12,000  parts  of  water  to 
dissolve  it  ;  the  solution  reacts  feebly  alkaline  ;  it  is  a  strong  base, 
and  the  only  oxide  of  lead  which  combines  with  acids. 

Peroxide  of  Lead,  Pb.Oj,  is  obtained  by  digesting  the  protoxide 
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in  clilorine  water,  or  in  a  solution  of  chloride  of  lime.  In  (he  first 
case,  2Pb.O.  and  CI.  produce  Pb.O,  and  Pb.OI.  In  the  second  case, 
Pb.O.  and  Ca.O.Cl.  produce  Pb.O;  and  Ca.CJ. ;  another  simple  plan 
consists  in  beating  red  lead,  which  is  a  connpovind  of  the  protoxide 
and  the  peroxide,  with  dilute  nitric  acid,  until  all  the  protoxide  is 
dissolved  out,  washing  the  residue  well,  and  drying  it  at  a  moderate 
heat.  The  peroxide  so  obtained  is  of  a  dull  dark  brown  colour; 
when  heated  it  gives  off  liaif  its  oxygen,  leaving  litharge.  With 
muriatic  acid  it  ptodu'ces  chlo^i^e  and  protochloride  of  lead,  and 
with  sulphurous  acid,  which  it  rapidly  absorbs,  neutral  wbite  sul- 
phate of  lead,  Pb.Oj  and  S.O^  producing  Pb.O.  +  S.Oa.  This  oxide 
of  lead  does  not  form  salts. 

The  Red  Lead,  or  Minium,  PbA^^Pb.O.-f  Pb.Oj,  is  produced 
when  lead  is  oxidized,  so  that  the  oxide  formed  shall  not  be  fused, 
and  when  the  metal  is  all  converted  into  the  yellow  powder,  increas- 
ing the  heat  to  incipient  redness.  Oxygen  continues  to  be  absorbed 
until  one  third  of  the  metal  is  converted  into  peroxide,  giving  the 
constitution  above  expressed.  This  is  the  pure  red  lead,  the  colour 
of  which  is  exceedingly  brilliant ;  but  the  generality  of  red  lead 
found  in  commerce  contains  an  excess  of  protoxide,  which  may  he 
iremoved  by  boiling  in  a  solution  of  neutral  acetate  of  lead. 

When  red  lead  is  ignited,  it  gives  olF  oxygen  and  becomes  pro- 
toxide ;  with  muriatic  acid  it  forms  protochloride  and  chlorine.  It 
does  not  form  any  proper  salts,  but  it  dissolve 
pletely,  giving  a  colourless  liquor, 
peroxide  of  lead  separates. 

It  is  probable  that  there  exist  other  oxides  of  lead  ;  thus  the  gray 
coating  which  forms  on  lead  exposed  to  the  air  is  looked  upon  by 
many  chemists  as  a  suboxide  ;  and  on  heating*  oxalate  of  lead  to  low 
redness,  a  gray  powder  is  obtained  of  a  similar  nature,  and  yields, 
on  analysis,  the  formula  Pb^O.  In  general,  these  bodies  have  been 
considered  as  mixtures  of  the  metal  in  powder  with  the  real  pro- 
toxide; but  I  think  the  evidence  of  their  definite  constitution  very 
strong. 

From  the  similarity  of  the  formula  of  red  lead,  Pb^Oj,  to  those  of 
the  black  oxide  of  iron,  FejOj,  and  of  the  red  oxide  of  manganese, 
MugOj,  it  has  been  suggested  that  it  may  contain  sesqnioxide  of  lead, 
Pb.Oa,  similar  to  FejO,  and  MnjOs.  The  formula  of  red  lead  should 
then  become  Pb.O.+PbjOj ;  hut  this  idea,  though  interesting,  is  only 
hypothetical. 

Sulphuret  of  Lead. — There  is  but  one  compoimd  of  sulphur  and 
lead,  the  protosutphuret,  Pb.S.  It  constitutes  the  abundant  lead 
ore,  galena,  and  may  be  formed  artificially,  either  by  fusing  together 
lead  and  sulphur,  or  by  decomposing  a  solution  of  a  salt  of  lead  by 
sulphuretted  hydrogen  gas  or  hydrosulphuret  of  ammonia  It  is 
then  a  black  powder,  insoluble  in  water,  and  in  alkalies,  and  dilute 
acids.  It  is  rapidly  oxidized  by  nitric  acid,  being  converted  into 
sulphate  of  lead.  From  the  perfect  insolubility  and  marked  colour 
of  this  sulphuret,  a  salt  of  lead  and  sulphuretted  hydrogen  are  re- 
spectively the  most  delicate  reagents  for  each  other. 

There  are  some  indications  of  the  existence  of  other  eulphnrets 
of  lead,  which,  however,  do  not  require  special  notice.     If  a  salt  of 
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lead  be  decomposed  by  bisulphiiret  of  calciura,  a  red  precipitate  ap- 
pears, possibly  a  bisulphuret  of  had,  analogous  to  die  deiUoxide,  and 
galeoa  may  be  fused  with  metallic  lead,  forming  a  homogeneous 
mass,  in  which,  probably,  subsulphurels  are  contained. 

Tile  detection  of  lead  is  simpliHed  very  much  by  its  forming  but 
one  series  of  salts,  those  of  the  protoxide.  Its  solutions  are  recog- 
nised by  giving,  with  caustic  potash,  a  white  precipitate,  soluble  iw 
excess;  with  carbonate  of  potash,  one  also  white,  but  insoluble  ii. 
excess;  with  sulphuretted  hydrogen,  one  dark  brown  or  black, 
whose  characters  are  described  above;  with  a  soliition  of  bichro- 
mate of  potash,  the  salts  of  lead  produce  a  fine  yellow  precipitate, 
chrome  yellow  ;  and  with  iodide  of  potassium,  the  iodide  of  lead,  in 
brilliant  yellow  scales,  like  fragments  of  gold  leaf.  Yellow  priissiate 
of  potash  gives  a  white  precipitate,  and  sulphate  of  soda  a  white 
sulphate  of  lead,  insoluble  in  water,  but  not  insoluble  in  acids.  If 
the  solution  contain  much  lead,  any  soluble  chloride  throws  down 
sparingly  soluble  chloride  of  lead,  which,  however,  remains  dissolv- 
ed, if  the  solution  be  dilute. 

Lead  and  its  preparations  are  of  the  most  extensive  use  in  the  arts. 
In  making  pipes  and  cisterns,  sulphuric  acid  chambers,  bullets,  and 
a  variety  of  other  purposes,  the  metal  is  employed  unaltered ;  and 
its  alloys  are  also  of  important  application.  Thus  the  metal  of  which 
printing  types  are  made  consists  of  three  parts  of  lead  to  one  of 
antimony.  The  inferior  sorts  of  pewter  are  alloys  of  lead  and  tin, 
but  the  fine  kinds  should  be  tin  with  very  little  lead,  and  some  anti- 
mony and  bismuth.  The  solder  used  for  soldering  surfaces  of  lead, 
or  of  tinned  iron,  to  each  other,  consists  of  lead  and  tin,  the  propor- 
tions of  which  vary  from  two  parts  of  tin  and  one  of  lead,  to  three 
parts  of  lead  and  one  of  tin,  according  to  the  object.  The  more  tin 
the  alloy  contains,  the  more  fusible  it  is.  Fine  solder  fuses  at  3IJ0' 
coarse  solder  at  500^. 

Of  Bismuth. 
Bismuth  is  not  a  common  metal.  It  is  found  hut  in  a  fewplaceg, 
and  only  in  the  metallic  state  in  quantity,  for  the  aulphuret  of  bis- 
muth is  too  rare  to  he  of  technical  interest.  It  is  extracted  from 
the  rocks  through  which  it  is  disseminated  by  reducing  them  to 
coarse  powde>,  and  igniting  this  in  a  kind  of  kiln  ;  the  bismuth,  being 
very  fusible,  melts  out,  and  collects  at  the  bottom  in  a  trough  pla- 
it is  a  white  metal,  with  a  peculiar  reddish  shade,  and  remarkably 
crystalline  structure.  It  may  be  obtained  in  separate  crystals  of 
considerable  size,  which  aie  cubes,  generally  hollow  at  the  sides. 
To  obtain  good  crystals,  the  metal  should  be  perfectly  pure  ;  this 
is  effected  by  deflagrating  some  nitre  on  the  surface  of  the  melted 
metal;  the  impurities  are  more  easily  oxidized  than  the  bismuth,  and 
hence  pass  into  the  scorise  which  form  on  the  surface.  The  crys- 
tals so  obtained  have  frequently  beautiful  rainbow  tints  on  their  sur- 
face, from  an  exceedingly  thin  layer  of  oxide  a{  bismuth  by  which 
they  become  coated. 

Bismuth  is  very  brittle  and  easily  oxidized.  It  is  scarcely  acted 
on  by  sulphuric  or  muriatic  acid,  but  it  decomposes  nitric  acid  vio- 
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lenlly,  e¥oh-ing  nitric  oxide,  and  forming  oxide  of  bismuth,  with 
wliicli  the  nitric  acid  combines.  It  fuses  at  497-',  is  voiatiie  at  a  nhite 
heat,  and  then  bums  with  a  bluish-white  ilame.     Its  sp.  gr.  is  9'd. 

The  symbol  of  bismuth  is  Bi.  Concerning  its  equii'alent,  there  is 
fiome  doubt  at  present  as  to  whether  it  should  be  ,886'9,  or  three 
times  so  much,  2660-7,  on  the  oxygen  scale,  and  hence  71-1,  or 
213*3,  on  the  hydrogen  scale. 

The  first  number  assumed  would  mate  ihe  oxi6e  of  bismuth  a,  protoiide,  Bi.O., 
Ihe  last  a  (eioxide,  BLOa.  The  grouad  upon  which  Ihe  former  view  siands  is  the 
supposed  similarity  uf  sane  salts  of  bismuth  to  those  ol  magnesia,  and  the  procoxide 
of  copper,  but  recent  examination  has  gone  lo  show  that  this  aaalogy  is  not  at  all 
so  strong  as  hod  been  supposed,  mid  that  their  diiference  Is  more  remarkable  tlian 
their  resemblance.  On  tht;  other  hand,  the  sulphuret  of  bismuth  ia  isomorphou- 
■  '    '         '  '  "  ny  and  arsenic,  and  the  equivalent  deduced  from  th 

»  with  those  tor  arsenic  and  antimony,  and  assign 
impounds  of  the  three.  The  salts  of  tHeoiide  of  bis- 
muth are  exceedit^ly  instable,  and,  like  those  of  antimony,  are  decomposed  by  wa- 
ter, so  thai,  while  it  allies  itself  to  that  metal  in  every  importsnt  point  of  physical 
and  chemical  characteis,  it  recedes  in  alltheimponantfaetsof  its  history  (rom  cop- 
per, iron,  zinc,  and  the  other  metals  of  the  magnesian  class.  I  therefore  tliink 
tliese  are  sufficient  grounds  for  abandoning  the  numbers  83IJ-9  and  7l'l,  given  in  tlie 
tiible,  p.  305,  and  to  assume  2G00-7  and  313-3,  as  the  equivaienls  of  bismuth  on  the 
oitygen  and  hydrogen  scales  respectively, 

Oxide  of  Bismuth— Bi.O,;  equivalent  2960-7  or  237-3— -may  be 
prepared  by  the  combustion  of  bismuth  at  a  high  temperature,  or  by 
the  ignition  of  the  subnJtrate  of  biEinnlh.  It  is  a  buff-coloured  pow- 
der, which  may  be  melted.  It  combines  with  acids  to  form  well- 
characterized  salts. 

The  Superoxide  of  Bismiak,  Bi.O,,  is  prepared  by  boiling  finely- 
ievigated  oxide  of  bismuth  in  a  solution  of  chloride  of  soda.  A  fine 
brown  powder  is  produced,  which  is  freed  with  great  difficiiUy  from 
admixed  unahered  oxide.  When  heated  to  dull  redness  it  is  decom- 
posed into  oxj'gen  and  oxide  of  bismuth  ;  with  muriatic  acid  it  gives 
chlorine  and  ordinary  chloride  of  bismuth.  Its  composition  was 
supposed  to  corroborate  the  idea  that  the  yellow  oxide  was  a  pro- 
toxide, for  on  that  idea  this  would  be  a  ses'quioxide,  BiA,  like  the 
sesquioxides  of  cobalt  and  nickel,  which  it  resembles  so  much  in 
properties;  but  the  formula,  Bi-O^,  agrees  as  well  with  the  analyti- 
cal results,  and  I  look  upon  it  as  corresponding  to  antimonic  acid. 

SulpAuret  ofBismtuA,  Bi.Sj,  exists  native,  in  crystais  isomorphous 
with  the  sulphurets  of  antimony  and  arsenic.  It  may  be  prepared 
by  fusing  bismuth  and  sulphur  together,  or  by  adding  sulphuretted 
hydrogen  to  a  solution  of  a  salt  of  bismuth :  it  then  precipitates  as 
a  btown  powder.     It  is  insoluble  in  water  and  in  hydrosulphuret 

Bismuth  is  easily  known  by  its  solutions  being  precipitated  brown 
by  sulphuretted  hydrogen  and  by  iodide  of  potassium,  and  yellow 
by  chromate  of  potash.  The  caustic  and  carbonated  alkalies  pro- 
duce a  white  precipitate  of  hydrated  oxide  of  bismuth,  which  is  in- 
solubie  in  excess.  A  strong  solution  of  a  salt  of  bismuth  is  decom- 
posed by  (he  addition  of  water,  whereby  a  white  basic  salt  is  pre- 
cipilwtcd,  and  the  liq.uor  contains  free  acid. 

Bismuth  is  extensively  employed  for  some  purposes  in  tiie  arts. 
The  alloy  used  for  casting  stereotype  pliites  consists  of  tin,  lead, 
and  bismuth  ;  and  by  increasing  the  quantity  of  bismuth,  the  fusibil 
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ityof  this  alloy  becomes  so  great,  that  a  compound  of  two  parts  of 
bismuth,  one  of  tin,  and  one  of  lead,  fuses  at  20^.  This  is  the  fu- 
sible meta!  used  for  the  bath  in  taking  the  specific  gravities  of  va- 
pours, as  described  p.  14,  and  for  supplying  a  steady  source  of 
heat  for  other  purposes. 

SECTION  VI. 

METALS    OF    THE    SIXTH    CLASS. 

Of  Silver. 

This  metal  exists  native,  and  in  the  state  of  sulpburet,  in  a  great 
variety  of  places ;  and  from  the  facility  with  M'hich  it  may  be  ex- 
tracted, and  the  permanence  of  its  lustre,  it  became  known  at  a  very 
early  period.  The  principal  sources  of  silver  are  the  mines  of 
South  America ;  in  Europe,  those  of  Saxony  are  the  most  remark- 
able. A  great  deal  of  silver  is  also  obtained  from  the  ores  of  lead, 
the  sulpburet  of  lead  being  generally  accompanied  by  the  suiphuret- 
of  silver  in  small  quantity. 

The  native  silver  of  America  exists,  generally  speaking,  too  fine- 
ly disseminated  to  be  simply  melted  out.  It  is  washed  out  by  mer- 
cury, this  fluid  metal  dissolving  the  silver,  and  being  then  distilled 
off,  leaves  the  precious  metal  behind.  A  very  remarkable  process 
is  used  to  extract  the  silver  from  the  sulpburet.  This  ore  is  roast- 
ed in  a  reverberatory  furnace  with  chloride  of  sodium,  by  which 
chloride  of  silver  and  sulpburet  of  sodium  are  formed,  Ag.S.  and 
Na.C].- giving  Ag.CI.  and  Na.S.  This  last  is  washed  out,  and  then 
the  chloride  of  silver  being  put  into  barrels  with  some  water,  pieces 
of  iron,  and  mercury,  the  iron  decomposes  the  chloride  of  silver, 
forming  chloride  of  iron  and  setting  the  silver  free,  and  this  dis- 
solves in  the  mercury,  forming  a  fluid  amalgam  ;  this  is  strained 
through  leather  bags,  by  which  a  great  part  of  the  mercury  passes 
off,  and  a  pulpy  mass  of  amalgam  of  silver  is  obtained,  which  is  then 
submitted  to  distillation,  by  which  the  mercury  is  separated,  and  the, 
silver  remains  pure. 

The  method  of  extraction  of  the  silver  which  accompanies  the 
lead,  in  galena,  is  founded  on  the  greater  rapidity  with  which  lead 
combines  vfith  oxygen.  In  the  smelting  of  the  ore,  the  silver  is  re- 
duced with  the  lead,  and  the  resulting  impure  metal  is  melted  in  a 
shallow  porous  dish  made  of  bone  ashes,  and  when  at  a  full  red  heat 
a -current  of  air  is  urged  across  it  from  powerful  bellows.  The  lead 
becomes  converted  into  litharge,  as  described  in  p.  395,  and  new 
coatings  of  oxide  of  lead  succeed  one  another  upon  the  surface, 
until  the  whole  quantity  of  that  metal  has  been  removed.  When 
the  silver  remains  pure,  the  surface  becomes  suddenly  brilliant,  and 
the  completion  of  the  work  is  known  by  the  metal  lims  Jlashtng  or 
lighteniTig,  as  it  is  technically  termed.  This  is  the  process  of  cupel- 
laiion.  The  porous  bone  earth  capsule,  or  cupel,  absorbs  a  great 
deal  of  the  litharge,  and  the  rest  is  blown  away  from  the  surface, 
as  it  forms,  by  the  blast  of  air,  and  is  collected  in  the  front  of  the 

This  process  has  been  remarkably  shortened  by  the  discovery 
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that  the  quantity  of  silver  may  be  concentrated  in  a  compava lively 
small  quantity  of  lead, by  crystallization.  The  siiver  is  not  ditfused 
uniformly  through  all  the  lead,  but  combined  in  atomic  proportions 
with  a  certain  quantity  of  it,  forming  an  alloy,  which  ia  iheh  mixed 
with  the  excess  of  lend.  This  alloy  is  more  fusible  than  lead,  so 
that  when  a  Inrge  basin  of  lead,  containing  a  small  quantity  of  sil- 
ver, is  melted,  and  allowed  to  cool  very  sjovviy,  so  ns  to  crystallize, 
the  portions  which  first  solidify  are  pure  lead,  and  these  being  re- 
moved with  iron  colanders,  all  the  silver  remains  in  the  mother  li- 
quor. The  process  must  be  stopped,  however,  before  this  begins 
to  congeal.  By  a  succession  of  crystallization  of  this  sort  the  great 
excess  of  lead  is  gradually  got  rid  of,  and  the  quantity  to  be  oxi- 
dized at  the  cupel  diminished  in  a  corresponding  degree. 

The  silver  of  commerce  is  never  pure,  and  heiice,  for  chemical 
purposes,  must  be  freed  from  the  melala,  generally  copper,  associa- 
ted with  it.  For  this  purpose  it  is  dissolved  in  nitric  acid,  and  its 
solution  precipitated  by  common  salt.  Chloride  of  silver  s 
.which  is  then  reduced  by  any  of  the  methods  described  i 
333.  The  method  of  assaying  may  also  be  used  to  obtain  pure  siJ- 
ver.  The  impure  silver  is  melted  with  from  four  to  eight  times  its 
weight  of  lead,  and  this  alloy  cupelled  as  already  detailed  ;  the  lead 
is  Dot  only  itself  oxidized,  but  the  other  metals  present,  which  would 
not  otherwise  separate,  are  converted  into  osides,  which  pass  off 
■with  the  oxide  of  lead.  It  is  in  this  way  that  the  standard  alloys 
of  silver,  for  coinage  and  plate,  are  verified  at  the  mint  and  other 
offices. 

Silver,  when  completely  pure,  is  very  brilliant;  it  is  the  whitest 
of  the  metals,  and  takes  a  fine  polish.  It  is  very  ductile  and  malle- 
able. Its  sp.  gr.  is  105;  it  fuses  at  1873'.  It  is  not  altered  by  air 
or  water,  but  when  kept  melted  for  a  considerable  time,  it  absorbs 
oxygen,  which  it  appears  to  hold  rather  dissolved  than  combined, 
for  on  solidifying  it  discharges  this  oxygen,  by  which  the  surface  is 
thrown  into  irregular  granulations.  The  quantity  of  oxygen  may 
be  so  great  as  twenty  times  the  volume  of  the  metal. 

Silver  is  very  soft.  It  la  hence  necessary,  in  coin,  and  in  articles 
for  domestic  use,  to  add  a  certain  quantity  of  copper,  to  render  it 
less  liable  to  deterioration  from  use  or  in  being  cleaned. 

When  silver  is  exposed  to  the  air,  it  gradually  tarnishes,  which  is 
due,  not  to  the  formation  of  oxide,  but  of  sulphiiret,  the  air  always 
containing  traces  of  sulphuretted  hydrogen,  derived  from  organic 
bodies.  It  is  not  acted  on  by  sulphuric  or  muriatic  acid,  hut  is  rap- 
idly dissolved  by  nitric  acid,  with  evolution  of  nitric  oxide  gas. 

Silver  combines  with  oxygen  in  three  proportions,  forming  ox- 
ides, of  which  only  one,  the  protoxide,  is  well  known.  The  equiv- 
alent of  silver  is  1351-6  or  108-3,  and  its  symbol  is  Ag,,  from  the 
Latin  name. 

Proloxide  of  Silver — Ag.O.  j  equivalent  1451-6  or  116-3 — may 
be  prepared  by  adding  caustic  potash,  or  lime  water,  to  a  solution 
of  nitrate  of  silver.  A  brown  powder  is  thrown  down,  which  may  be 
dried  at  a  gentle  heat  without  alteration.  It  then  becomes  very 
^ark.  When  heated  strongly,  it  is  decomposed  into  oxygen  and 
metallic  silver,  and  this  takes  place  even  at  ordinary  temperatures. 
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if  it  bo  10  contact  with  organic  matter.  It  neutralizes  the  strongest 
ocids,  as  tlie  sulphuric  and  nitric,  and  forms  well-characterized  salts. 
It  is  not  acted  on  by  the  fixed  alkalies,  but  with  ammonia  it  gives 
Julminating  silver,  one  of  a  series  of  bodies  to  be  hereafter  examined. 
When  citrate  of  silver  is  heated  to  212'  in  a  current  of  hydrogen 
gas,  the  metal  is  not  reduced,  as  should  have  occurred  with  the  pure 
oxide,  but  one  half  of  the  oxygen  is  removed,  and  the  citric  iicid 
remains  combined  with  the  suboxide  of  silver,  A'gjO.  This  salt  dis- 
solves in  water,  the  solution  being  brown,  and  giving  a  brown  pre- 
cipitate of  suboxide  with  potash.  When  a  solution  of  this  salt  is 
heated,  it  becomes  colourless,  contains  a  salt  of  the  peroxide,  and 
metallic  silver  separates.  Some  other  silver  salts  of  organic  acids 
give  the  same  result  with  hydrogen  gas.  When  a  solution  of  ni- 
trate of  silver  is  decomposed  by  the  battery,  a  substance  is  deposited 
upon  the  positive  electrode  in  needles,  sometimes  half  an  inch  long. 
Ihese  are  resolved  by  sulphuric  acid  into  protoxide  of  silver  and 
oxygen,  and  give,  with  muriatic  acid,  chloride  of  silver  and  free 
chlorine.  They  are,  therefore,  crystals  oi  jieroxide  of  silver,  proba- 
bly Ag.O,. 

Although  silver  does  not  combine  with  oxygen  directly,  yet  when 
it  is  heated  in  contact  with  glass,  it  stains  this  of  a  deep  yellow  or 
orange  colour,  being  converted  into  oxide. 

Smphurei  of  Silver,  equivalent  1552'8  or  ISi-*,  exists  native 
pure,  and  also  in  combination  with  other  metallic  sulphurets,  par- 
ticularly those  of  lead,  antimony,  copper,  and  arsenic,  forming  a  va- 
riety of  minerals.  It  is  the  most  common  ore  of  silver.  It  may 
be  formed  artificially  by  fusing  together  sulphur  and  silver,  the  ex- 
cess of  sulpbur  being  expelled  by  the  heat.  Silver  has,  indeed,  a 
remarkable  affinity  for  sulphur,  so  that  it  even  decomposes  sulphu- 
retted hydrogen,  and  hence  arises  the  tarnishing  of  silver  when  ex- 
posed to  the  atmosphere.  An  exceedingly  delicate  test  for  sulphur 
in  a  solid  body  consists  in  igniting  a  minute  fragment  of  it  on  char- 
coal, in  the  reducing  flame  of  the  blowpipe ;  the  fused  globule  is  to 
be  then  laid  on  a  bright  surface  of  silver,  as  on  a  clean  shilling,  and 
moistened;  if  there  be  a  trace  of  sulphur  in  the  substance,  a  black 
or  olive  spot  will  form  on  the  silver  where  it  is  moistened. 

The  sulphnret  of  silver  may  be  formed  also  in  the  wet  way,  by 
adding  sulphuretted  hydrogen  or  hydrosulpburet  of  ammonia  to  a 
solution  of  a  salt  of  silver.  It  forms  as  a  black  powder,  which  is 
not  soluble  in  an  excess  of  the  precipitant.  This  sulphuret  is  a 
powerful  sulphur  base,  and  in  its  native  forms  is  generally  associa- 
ted with  negative  metallic  sulphurets. 

The  detection  of  silver  is  very  easy  ;  from  the  facility  with  which 
its  oxide  is  reduced  to  the  metallic  state,  ils  solutions  are  precipi- 
tated by  the  sulphites,  by  protosulphate  of  iron,  and  by  protoohlo- 
ride  of  tin,  the  silver  being  reduced.  A  solution  of  common  salt 
or  muriatic  acid  gives  a  white  curdy  precipitate  of  chloride  of  sil- 
ver, which  is  insoluble  in  water  and  in  acids,  but  dissolves  in  water 
of  ammonia  ;  when  exposed  to  light  in  contact  with  organic  matter, 
the  chloride  of  silver  becomes  tinged  violet  or  black,  owing  to,  the 
formation  of  a  subchloride;  on  this  is  founded  its  application  in 
photography,  described  p.  173.  The  solutions  of  silver  give,  with 
£  E  E 
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iodide  of  potassium,  a  canary-yellow  precipitate,  insoluble  in  ammo- 
nia, and  with  sulphuretted  hydrogen  a  deep  brown  sulphuret  of 

The  uses  of  silver  are  well  known  ;  its  advantages  as  a  medium 
of  exchange  depend  on  the  steadiness  of  the  quiintity  of  it  brought 
into  commerce,  which  prevents  great  changes  in  its  value,  and  on 
its  not  being  corroded  or  worn  down  by  ordinary  agents.  In  u  pure 
state  it  would,  however,  be  too  soft  to  be  used  as  coin,  and  is  hence 
hardened  by  being  alloyed,  in  the  proportions  of  222  parts  to  IS  of 
copper  J  this  is  the  standard  silver  of  the  mint ;  the  silver  used  for 
the  purposes  of  luxury  contain  a  greater,  but  a  variable  quantity  n' 
copper. 

Of  Mercury,  or  Quicksilver. 

From  the  remarkable  properties  of  this  metal,  and  its  occurring  in 
the  metalJic  state  in  nature,  it  has  attracted  much  attention  from 
the  earliest  ages,  and  formed  the  object  of  the  most  elaborate  in- 
quiries of  the  older  chemists.  Its  volatility  and  the  variety  of  its 
compounds  made  it  enter  into  the  theories  of  that  period  as  an  im- 
portant element,  and  hence  there  is,  perhaps,  no  metal  concerning 
which  so  much  valuable  knowledge  was  obtained  in  the  infancy  of 
chemistry. 

Mercury  is  found  native,  and  also  combined  with  gold  and  silver, 
but  its  most  abundant  ore  is  the  naiive  suiphuret,  cinnabar ;  from 
this  it  is  extracted  by  one  or  other  of  two  processes.  The  Srst  con- 
sists in  distilling  the  ore  with  lime,  or  with  iron  in  small  pieces  ;  in 
the  first  case,  Hg.S.  and  Ca.O.  produce  Ca.S.,  while  Hg.  and  0.  pass 
off,  the  temperature  being  too  high  to  allow  of  the  formation  of  ox- 
ide of  mercury;  in  the, second  case,  Hg.S.  and  Fe.  produce  Fe.S. 
and  Hg. ;  this  process  is  carried  on  in  long  furnaces,  in  which  are 
arranged  numbers  of  earthen  or  iron  retorts,  to  which  are  adapted 
receivers,  in  which  the  mercurial  vapours  condense.  The  other 
plan,  which  is  that  now  adopted  in  the  best  arranged  works,  con- 
sists of  a  kiln,  like  that  in  which  the  pyrites  is  roasted  for  the  man- 
ufacture of  oil  of  vitriol:  below,  there  is  a  grate  on  which  is  lighted 
a  fire  of  brushwood ;  over  this  is  a  light  arch  of  fire-brick,  with  nu 
merous  perforations,  and  on  this  is  arranged  the  cinnabar,  the  poor- 
est kinds  being  placed  below,  until  the  kiln  is  filled  nearly  to  ihe 
orifice  of  the  chimney,  which  passes  off  at  the  side ;  the  fire  com- 
municating to  the  ore,  the  sulphur  contained  in  it  burns,  and  the 
mercury  is  set  free,  Hg.S.  and  20.  producing  S.O^  and  iHg.  The 
kiln  is  so  hot  that  the  metal  is  completely  volatilized,  and  the  mixed 
vapour  of  mercury  and  sulphurous  acid  gas  are  carried  by  the 
draught  into  the  chimney,  which  leads  into  a  wide  chamber  of  brick- 
work, the  sides  of  which  are  hung  with  leather ;  on  these  the  mer- 
cury condenses  in  drops,  which  gradually  flow  down  and  collect  on 
the  floor,  while  the  sulphurous  acid  gas  passes  away  by  a  small 
chimney  at  the  farther  end,  by  means  of  which  the  continuous  com 
bustion  of  the  ore  is  sustained;  at  certain  periods,  an  aperture  in 
the  side  of  this  chamber  is  opened,  and  the  mercury  which  had  col- 
lected is  withdrawn. 

The  mercury  is  sent  into  commerce  in  iron  bottles,  but  generally 
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m  a  very  impure  state,  it  being  intentionally  adulterated  with  the 
alloy  of  tin,  lead,  and  bismuth,  already  noticed  p.  398,  of  which  it 
can  dissolve  large  quantiiies.  It  may  be  purified  by  distillation,  or 
by  being  left  for  some  lime  in  contact  with  dilute  cilric  acid.  The 
mercury,  having  less  affinity  for  oxygen  than  aiiy  of  the  other  metals 
present,  is  the  last  to  dissolve,  and  as  soon  as  the  liquor  is  found  to 
contain  mercury,  the  metal  remaining  may  be  looked  upon  as  pure. 

Mercury  is  distinguished  by  being  liquid  at  ordinary  tempera- 
tures J  this,  together  with  its  resemblance  to  silver  in  brilliancy,  is 
the  origin  of  its  various  names,  kydi-argyrum  (yStjp  apyvpeog),  quickr 
silver,  argenium  vivum.  If  pure,  it  is  not  tarnished  by  exposure  to 
the  air,  but  in  damp  air  its  impurities  become  oxidized  very  rapidly, 
in  consequence  of  a  complete  galvanic  circuit  being  formed  with 
the  mercury  and  the  other  metals  present.  At  39^  it  becomes,  solid, 
and  crystallizes  in  octohedrons;  it  then  contracts  very  much ;  its 
sp.  gr.  being  13-5  when  liquid,  and  14-0  when  solid.  At  662°  it 
boils,  and  forms  a  colourless  vapour,  the  sp.  gr.  of  which  is  6978. 
At  and  just  below  its  boiling  point  it  absorbs  oxygen  from  the  air, 
forming  oxide,  which  at  a  ted  heat  is  again  decomposed. 

Meccury  is  not  acted  on  at  common  temperatures  by  sulphuric  or 
muriatic  acid  ;  nitric  acid  oxidizes  it  rapidly,  the  nature  of  the  pro- 
duct varying  with  the  circumstances.  Boiling  oil  of  vitriol  is  de- 
composed by  mercury,  sulphuEOUs  acid  being  evolved,  and  oxide  of 
mercury  produced.  There  are  two  oxides  of  mercury,  a  suboxide 
and  a  protoxide.  The  symbol  of  mercury  is  Hg.,  from  its  Latin, 
name,  and  its  equivalent  is  1265-8  or  101-4. 

Suboxide  of  Mercury.— B.gfi.  Equivalent  2631-6  or  210-8.  This 
oxide  is  the  basis  of  many  important  preparations,  and  is  best'  pre- 
pared by  decomposing  calomel  (subchloride  of  mercury)  by  a  solu- 
tion of  potash.  The  calomel  being  insoluble,  the  action  must  be 
favoured  by  mixing  the  two  together  well  by  agitation  in  a  mortar  ; 
a  black  powder  is  produced,  which  must  be  dried  in  the  dark,  and 
by  a  very  gentle  heat.  In  tiiis  process,  HgjCl.  and  K.O.  produce 
K.Cl.  and  Hg.O.  Lime  water  may  be  used  in  place  of  potash. 
When  this  suboxide,  or,as  it  is  often  called,  black  oxide  of  mercury, 
ia  heated,  it  is  resolved  into  metallic  mercury  and  the  protoxide, 
and  this  change  occurs  slowly  at  ordinary  temperatures  if  it  be  ex- 
posed to  the  light.  This  oxide  combines  with  acids  and  forms  well 
characterized  salts. 

Protoxide  of  Mercury — Hg.O. ;  equivalent  1365-8  or  lOS-i — may 
be  prepared  in  a  variety  of  ways:  1st.  By  exposing  mercury  for  a 
long  time  to  the  action  of  the  air,  at  a  temperature  just  below  its 
boiling  point,  it  is  gradually  converted  into  small  deep  red  crystals 
of  this  oxide;  in  this  state  it  was  the  red  precipitate  per  ae  of  the 
older  chemists.  2d.  By  heating  crystals  of  nitrate  of  mercury  until 
all  the  water  and  nitric  acid  have  been  expelled,  the  oxide  remam- 
ing  is  a  crystalline  powder  of  an  orange-red  colour,  the  red  precipi- 
tate by  nitric  acid.  3d.  When  a  solution  of  chloride  of  mercury  (coi- 
rosive  sublimate)  is  decomposed  by  caustic  potash  or  lime  water, 
Hg.Cl.  and  K.O.  produce  K.Cl.  and  Hg.O.  It  is  thus  obtained  as  a 
canary-yellow  hydrate,  vi-hicb,  however,  when  dried,  becomes  deeper 
coloured.  The  red  precipitate  also,  when  finely  divided, 
same  yellow  tint. 
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This  oxido  of  tneriiury  is  slightly  soluble  in  water.  Ttie  solution 
browns  turmeric  paper  slig-htly,  and  restores  tl)e  blue  colour  of  red- 
dened litmus.  It  combines  with  acids,  forming  a  numerous  and  im- 
portant class  of  salts.  At  a  full  red  heat  it  is  totally  resolved  into 
mercury  and  oxygen,  as  described  fully  in  page  24-2.  It  cliangea 
its  colour  remarkably  with  the  temperature,  becoming  nearly  black 
when  very  hot. 

Substilpkitrel  of  Mercvry,  Hg^S.,  may  he  prepared  by  decomposing 
any  salt  of  the  suboxide  by  hydmsulphuret  of  ammonia.  It  is  a 
black  powder,  which,  on  the  application  of  heat,  is  decomposed 
into  the  protoeiilphuret  and  metallic  mercury. 

Protos-ulphurel  of  Mercury — Hg.S. ;  equivalent  1467  or  J 17-5 — con 
stitutea  the  native  cinnaba*,  the  usual  ore  of  quicksilver.  It  may 
be  prepared  artificially  by  fusing  sulphur  in  a  crucibfe,  and  adding 
thereto  six  times  its  weight  of  mercury;  they  combine  with  the 
evolution  of  considerable  heat.  The  mass  must  be  stirred  frequent- 
ly to  favour  their  union,  and  covered  in  order  to  prevent  the  sul- 
fihur  from  burning  away.  In  this  state  it  is  black,  but  when  suh- 
tmed  at  a  red  heat  in  glass  vessels,  it  becomes  deep  red,  constitu- 
ting faciitious  cinnabar,  and  this,  when  levigated,  and  exposed  to 
strong  light,  in  flat  dishes  covered  with  a  thin  layer  of  water,  grad- 
ually assumes  a  very  brilliant  colour,  and  forms  the  pigment  vermil- 
ion. This  sulphuret  may  also  be  prepared  by  adding  to  a  solution 
of  corrosive  sublimate  an  excess  of  hydro  sulphuret  of  ammonia  or 
sulphuret  of  hydrogen  j  it  is  then  a  dense  black  powder.  It  may, 
however,  be  obtained  red,  but  not  so  bright  as  vermilion,  in  the  wet 
way,  by  digesting  white  precipitate  (chloramide  of  mercury)  with 
hydrosulphuret  of  ammonia,  to  which  an  excess  of  sulphur  has  been 
added.  The  sulphuret  of  mercury  forms  at  first  black,  but  after 
some  time  becomes  red,  which  colour  may  he  brightened  by  the 
action  of  a  warm  solution  of  caustic  potash. 

The  pbosphurets  and  seleniurets  of  mercury  are  of  no  importance. 

The  presence  of  mercury  in  solution  is  very  easily  ascertained. 
By  the  immersion  of  a  clean  slip  of  copper,  the  mercury  is  precipi- 
tated in  the  metallic  state,  as  n  gray  powder  on  the  surface  of  the 
copper.  With  a  magnify ing-glass,  this  is  found  to  consist  of  mi- 
nute but  brilliant  globules,  and  the  surface  becomes  brilliant  when 
rubbed.  Protochloride  of  tin  and  phosphorous  acid  also  precipitate 
the  mercury  in  the  metallic  state,  which,  by  boiling,  aggregates  into 
larger  globules,  easily  collected  and  recognised.  Any  solid  body 
containing  mercury  gives,  when  ignited  in  a  tube  of  hard  glass,  par- 
ticularly on  the  addition  of  a  little  carbonate  of  potash,  a  sublimate 
of  metallic  mercury,  which,  if  in  very  small  quantity,  appears  only 
as  a  ting  of  gray  powder,  but  is  found  to  consist  of  brilliant  glob- 
ules when  inspected  with  a  lens. 

The  two  classes  of  salts  which  quicksilver  forms  are  very  dio- 
tinctly  characterized  by  their  behaviour  to  reagents.  The  salts  of 
the  suboxide  give  with  the  caustic  alkalies  black  or  gray  precipi- 
tates. Sulphuretted  hydrogen  produces  the  black  subsulphuret. 
Solution  of  chloride  of  sodium  gives  a  white  precipitate,  which  is 
calomel,  and  the  bichromate  of  potash  produces  an  orange  chromate 
of  the  suboxide. 


b,  Google 


EXTKACTION     AND     PKOPKETIES     OP     GOLD.      405 

The  salts  of  the  red  oxide  are  precipitated,  yellowish  by  an  excess 
of  caustic  potash,  and  white  by  ammonia  j  with  sulphuretted  hydro- 
g      '  bl  ck  precipitate  of  protosuiphui-et;  and  with  iodide 

f  p  m  d  precipitate,  which  is  redissolved  in  an  excess. 

I  y  be  appearance  of  these  precipitates  varies  with 

h  h     acid  with  which  the  oxide  of  mercury  had  been 

mb      d    b  all  cases  ammonia  gives  a  black  precipitate  with 

h       I       f   1         boxide,  and  a  white  precipitate  with  those  of  the 

d        d  1       old. 

There  is  a  class  of  pharmaceutical  preparations  obtained  by  trit- 
urating mercury  v^ith  other  inactive  substances.  In  these  the  mer- 
cury is  otiiy  reduced  to  a  state  of  very  minute  division;  it  is  not 
oxidized.  JJy  triturating-  mercury  with  sulphur,  however,  a  certain 
quantity  of  sulphuret  is  formed,  although  the  great  mass  of  the  met- 
^  and  of  the  sulphur  remains  uncombined. 
Of  Gold. 

This  valuable  metal  is  found  only  in  the  metallic  state,  either 
pure  or  alloyed  with  other  metals,  particularly  silver,  tellurium,  and 
mercury  ;  the  rocks  in  which  it  is  found  distributed  are  generally 
those  of  igneous  origin,  but  the  greater  part  of  the  gold  of  com- 
merce is  obtained  by  washing  the  sauds  of  the  rivers  which  have 
their  source  in  such  mountains,  the  particles  of  metal  being  carried 
down  with  the  detritus  of  the  rock,  and,  from  their  greater  density, 
beio^  deposited  first  when  the  sand  is  washed  ;  any  fragments  large 
enough  to  be  visible  are  separated  by  the  hand,  but  the  remainder 
is  dissolved  out  by  a  process  of  amalgamation,  similar  to  that  de- 
scribed, p.  399,  for  the  extraction  of  native  silver.  When  the  gold 
is  alloyed  with  silver,  they  are  separated  by  means  of  nitric  acid, 
which  dissolves  the  latter  metal ;  but  if  the  quantity  present  be  small, 
the  gold  protects  it  from  the  action  of  the  acid,  and  a  process  term- 
ed quartation.  is  employed ;  this  consists  in  alloying'  the  gold  with 
three  times  its  weight  of  silver,  and  then  acting  on  the  mass  with 
nitric  acid ;  when  the  solution  of  the  silver  has  once  commenced,  it 
does  not  cease  until  the  entire  quantity  present  has  been  removed. 

Pure  gold  is  yellow,  very  malleable  and  ductile,  and  nearly  as 
soft  as  lead  ;  hence,  for  the  purposes  of  commerce  and  of  the  coin- 
age, it  is  alloyed  with  a  quantity  of  copper,  amounting  to  83  in  1000. 
Instances  of  the  exceeding  degree  of  division  to  which  this  metal 
niay  be  reduced,  have  been  given,  p.  15.  Gold  has  no  tendency  to 
combine  with  oxygen  or  sulphur,  and  hence  retains  its  brilliancy  in 
the  open  air  for  any  length  of  time.  It  meltS  at  2016°  ;  its  density 
is  19-5  ;  it  is  not  acted  on  by  any  single  acid,  but  is  dissolved  by  ni- 
tromuriatie   acid,  and  by  a  mixture  of  nitric  and  hydrofluoric  acids. 

The  symbol  of  gold  is  Au.,  from  its  Latin  name,  and  its  equiva- 
lent numbers  are  2486  or  199-2. 

There  are  two  oxides  of  gold,  obtained  by  the  decomposition  of 
the  corresponding  chlorides,  which  will  bo  hereafter  described. 
The  deutoxide  of  gold,  Au.Oj,  is  a  green  powder,  which  does  not 
combine  with  acids,  but  dissolves  in  solution  of  caustic  potash,  and 
soon  separates  into  the  higher  oxide  and  metallic  gold.  The  perox 
ide  of  gold,  auric  acid,  Au.Oj,  is  best  prepared  by  decomposing  per 
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chloride  of  gold  by  an  escess  of  magnesia  ;  chloride  of  mngnesium 
dissolves,  and  an  insoluble  aurate  of  magnesia  remains;  this  is  to 
be  then  digested  in  cold  dilute  nitric  acid,  which  dissolves  out  the 
magnesia  with  a  little  auric  acid,  but  leaves  the  greater  part  of 
this  last  behind  as  a.  reddisb  hydrate,  which,  when  dried  Jn  the  air, 
becomes  brown,  and  at  212^  gives  off  water,  and  remains  black. 
This  substance  does  not  combine  with  any  acid  ;  by  murintic  acid 
it  is  decomposed,  perchloride  of  .gold  being  formed;  it  combines 
with  alkalies  strongly,  so  that  the  precipitate  given  by  a  solution  of 
gold  with  a  caustic  alkali  is  always  a  compound  of  auric. acid  with 
the  base;  there  are  soluble  and  insoluble  aurates,  but  their  atomic 
constitution  has  not  been  studied.  Solutions  of  auric  acid,  and  even 
that  body  in  powder,  are  decomposed  rapidly  on  exposure  to  the 
ligh^i  metallic  gold  being  separated. 

Gold  is  deposited  from  its  solutions  by  means  of  any  of  the  de- 
oxidizing agents  noticed  under  silver  and  mercury.  Protosulphate 
of  iron  gives  a  brown  powder,  which,  under.the  burnisher,  assumes 
the  colour  and  brilliancy  of  the  inctal ;  protochlorjde  of  tin  produ- 
ces a  fine  purple  precipitate,  the  purple  of  Casstvs,  which  is  not  me- 
tallic gold,  but  it  appears  to  be  a  compound  of  oxide'  of  tin  and  a 
suboxide  of  gold,  for  it  is  perfectly  soluble  in  water  of  ammonia, 
and  mercury  digested  on  it  does  not  dissolve  out  any  metallic  gold- 
Various  processes  are  given  for  this  preparation,  which  it  is  not 
easy  to  obtain  of  the  proper  depth  and  purity  of  colour ;  when  ex- 
posed to  a  led  heat,  it  is  changed  into  a  mixture  of  peroxide  of  tin 
and  metallic  gold,  but  its  purple  colour  remains ;  it  is  hence  employ- 
ed for  painting  on  glass  andporeelain.  When  metallic  gold  is  heat- 
ed on  the  surface  of  glass,  it  appears  to  become  oxidized,  and  in 
that  state  to  combine  with  the  glass,  staining  it  a  rich  purple  col- 
our. 

Sulphur  and  gold  combine  to.  form  sulphurets  similar  in  constitu- 
tion to  the  oxides;  they  are  produced  by  decomposing  the  corre- 
sponding chlorides  by  sulphuretted  hydrogen ;  they  are  brown  pow- 
ders, which  are  strong  sulphur  acids,  and  dissolve  in  hydrosulphu- 
let  of  ammonia. 

The  uses  of  gold  are  well  knoivn.  The  commercial  value  of  its 
alloys  is  ascertained,  either  by  cupellation,  p.  399,  by  quartation,  p. 
405,  or  by  the  touchstone,  which  is  a  variety  of  flinty  slate  (Lydian 
stone)  or  basalt,  of  a  uniform  black  colour.  A  streak  is  drawn  on 
the  surface  of  the  stone  with  the  piece  of  gold  to  be  tried,  and  this 
is  compared  with  those  given  by  a  series  of  alloys,  the  composition 
of*  which  is  known,  until  one  is  .found  identical  in  aspect  with  it, 
which  must  result  from  the  two  being  of  the  same  degree  of  purity. 
In  these  trials  it  is  necessary,  however,  to  know  beforehand  wheth- 
er the  alloy  is  silver  or  copper,  or  whether,  as  frequently  occurs, 
both  be  present. 

Of  Palladium. 

This  metal  is  found  associated  with  platinum,  but  seldom  consti- 
tutes more  than  one  per  cent,  of  the  ore.  After  the  platinum  has 
been  precipitated  from  the  solution  in  aqua  regia,  by  means  of  sal 
nmmoniac,  cyanide  of  mercury  is  added,  by  which  all  the  palladium 
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is  thrown  down  as  cyanide;  this,  when  ignited,  is  totally  decom- 
posed, and  metaHic  palladium  remains. 

The  general  characters  of  palladium  are  very  similar  to  those  of 
platinum  ;  it  is  white,  almost  infusible,  but  admits  of  being  welded ; 
it  is  malleable  and  ductile;  specific  gravity  11-5.  When  heated 
b^ow  ignition,  its  surface  becomes  blue  and  green,  from  the  forma- 
tion of  a  thin  layer  of  suboxide ;  but  by  a  stronger  heat  this  is  re- 
duced, and  the  metal  becomes  bright.  Palladium  is  not  sensibly 
acted  on  by  muriatic  or  sulphuric  acid,  but  it  dissolves  in  nitric 
acid  with  facility.  The  symbol  of  palladium  is  Pd.,  and  its  atomic 
weight  665-9  or  53-4. 

There  are  three  oxides  of  palladium,  of  which  only  one,  the  protoiide — Pd,0.; 
equivalent  765-9  or  61-4 — has  been  as  yet  studied  with  much  care :  this  oxide  Is  Ibrm- 
ed  when  palladium  dissolves  in  nitric  acid,  and  is  obtained  as  a  black  powder  whea 
the  nitrale  is  decomposed  al  a  lemperatute  below  redness ;  by  the  addiaon  of  polash 
to  a.  salt  of  palladium,  this  oxide  is  thrown  down,  hydraled,  as  a  brown  powder. 
If  Ihe  protoxide  of  paUadium  be  exposed  to  a  dull  red  heat,  it  parts  wi^  half  its 
oxygen,  and  a  sutoKide,  PdiO.,  is  produced,  which  gives  a  series  of  salts,  resembling 
in  general  characters  those  of  the  suboxide  of  copper. 

By  decomposing  the  bichloride  of  palladium  with  carbonate  of  potash,  the  detUex^ 
ide,  Pd.Og,  is  obtained  as  a  yellowish  brown  powder ;  it  appears  to  combine  both  with 
acids  and  alkalies,  but  of  its  properties  very  little  Is  known. 

There  are  JuipSwrete  cf  PaUadium,  which  correspond  to  the  oxides,  but  farther  than 
that  they  are  brown  powdera,  generated  by  the  action  of  snlpburet  of  hydrogen  on 
the  fespective  chlorides,  they  have  not  been  much  examined. 

Palladium  in  solution  la  at  once  recognised  by  giving  with  ammonia  a.  Besh-red 
precipitate,  which  redissolves  in  an  excess,  giving  a  colourless  solution;  with  cya- 
nide of  mercury  it  produces  a  whitish  precipitate,  and  with  iodide  of  potassium,  a 
black  powder. 

Of  Platinum. 

Platinum  was  originally  discovered  in  the  sands  of  some  South 
American  rivers,  and  from  its  similarity  to  silver  (plata),  obtained 
the  name  of  platina  (little  silver).  It  has  since  been  found  more 
abundantly  in  the  mountains  of  the  Oural,  which  separate  European 
from  Asiatic  Russia,  The  supply  of  platinum  has  increased  so 
much  lately,  that  a  coinage  of  it,  issued  some  years  ago  by  the 
Russian  government,  was  obliged  to  be  recalled,  from  the  rapid 
diminution  in  value  which  it  underwent. 

The  platinum  exists  native,  but  is  associated  with  a  great  number 
of  metals,  particularly  four,  remarkable  for  not  being  found  except 
along  with  it.  The  grains  of  metal  are  disseminated  in  rocks  of 
igneous  origin  (granite,  syenite),  and  in  the  sands  of  rivers  which 
flow  over  them.  The  processes  for  the  extraction  of  platinum  from 
the  crude  ore  are  very  complex,  and  as  the  working  of  it  has  be- 
come a  branch  of  manufacture,  the  chemist  always  obtains  the  pure 
metal  in  commerce,  and  its  details  need  not  be  inserted. 

Pure  platinum  is  white  like  silver,  but  not  so  brilliant.  It  is  the 
densest  of  all  bodies,  its  sp.  gr.  being  21'5.  It  is  very  malleable 
and  ductile.  It  is  infusible  except  by  the  hydro-oxygen  blowpipe,  but 
at  a  high  temperature  may  be  welded  like  iron,  and  thus  worked 
into  the  various  forms  in  which  it  is  employed  in  the  chemical  arts. 
Platinum  may  also  exist  in  a  state  of  minute  division,  and  thereby 
becomes  useful  in  many  operations,  particularly  those  of  slow  com- 
bustion, as  noticed  in  p.  180,  250,  287.  The  finely-divided  platinum 
.  is  of  two  kinds,  spongy  plalin'am  utii.  platinum-black.     The  former  is 
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prepared  by  dissolving  chloride  of  platinum  and  sal  ammoniac  sep 
aralely  in  alcohol,  and  mixing  the  solutions ;  the  double  chloride  of 
platinum  and  ammonium  is  thus  produced  as  a  fine  yellow  powder, 
which,  while  yet  moist,  is  to  be  made  into  balls  like  peas,  and  heat- 
ed to  full  redness.  The  chlorine  is  all  carried  off  by  the  hydrogen 
of  the  ammonia,  and  the  platinum  remains  as  a  light  gray  sponge, 
in  the  form  of  the  little  balls  j  it  is  this  kind  of  platinum  that  is 
used  in  the  aphlogistic  lamp,  in  the  eudiometer,  and  for  other  pur- 
poses already  noticed.  The  platinum-black  may  be  obtained  either 
by  precipitating  a  solution  of  bichloride  of  platinuiii  with  zinc,  and 
boiling  the  precipitate  in  muriatic  acid  for  a  few  minutes;  or,  bet- 
ter, by  dissolving  protochloride  of  platinum  in  a  boiling  solution  of 
potash,  and  adding  thereto  alcohol,  in  small  quantities  at  a  time, 
until  all  effervescence  ceases;  a  jet-black  precipitate  is  produced, 
which  is  to  be  boiled  successively  with  alcohol,  muriatic  acid,  and 
potash,  and,  finally,  four  or  five  times  in  water.  The  substance 
thus  obtained  is  pure  metallic  platinum,  but  it  is  a  dull  black  pow- 
der. It  absorbs  oxygen  in  considerable  quantity,  and  hence,  when 
brought  into  an  atmosphere  of  any  inflammable  vapour,  it  facilitates 
the  combination  of  the  two  with  remarkable  energy.  Dcjbereiner 
terms  it  an  oxyphorus  from  this  property.  Many  interesting  reac- 
tions in  organic  chemistry  succeed  only  by  the  aid  of  this  platinum- 
black. 

Platinum  has  no  tendency  to  combine  with  the  oxygen  of  the 
air,  but  it  is  oxidized  slightly  when  nitre  or  even  potash  is  fused  in 
contact  with  it.  It  resists  the  action  of  all  acids  except  the  nitro- 
muriatic  acid  and  the  nitro-hydrofluoric  acids,  and  in  these  it  dis- 
solves more  slowly  than  gold. 

The  symbol  of  platioum  is  PI.  Its  equivalent  is  1233-5  or  98'8. 
By  the  decomposition  of  the  chlorides  of  platinum,  two  oxides  of  it 
are  obtained. 

Prolaniile  of  PlaHiiwm—Fl.O.;  equivalent  1333'5  or  lOti'S — is  prodacetl  by  digest- 
ing the  protochloride  with  as  much  potash  as  ejnaclly  suftices  for  its  decomposition. 
An  excess  of  potash  dissolves  it,  forming  a  dark  olive  liquor.  When  pure  it  is  a 
black  powder,  easily  decomposed  by  heat  into  platinum  and  oiygen.  It  combines 
with  acids,  forming  salts,  which  have  been  as  yet  but  little  studied. 
■  DevtosMeofPtatmum.—Pt.Oi.  Equivalent  14335  or  1 14 '8.  This  substance  has 
a  renis.rkable  tendency  to  combine  with  bases,  and  hence  cannot  be  obtained  pure 
by  the  direct  decomposition  of  the  chloride,  as  it  carries  down  with  it,  always,  a 
quajility  of  the  aikaB  empiojed,  if  this  be  in  excess;  and  if  it  be  not,  then  only  a 
basic  chloride  is  obtained.  The  nitrate  of  platinum,  however,  when  decomposed 
by  soda,  yields  one  half  of  the  oxide  of  platinum,  pure,  but  nydrated,  fomung  a 
brown  powder  like  the  peroside  of  iron ;  ■when  anhydrous,  it  is  black ;  by  heat  it  is 
resolved  into  oxygen  and  platinum.  This  oiide  appeals  to  form  two  kinds  of  salts, 
one  with  acids,  m  which  it  is  the  base,  end  the  other  with  alkalies  and  earths,  in 
wJiich  it  is  the  acid.    In  another  place  I  shall  notice  them  farther. 

There  are  iwo  tulpMints  ef  Plakniim  corresponding  to  the  two  oxides.  Tlie  first, 
Pt.S.,  is  produced  by  digesting  the  protochloride  with  salphuret  of  hydrogen.  It.i? 
a  deep  brown  powder,  decomposed  by  a  red  heat,  but  not  otherwise  interesting.  The 
bisulpharet,  Pc.Ss,  is  produced  in  a  similar  way  by  adding  sulphuret  of  hydrogen  lo 
a  solution  of  bichloride  of  platinum.  It  is  a  brown  powder,  which  absorbs  oxygea 
rapidly  even  in  drying,  and  becomes  acid.  By  nitnc  acid  it  is  convened  with  in- 
tense action  into  siilphate  of  platinum. 

Phosphurels  ajid  seleniurets  of  platinum  have  been  formed,  but  they  are  not  im- 
portant. 

The  detection  of  platinum  is  effected  easily  by  precipitating  its 
solution  by  a  slip  of  zinc,  when  a  black  powder  separates,  soluble 
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reag^ents  the  Co II owing  re- 
Icohol  gives  a  fine  yeilow 
crystalline  precipitate;  a  solution  of  iodide  of  potassium  a  black 
precipitate,  which  dissolves  in  an  excess,  producing  a  rich  crimson 
solution  ;  with  sulphuret  of  hydrogen,  the  brow-n  bisulphuret  of  pla- 
tinum; and  ivith  pi'otochloTide  of  tin,  a  chocolate  precipitate  or  a 
deep  reddish  solution,  according  to  the  quantity  present. 

The  action  of  this  last  reagent  is  founded  on  the  reduction  of  the 
bichloride  of  platinum  to  the  state  of  protochloride  by  the  first  por- 
tion of  protochloride  of  tin  employed.  This  test  acts,  therefore, 
also  with  solutions  of  the  protoxide  of  platinum,  and  the  metal  may 
be  also  known  to  be  in  the  state  of  protoxide,  when,  on  the  appli- 
cation of  iodide  of  potassium  in  excess,  the  Jiquor  is  not  coloured 
red,  but  becomes  so  on  the  addition  of  a  drop  of  nitric  acid  or  chlo- 
rine water. 

The  great  use  of  platinum  is  for  the  manufacture  of  the  large 
boilers  used  in  the  concentration  of  oil  of  vitriol ;  it  is  also  univer- 
sally employed  as  the  material  for  the  crucibles  used  ia  the  more 
delicate  operations  of  mineral  analysis.  Indeed,  the  accuracy  now 
attained  in  that  department  of  research  is  in  a  great  part  due  to  the 
introduction  of  platinum  vessels  into  the  iuboratory ;  it  is  also  ac- 
casionally  used  in  enamelling  on  glass  and  porcelain. 

Of  Iridium  and  Rhodium. 

Tliese  metals  ace,  like  palladium  and  iridiuni,  found  only  assoeialed  with  plati- 
num, and  are  exsrae  ted  from  ihe  erade  ore  already  noticed ;  tiie  iridium  and  osmium 
are,  however,  uniCedj  forming  an  alloy,  the  crysialline  grains  of  which  are  merely 
mixed  with  the  particles  of  the  platinum  ore  in  which  the  rhodium  and  palladium 
are  contained;  when  the  platina  ure  is  dissolved  in  aqua  regia,  the  iridium  and  os- 
mium ore  remains  undissolved,  and  requires  to  be  treated  by  fusion  with  caustic 
potash;  the  iridium  then  becomes  oxidized,  and  combines  witli  theaJIcali.  The  pro- 
cesses of  purification  need  not  be  inserted. 

Metallic  iridium  resembles  platiiium,  but  is  still  more  infusible ;  when  fused  by 
the  voltaic  batteiy,  it  is  white  and  very  brilliant;  specific  gravity  13C8;  after  being 
Btroagly  heated,  it  is  insoluble  in  acids,  bat  when  obtained  in  the  spongy  form  by 
the  rffliuelion  of  its  oxides  by  hydrogen  at  a  red  heat,  it  becomess  lightly  oxidized, 
and  is  soluble  in  aqua  regia, 

IridiuiB  combines  wtdi  oxygen  in  four 'proportions;  its  symbol  is  Ir.,  and  its  equiv- 
alent 1333-5  or  !t8-a,  the  same  as  that  of  platinum. 

pTObaAde  eflruHam,  Ir.O.,  is  obtained  by  decomposing  the  protochloride  by  ear. 
bonate  of  potash;  it  eppeais  as  a  greeaish-gray  hydrate;  this  oxide  combines  with 
acids,  The  s'-sqidrmj&,  IrjOj,  is  that  formed  wnen  the  metal  is  ignited  with  potash; 
It  is  aliluish-blaeli  powder,  nndis  the  most  permanent  of  the  oxides;  it  is  not  decom- 

Ced  eieept  at  a  heat  above  the  melting  point  of  silver,  whereas  the  higher  aud 
er  degrees  pass  into  it  on  the  application,  of  heat.  This  oxide  unites  with  acids, 
giving  dark  blood-red  coloured  salts,  The  deutoxide  of  Iridiimi,  Ir.Ot,  exists  com- 
tioed  with  acids,  but  has  not  been  isolated.  The  peroxide,  Ir.Oa,  is  formed  in  small 
quantity  when  iridium  is  igaiied  with  nitre,  but  is  best  prepared  by  the  decompose 
Hon  of  the  parchloride.  Solutions  containing  salts  of  the  protoxide  and  of  the  per- 
oxide together,  present  agreat  variety  of  shades  of  purple  and  blue,  and  hence  gavo 
orighi  tolha  name  of  the  metal  (Iris). 

fliorfiiMB. — This  meta]  remains  dissolved  in  the  nitromuiiatic  solution  of  the  pla- 
tinum ore  after  the  platinnm  and  palladium  have  been  separated  from  it;  for  the 
mode  of  eliminating  it  from  the  many  metals  which  still  remain,  I  refer  to  the  sys- 

MetalUc  rhodium  is  obtained  by  the  decomposition  of  its  chloride  at  a  red  heat  by 

hydrogen  gas;  when  rendered  coherent  by  pressure,  it  is  white,  but  vary  brittle  and 

Imrd;  sii.gr,  about  11-0.     If  completely  pure,  it  is  not  acted  on  even  by  aqua  regia, 

but  it  iilastfates  remarkably  Iha  principle  of  communicated  affinity,  dasciibeif  p. 

Ffp 
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S37;  for,  when  alloyed  with  copper,  lead,  or  platina,  it  dissolves  along  willi  the  olhei 
nielal  in  aqua  regia.  Rhodium  derives  its  name  from  ilie  beautiful  rose  (/wdof)  col- 
our of  its  solutions:  it  combines  with  oxygen  in  two  proportions;  iia  symbol  is  R., 
and  its  equivalent  661'4  or  525. 

Of  the  protixdds  of  Sliodiwm,  it  is  only  known  thai  it  exists  in  certain  sails  liiat 
have  been  but  Utile  esamined ;  the  sesqmoside,  RaOs,  is  the  basis  of  the  most  impoi> 
latit  compounds  of  this  metal.  It  is  prepared  byigniling  metallic  rhodinm  witli  a 
mixture  of  caiistic  potash  and  nitre;  a  brown  mass  is  formed,  which,  when  detom. 
posed  b/  muriatic  aoid,  yields  the  oxide  as  a  ^ray  hydrate,  insoluble  in  acids,  Ber- 
zetius  is  of  opinion  that  there  are  two  isomeric  forms  of  this  oxide,  the  salts  of  one 
being  yellow  w.  solutiOD,  and  those  of  the  other  being  rose-coloured.  There  are  sup- 
^m1  to  exist,  also,  complex  oxides  of  rhodium,  resembling,  probably,  the  complex 
oxideii  of  iron  and  manganese.  The  equivalent  of  rhodium  is  so  nearly  equal  to 
that  of  palladium,  that  some  relations  might  beexpeatedin  the  constimtion  of  their 
comhinations,  which,  as  yet,  does,  not  appear  to  have  been  eiperimentaliy  invuslt 


CHAPTEE  XIV. 


The  bodies  included  under  the  name  of  sails  may  be  arranged  in 
two  classes,  characterized  by  a  remarkable  difference  of  chemical 
constilution  ;  the  first  comprehends  such  as  are  formed  by  the  union 
of  a  simple  body  of  the  chlorine  family  with  a  metal ;  thus  chloride' 
of  sodium,  iodide  ofpotassium,  bromide  of  iron,  fluoride  of  calcium, 
are  of  this  kind.  The  salts  of  the  second  class,  on  (he  contrary, 
ate  formed  by  the  union  of  substances  already  compound,  and  pos- 
sessed of  those  opposite  properties  by  which  one  is  determined  to 
be  an  acid  and  the  other  a  base.  The  general  characters  of  acids 
and  bases,  and  of  the  salts  formed  by  their  union,  have  been  sufB- 
ciently  described  in  many  places  already  (p.  151,  154,  157),  and 
need  not  be  here  repeated.  In  general,  the  acids  and  bases  so  en- 
gaged contain  oxygen  as  their  electro-negative  ingredient ;  but  there 
are  classes  of  salts  formed  by  the  union  of  sulphur  acids  and  sul- 
phur bases,  and,  as  noticed  in  p.  238  and  29i,  selenium  and  tellurium 
resemble  oxygen  and  sulphur  in  this  respect.  The  history  of  the 
metallic  compounds  in  the  Inst  chapter  affords  many  cases  of  the 
existence  of  such  salts,  and  in  the  detaijfid  history  of  the  more  im- 
portant salts  which  will  follow,  others  will  be  described ;  but  there 
are  some  points  of  more  general  interest,  touching  the  salts  as  a 
class,  the  laws  of  formation  to  which  they  are  subjected,  and  the 
relations  between  their  several  subdivisions,  which  I  shall  now  pro- 
ceed to.  notice  as  briefly  as  the  subject  will  admit. 

I  have  frequently  adverted  to  the  circumstance  that  the  bodies 
termed  hydracids  were  in  reality  not  acids,  but  compounds  of  hy- 
drogen, in  which  that  element  acted  as  a  positive  metallic  consiii.u- 
ent ;  and  that,  when  they  act  on  a  metallic  oxide,  double  decomposi- 
tion generally  occurs,  precisely  as  when  a  chloride  or  iodide  of 
zinc  or  copper  is  decomposed  by  potash  or  by  soda.  Thus  Cl.H. 
and  ICO.  produce  Cl.K.  and  H.O.,  precisely  as  when  Cl.Cu.  and  K.O. 
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produce  CI.K.  and  Cu.O.  The  chlorides  and  iodides  of  hydrogen, 
altlioiigli  popularly  called,  acids  (muriatic  and  hydriodic  acids),  are 
thus  really  salts,  and  in  all  .llieif  reactions  display  that  constitu- 
tion. Also,  when  a  hydracid  is  put  in  contact  with  a  metal,  the 
solution  of  it. is  determined  altogether  by  its  power  of  expelling  the 
hydrogen  and  of  taking  its  place..  From  Cl.H.  and  2n.  there  are 
produced  Cl.Zn.,  and  H.  becomes  free,  precisely  as  chloride  of  cop- 
per, Oo.Cl.,  is  decomposed  by  zinc,  copper  being  precipitated.  The 
hydi-acids,  therefore,  do  not  unite  with  metallic  oxides  to  form  salts, 
but  they  decompose  them,  water  being  evolved. 

The  hydfacids  are  capable  of  forming  what  are  termed  acid-salts  j 
thus  the  iJuoride  of  potassium  combines  with  hydrofluoric  acid  to 
form  an  acid  compound ;  the  chloride  of  hydrogen  combines  with 
chloride  of  gold  :  b\it  these  bodies  are  really  double  salts.  The 
compounds- of  hydrogen,  in  such  combinations,  resembling  the  cor- 
responding conipouuds  of  zinc,  copper,  &c.,  which,  under  the  same 
circumstances,  all  form  corresponding  double  salts. 

I  have  already  described  the  iunciions  of  water  in  the  hydrates 
of  the  ordinary  oxygen  acids :  these  are  salts  of  water,  subject  to 
the  same  rules  of  composition  as  the  ordinary  salts  of  the  same 
acid.  When-Buchanacid,  as,  for  example,  oil  of  vitriol,  S.Os-i-H.O., 
acts  upon  a  metallic  oxide,  the  water  is  displaced,  and  a  salt  of  the 
metallic  oxtde  formed.  WJien  such  a  hydrated  acid  acts  on  a  met- 
al, this  may  be  dissolved  either  by  substitution  for,  and  displacement 
of  the  hydrogen,  as  in  the  ordinary  cases  of  obtaining  that  gas,  oc 
by  the  direct  decomposition  of  a  part  oX  the  acid,  as  in  the  process- 
es  for  obtaining  sulphurous  acid  and  nitric  oxide  (p.  285,  274). 

Sahs  may  be  either  neuiral,.acid,  or  basic.  A  salt  is  neutral  which 
does  not  manifest,  in  its. action  on  vegetable  colours,  acid  or  alka- 
line properties,  and  consists  generally  of  one  equivalent  of  acid 
united  to  one  equivalent  of  base,  this  last  containing  one  equivalent 
of  oxygen.  The  true  neutral  salts  have,  therefore,  for  bases,  eiiher 
suboxides  or  protoxides.  The  salts  of  sesquioxides  and  deutoxides 
generally  reactlike  acids,  except  where  there  is  an  excess  of  base. 
The  quantity  of  acid  with  which  metallic  oxides  are  disposed  to 
unite  in  their  most  neutral  salts,  is  subject  to  a  remarkable  propor- 
tion, being  one  equivalent  for. each  atom  of  oxygen  which  the  base 
contains.  Thus  a  protoxide  or  suboxide  combines  with  one  equiv- 
alent of  acid.  The  sulphate  of  zinc  is  Zn.O. .  S.O3  J  sulphate  of  cop 
per  Cu.O. .  S.Oj ;  the  subnitrate  of  mercury,  Hg^O. .  N-O^.  A  sesqui- 
oxide  unites  with  three  equivalents  of  acid,  as  sulphate  of  alumina, 
AliOj+SS.Oj.  Salts  in  which  this  law  is  observed  to  hold  are  gen- 
erally described  as  neutral,  even  though  their  action  on  vegetable 
colours  may  indicate  a  preponderance  of  acid ;  and  understanding 
by  the  word,  not  the  absence  or  presence  of  the  property  of  chan- 
ging turmeric  or  litmus,  but  the  state  in  which  the  characteristic 
properties  of  acid  and  base  are  most  neutralized,  the  definition  of 
a  neutral  salt  may  best  be  that  in  which  the  number  of  atoms  of 
acid  is  equal  to  the  number  of  atoms  of  oxygen  in  the  base 

There  are  two  kinds  of  acid  salts :  1st,  those  in  which  the  excess 
of  acid  is  present  in  its  hydratud  form;  and,  2d,  those  in  which 
the  dry  acid  is  in  excess.    These  dilfer  remarkably  in  nature,  those 
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of  the  first  class  being  not  really  acid  salts,  but  double  salts,  of  which 
one  base  is  water.  Thus  the  common  bisujphate  of  potash,  of  which 
the  formula  is  K.O. .  S.O,+H.O. .  S.O^,  is  one  of  a  lamiiy  of  double 
salts,  in  which  sulphate  of  potash  is  united  to  a  sulphate  of  a  pro- 
toxide, as  sulphate  of  copper,  of  zinc,  of  iron,  or  of  magnesia.  Tliere 
is  thus  really  no  excess  of  acid.  In  like  manner,  the  bicarbonate 
of  potash  is  a  double  carbonate  of  potash  and  water,  K.O. .  C.O2+ 
H.O. .  C.Oi,  to  which  similar  analogies  esist.  These  salts  resemble 
completely  the  acid  salts  of  the  hydracids,  described  in  the  begin- 
ning- of  this  chapter ;  K.O. .  S.O,+H.O. .  S.O,  corresponding  exact- 
ly to  K.F.+H.F. 

It  is  only  the  salts  which  do  not  contain  water  that  can  be  looked 
upon  as  having  a  true  excess  of  acid.  Of  these,  the  chromales  of 
potash  afford  the  best  examples,  in  which  an  atom  of  potash  is  com- 
bined with  one,  two,  or  three  equivalents  of  acid,  forming  K.0.-{- 
Cr.Oa,  K.0.+2Cr.0„  and  K.O.-i-aCr.Oa.  There  exists  a  similar 
compound  of  sulphuric  acid  and  potash,  which  is  easily  decomposed 
by  water,  being  changed  into  the  ordinary  bisulphate. 

Basic  salts  are  those  in  which  there  is  present  more  than  one 
equivalent  of  base  for  each  equivalent  of  acid  ;  thus,  in  turbeth  min- 
eral there  is  3Hg.O.  +  S.O,;  in  basic  nitrate  of  copper,  3Cu.0.  +  N. 
Oi .  H.O. ;  in  basic  sulphate  of  copper,  iCu.O.+S.Oj+iH.O.  It  has 
been  thought  that  the  proportion  of  base  in  basic  salts  bore  a  sim- 
ple relation  to  the  quantity  of  osygen  in  the  acid,  being  generally 
equal  to  it.  This  idea  was  founded  on  the  circumstance  that  the 
early  analyses  of  many  basic  sulphates  gave  the  proportion  of  three 
atoms  of  base  to  one  of  acid ;  but  the  basic  sulphate  of  mercury  is 
the  only  example  I  have  found  really  to  exist  of  that  constitution, 
the  other  sulphates  containing  always  a  quantity  of  metallic  oxide, 
amounting;  to  two,  or  four,  or  six  equivalents. 

The  first  and  most  remarkable  insight  into  the  constitution  of 
basic  salts  which  we  obtained  was  the  principle  laid  down  by  Gra- 
ham, that  all  salts  are  really  neutral  in  constitution.  The  analogies 
of  hydrogen  to  the  magnesian  family  of  metals,  and  hence  of  water 
to  the  oxides  of  that  class,  suggested  the  idea  that  the  excess  of 
base  should  not  be  considered  as  actually  combined  with  the  acid, 
but  that  it  replaced  the  water  of  crystallization  which  the  neutral 
salt  contains.  This  view  was  remarkably  supported  by  the  evi- 
dence of  the  basic  nitrates  adduced  by  Graham,  and  has  been  ex- 
tended to  the  chlorides  and  sulphates  by  my  own  Investigations. 
Thus  nitrate  of  copper,  in  its  crystallized  and  neutral  condition,  is 
Cu.O.  .N.0,  +  3H.0.,and  the  basic  nitrate  is  formed  by  H.O. .  N.O, 
4-3Cu.O.  Comparing  these  two  with  the  hydrated  nitric  acid,  sp. 
gr,  1-42,  the  formulas 

Nitrate  of  water,  =H.O. .  N.O^+SH.O. 

Nitrate  of  copper,  =Cu.O. .  N.0,+3H.O. 

Basic  nitrate  of  copper,  =H.O. .  N.Oi+  3C>i.O. 
evidently  correspond,  the  only  difference  being  that,  in  place  of 
oxide  of  hydrogen,  there  is  oxide  of  copper  substituted,  in  a  pro- 
portion continually  increasing.     From  these   conditions  it  follows, 
that  with  the  same  acid  and  base  there  may  be  formed  a  great  va- 
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nely  of  basic  salts;  for  the  neutral  aah  may  cryetailixe  with  many 
different  proportions  of  water,  and  from  each  there  may  be  one  or 
more  basic  salts  derived,  by  substitution  of  metallic  oxide.  Thus 
the  sulphate  of  zinc  generally  contains  eight  atoms  of  baso  to  one 
of  acid  ;  and  in  its  common  crystallized  form,  these  consist  of  one  of 
oxide  of  zinc  and  seven  of  water ;  but  in  becoming  basic,  the  quan- 
tity of  oxide  of  zinc  gradually  increases,  and  a  series  of  basic  salt? 
is  formed,  aa 

S.O,+Zn.0.4-7H.O.,        S.O,+  6Zn.O.-!-2H.O., 
S.Oa  +  4Zn.O.+4H.O.,      S.Oj+8Zn.O. 

The  salts,  consisting  of  a  simple  body  of  the  chlorine  family  uiii- 
ted  with  a  metal,  as  chloride  of  sodium,  iodide  of  potassium,  &c., 
and  which,  from  the  analogy  of  common  sait,  are  termed  haloid  sails 
(dAf  and  ei(!oc),  combine  frequently  with  the  oxide  of  the  metal 
which  they  contain,  and  form  basic  haloid  salts.  Thus  we  have  Cu. 
Ci.+3Cu.O.,  basic  chloride  of  copper  ;  Hg.Cl.+SHg.O.,  basic  chlo- 
ride of  mercury  ;  Pb.I.  +  2Pb.O.,  basic  iodide  of  lead.  Such  com- 
pounds are,  however,  generally  termed  oxycMoTides,  oxyiodides,  &c. ; 
they  are  subjected  to  precisely  the  same  laws  of  derivation  and  con- 
stitution as  the  basic  salts  of  the  same  metals  with  ordinary  acids. 

From  what  has  been  said  above,  it  might  be  concluded,  that  a 
neutral  salt  consisted  in  all  cases  of  one  equivalent  of  base  united 
to  one  of  acid,  and  that,  wherever  the  base  was  present  in  larg-er 
quantity,  the  salt  shouid  necessarily  be  termed  basic;  but  an  im- 
portant distinction  requires  to  be  here  iaid  down.  There  are  three 
phosphates  of  silver,  which  contain  respectively  one,  two,  and  three 
atoms  of  oxide  of  silver  united  to  one  atom  of  acid ;  but  we  do  not 
consider  the  iirst  aa  being  neutral,  and  the  others  as  containing  an 
excess  of  base,  for  we  find  them  to  arise  from  the  state  of  the  phos- 
phoric acid,  which,  according  as  it  has  been  combined  with  more 
or  less  basic  water,  gives  origin  to  classes  of  salts  containing  one, 
two,  or  three  equivalents  of  oxide.  The  pecuHar  relations  of  the 
plftosphoric  acid,  and  of  arsenic  acid  also,  to  water,and  the  effect 
of  it  on  the  composition  of  these  salts,  have  been  noticed  already  in 
p.  297  and  377,  In  addition,  therefore,  to  ordinary  neutral  sahs, 
which  are  monobasic,  or  contain  an  equivalent  of  base  and  one  of 
acid,  there  are  bibasic  and  tnbasic  salts,  containing  respectively  two 
and  three  equivalents  of  base  to  one  of  acid,  and  yet  being  neutral  j 
by  which  is  meant,  not  that  they  are  without  action  on  test  paper, 
smce  one  tribasic  salt  may  redden  litmus,  wlBle  another  may  brown 
turmericpaper,but  that  they  are  derived  from  a  definite  combination 
of  the  acid  with  basic  water,  and  not  by  the  replacement  of  the  wa- 
ter of  crystallization  by  metalHc  oxide,  as  in  the  case  of  real  basic 
salts. 

A  simple  distinction  between  bibasic  and  tribasic  salts  on  the  one 
hand,  and  ordinary  basic  salts  on  the  other,  is,  that  in  the  former 
the  different  atoms  of  base  may  be  of  different  kinds,  while  in  the 
latter  the  metallic  oxide  replacing  the  water  is  all  of  the  same  sort. 
Thus,  there  is  basic  sulphate  of  zinc  and  basic  sulphate  of  copper, 
hut  there  could  not  be  a  basic  sulphate  partly  of  zinc  and  partly  of 
copper,  the  sulphuric  acid  being  monobasic.     Bat  there  is  a  tribasic 
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phosplwte  of  soda,  ammoniii,  and  water  ;  arjotiier  of  magiiasia,  iim. 
motiia,  and  water;  others' of  potash  and  water.  The  presence  of 
two  or  more  bases  of  different  kinds  thus  distitiguishing  completely 
the  saltj  of  the  bibasic  and  tribasic  acids  from  the  ordinary  basic 

Theso  principles,  which  are  now  of  the  highest  importance  in 
phiiosopliicfil  chemistry,  were  first  applied  by  Graham  to  the  salts 
of  the  phosphoric  and  arsenic  acids,  but  they  have  been  found  to 
throw  ligbt  upon  some  of  the  most  difficult  questions  in  the  history 
of  the  organic  acids,  of  which  a  great  number  have  been  shown  by 
Liebig  to  be  similarly  circumstanced. 

Double  mils  are  formed  by  the  union  of  two  simple  salts.  In  gen- 
eral, both  salts  contain  the  same  acid,  but  different  bases,  and  the 
two  bases  belong  to  different  natural  groups;  as  when  sulphate  of 
potash  combines  with  the  sulphates  of  the  protoJfides  of  the  metals 
of  the  second  isomorphous  group,  replacing  therein  the  atom  of 
constitutional  water  which  they  all  contain.  Thus  ordinary  sul- 
phate of  zinc,  Zn.O.  .  S.0„  .  H.O.+CAq., gives  with  K.O.  .  S.O3  the 
double  salt  (Zn.O.  .  S.O^+K.O.  .  S.03)-|-6Aq.;  and  sulphate  of  cop- 
per, Cu.O.  .  S-.Oa .  H.O.+Uq., gives  (Cu.O.  .  8.0^-1- K.O.  .  S.O,)-H 
4>Aq.  The  sulphate  of  potash  combines  also  with  the  sesquiosides 
of  the.third  isomorphous  group,  such  as  alumina,  and  gives  origin 
to  the  various  kinds  of  alums.  Similar  classes  of  salts  are  formed 
by  the  union  of  the  other  alkaline  sulphates  with  the  sulphates  of 
the  second  and  third  isomorphous  groups.  The  salts  of  isomorphous 
bases  with  the  same  acid  do  not  appear  capable  of  combining  so  as 
to  produce  double  salts,  but  in  crystallizing  ate  mechanically  mix- 
ed (p,  31).  This  rule,  however,  is  not  without  exception,  as  the 
constant  composition  of  the  magnesian  limestone,  Ca.O.  .  C.Oi+Mg. 
0.  .  C.Oj,  indicates  that  its  elements  are  chemically  united. 

Salts  of  different  acids  with  the  same  base  may  combine  to  form 
double  salts,  as  the  o.xalate  and  nitrate  of  lead  ;  and  there  are  ex- 
amples, though  few,  of  a  double  salt  containing  two  acids  and  two 

The  relations  of  salts  to  water  have  been  fully  discussed  under 
the  heads  of  solution  and  crystallization  (p.  22,  et  seq.),  and  of  the 
chemical  properties  of  water  (p.  253),  to  which  it  is  sufficient  to 
refer, 

The  haloid  salts  combine  together  to  form  double  salts,  as  the 
double  chloride  of  goM  and  sodium,  the  double  chloride  of  copper 
and  potassium,  and  conform  therein  to  the  same  general  principles 
that  have  been  just  described  for  the  oxygen  salts. 

It  has  been  always  mentioned,  that  when  muriatic  acid  acts  on  a 
raetailic  oxide,  water  is  formed,  and  a  chloride  of  the  metal  produ- 
ced- The  question  of  whether  this  always  occurs  is  not  without 
interest,  and  has  been  often  agitated.  There  is  no  doubt  but  that 
it  is  the  general  rule,  but  I  am  inclined  to  think  it  may  not  be  with: 
out  exception.  The  difference  of  properties  of  the  chlorides  of 
moiinesium  and  of  aluminum  in  the  anhydrous  state  and  when  crys- 
tallized with  water,  is  so  great  as  to  give  reason  to  suppose  that 
these  chlorides  decompose  water,  and  that  the  crystallized  hydrated 
sails  s.re  not  Al,a+3H.O,  and  Mg.Cl.+H.O:,  but  AIA+3H.C1.  and 
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Mg.O.+H.Cl.  Hence  it  is  probatle  that  magnesia  and  alumina 
combine  witli  hydracids  without  decomposition. 

The  sulphur  sails  consist  of  a  sulphur  acid,  which  is  generally  a 
Bulphuret  of  an  electro-negative  metal  or  of  carbon,  combine^  with 
a  sulphur  base,  which  is  a  sulphuret  of  an  electro-positive  metal. 
In  their  constitution  they  resemble  the  analogous  oxygen  salts. 
Many  of  their  characters  have  been  described  already  (p.  282,  386). 

The  positive  metallic  sulphurets  combine  frequently  with  the  ha- 
loid, or  oxygen  salts  of  the  same  metai,  to  form  basic  salts;  this  is 
the  case  particularly  with  mercury.  Thus  there  is  Hg.O.  .  S.O3  + 
2Hg.S.,  similar  to  Hg.O.  .  S.O^+SHg.O.,  ordinary  turbeth  mineral. 

It  had  been  long  remarked  as  curious,  that  bodies  so  totally  dif- 
ferent in  composition  as  the  compound  of  chlorine  with  a  metal  on 
the  one  hand,  and  of  an  oxygen  acid  with  the  oxide  of  the  metal  on 
the  other,  should  be  so  similar  in  properties,  that  both  must  be 
classed  together  as  salts,  and  should  give  origin  to  series  of  basic 
and  acid  compounds  for  the  most  part  completely  parallel.  This 
difficulty  has  been  so  much  feit  by  the  most  enlightened  chemists, 
that  doubts  have  been  raised  as  to  whether  the  acid  and  base,  which 
are  placed  in  contact  to  form  by  their  union  an  oxygen  salt,  really 
exist  in  it  when  formed;  and  it  has  been  suggested  that  at  the  mo- 
ment of  union  a  new  arrangement  of  elements  takes  place,  by  which 
the  structure  of  the  resulting  salt  is  assimilated  to  that  of  a  com- 
pound of  chlorine  or  of  iodine  with  a  metal.  This  view,  at  first 
sight  so  far  fetched,  which  considers  that  in  Glauber's  saU  there  is 
neither  sulphuric  acid  nor  soda,  but  sulphur,  oxygen,  and  sodium, 
in  some  otlier  and  simpler  mode  of  combination,  is  now  very  exten- 
sively received  by  chemists;  and  I  shall  proceed,  therefore,  to  de- 
scribe, with  some  detail,  the  form  which  it  has  assumed,  and  the  ev- 
idence by  which  it  is  supported. 

The  greater  number  of  those  bodies  which  are  termed  oxygen 
acids  have  not  beeti  in  reality  insulated,  and  what  are  popularly  so 
called  are  merely  supposed  to  contain  the  dry  acid  edirihined  with 
water.  Thus  the  nearest  approach  we  can  make  to  nitric  acid  is 
the  liquid  N.O,H. ;  to  acetic  acid,  the  crystalline  body  C.H^O^ ;  and 
to  oxalic  acid,  the  sabllmed  crystals  Cj04H. ;  we  look  upon  these 
bodies  as  being  combinations  of  the  dty  add  with  water,  and  we 
write  their  formulEeN-O^-f  H.O.,  and  C^H^Oj+H.O.,  andCA+H.O.  j 
but  that  these  dry  acids  exist  at  all  is  a  mere  assumption.  Hence, 
with  regard  to  these  instances,  and  they  embrace  the  majority  of 
all  known  acids,  the  idea  that  the  acid  and  base  really  exist  in  the 
salt  formed  by  the  action  of  hydrated  acids  on  a  base  is  purely  the- 
oretical. 

When  we  compare  the  constitution  of  a  neutral  salt  with  that  of 
the  hydrated  acid  by  which  it  is  formed,  we  find  the  positive  result 
to  be  the  substitution  of  a  metal  for  the  hydrogen  of  the  latter  ;  thus 
S.O3-I-H.O.  gives  with  zinc  S.O„+Zn.O. ;  and  where  a  metal  ia 
acted  on  by  a  hydrated  acid,  the  hydrogen  is  thus  evolved  either 
directly  as  gas,  or  it  reacts  on  the  elements  of  the'acid,  and  givea 
rise  to  secondary  products  which  are  evolved,  such  as  sulphurous 
acid,  nitric  oxide,  fee.  In  all  cases  we  may  consider  the  action  of 
a  metal  on  a  hydrated  acid  to  be  primarily  the  elimination  of  hy 
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drogen  and  the  formation  of  a  neutral  salt.  But  in  tliis  rfespect  tho 
action  becomes  completely  annlogous  to  that  of  the  metal  on  a  hy- 
dracicl,  except  that  in  the  latter  case  a  haloid  salt  is  formed  ;  and 
hence  we  assimilate  the  two  classes  in  constitution  by  a  very  sim- 
ple arrangement  of  theif  formulse. 

There  are,  however,  a  number  of  acids  which  may  be  obtained 
in  a  dry  and  isolated  form,  as  the  sulphuiic,  the  silicic,  the  telluric, 
the  stannic,  the  arsenic,  the  phosphoric,  &c.;  and  when  they  com- 
bine with  bases,  it  Is  most  natural  to  consider  the  union  as  being 
direct,  and  that  the  salt  contains  acid  and  base  really  as  such.  This 
is,  accordingly,  the  strongest  point  of  the  ordinary  theorj'.  But 
other  and  important  circumstances  intervene.  These  acids,  al- 
though they  may  be  obtained  free  from  water,  yet  in  that  state  they 
combine  with  bases  but  very  feebly,  and  require  a  high  temperature 
in  order  to  bring  their  affinities  into  play.  On  the  other  hand,  in 
nil  cases  where  these  bodies  manifest  their  acid  characters  in  the 
highest  degree,  they  are  combined  with  water,  as  in  oil  of  vitriol 
and  phosphoric  acid,  and  when  expelled  from  combination  with  a 
base,  they  immediately  enter  into  combination  with  water  in  an 
equivalent  proportion.  Thus,  where  phosphate  of  lime  is  decom- 
posed by  oil  of  vitriol,  it  is  not  phosphoric  acid  (P-O^)  which  is 
found  in  the  liquor,  but  its  terhydrate  (P.O^-l-3H.O.),  as  is  shown 
by  its  formin"  with  oxide  of  silver  the  yellow  phosphate,  P.Oj+ 
3Ag.O.  In  the  case  of  telluric  acid,  its  hydrate/re.Oj+SH.O  )  is 
very  soliihle  in  water  ;  it  crystallizes  in  large  pri*sms ;  by  212'  two 
atoms  of  water  are  given  off,  but  its  nature  is  not  changed  ;  the 
body  which  remains  (Te.Oj-hH.O.)  is  still  acid  and  soluble  in  wa- 
ter, perfectly  neutralizing  the  alkalies;  but  by  a  red  heat  this  last 
atom  of  water  is  driven  oiT,  and  then  the  whole  nature  of  the  body 
changes;  it  is  insoluble  in  water,  and  even  in  the  strongest  alkaline 
solutions,  and  can  only  be  brought  back  to  its  former  state  by  be- 
ing fused  with  potash  at  a  red  heat.  Here  it  is  evident  that  the 
acid  properties  and  the  water  go  together  ;  and  we  may  conclude 
that,  in  order  to  manifest  strong  acid  properties,  the  acid  must  be  in 
its  hydrated  form.  But  in  that  hydrated  form,  if  the  ivater  acted 
as  a  base  simply,  the  tendency  of  the  acid  to  combine  with  other 
bases  wonld  be  inferior  to  that  of  the  dry  acid;  for  if  we  place 
oil  of  vitriol  and  batytes  together,  the  water  must  be  first  expelled 
before  the  barytes  and  sulphuric  acid  can  unite,  and  hence  an  im- 
pediment would  exist  to  their  union  which  would  not  occur  with 
cold  barytes  and  dry  sulphuric  acid  in  vapour,  and  yet  cold  barytes 
and  oil  of  vitriol  will  combine  with  such  intensity  as  to  produce 
ignition,  while  the  barytes  must  be  heated  before  it  begins  to  com- 
bine with  the  dry  sulphuric  acid.  The  water,  therefore,  is  essential 
to  the  manifestation  of  strong  acid  properties,  and  it  does  not  exist 
in  combination  with  the  acid  merely  as  a  base.  What,  then,  is  the 
constitution  of  a  hydrated  oxygen  acid  1 

When  muriatic  acid  (H.Cl.)  acts  on  zinc,  the  metal  is  taken  up, 
forming  Zn.Cl.,  and  hydrogen  is  expelled ;  and  if,  in  place  of  zinc, 
oxide  "of  zinc  be  taken,  the  effect  is  the  same,  except  that  the  hy- 
drogen combining  with  the  oxygen  of  the  oxide  forms  v/ater,  H.CI. 
and  Zn.O.  giving  Zn.Cl.  and  H.O.     Now  we  have  in  oil  of  vitriol 


by  Google 


CONSTITUTION     OF    ACIDS     AND     SALTS.  417 

the  elements  S.OjH.  combined  tog-ether;  when  put  in  contact  with 
zinc.  H.  ia  expelled,  and  S.O.Zn.  is  formed;  and  with  Zn.O.  and 
S.O,H,,  there  are  produced  S.O.Zii.,  and  H.O.  is  set  free.  In  both 
capes,  of  which  the  former  may  be  taken  as  the  type  of  all  the  ha- 
loid salts,  and  the  latter  of  all  salts  formed  by  oxygen  acids,  there  is 
H.  as  the  element,  which  is  removable  by  a  metal,  precisely  as  one 
metal  is  replaceable  by  another,  as,  indeed,  from  the  real  metallic 
character  of  hydrog-en,  may  be  considered  to  occur  in  this  case, 
Every  acid  may  therefore  be  considered  to  consist  of  hydrogen 
combined  with  an  electro-negative  element ;  whicK  may  be  simph, 
aa  chlorine,  iodine,  fluorine  ;  or  may  be  compound,  as  cyanogen, 
N.Cj,  and  yet  capable  of  being  isolated ;  or,  as  occurs  in  the  great 
majority  of  cases,  its  elements  may  be  such  as  can  only  remain  to- 
gether when  in  combination.  Thus  oil  of  vitriol  does  not  contain 
S.Oj  and  H.O.,  but  consists  of  hydrogen  united  to  a  compound  rad- 
ical S.O,,  Liquid  nitric  acid  does  not  contain  N.O.^  and  H.O.,  but 
consists  of  hydrogen  united  to  a  compound  radical  N.Oo,  and  the 
acetic  acid  is  written  C.HjOj+H.,  the  oxalic  acid  CjOj+H.,  and 
so  on. 

The  elegance  and  simplicity  with  which  the  laws  of  saline  com 
bination  may  be  deduced  from  these  principles  is  really  remarkable 
Thus  it  has  been  remarked  as  a  fact  substantiated  by  experiment, 
that  in  neutral  salts  tbe  number  of  equivalents  of  acid  was  proper 
tional  to  the  number  of  equivalents  of  oxygen  in  the  base,  but  tho 
ordinary  theory  gave  no  indication  of  why  this  should  occur.  It 
follows  necessarily  from  the  principles  ofthe  newer  theory.  Thus, 
if  a  protoxide  be  acted  on  by  an  acid,  M.  denoting  the  metal  of  tho 
oxide,  and  K.  the  radical  of  tho  acid,  the  resulting  action  is, 

M.+O.  and  H.  +  E.  produce  H.  +  O.  andM.-fE. ; 
and  in  the  neutral  salt,  there  is  an  equivalent  of  each.     Now  in  the 
case  of  a  sesquioxide,  in  order  that  water  shall  be  formed,  and  ss 


Mj+O,  and  3CH.+R.)  produce  3(11.4-0.)  and  M.-j-E,, 
a  sesqui-compound  being  formed  perfectly  analogous  to  a  sesqui 
oxide,  and  the  number  of  atoms  of  acid,  3(H.4-R-))  '^  equal  to  the 
number  of  atoms  of  oxygen  in  the  base  (MjOj),  because  that  number 
of  atoms  of  hydrogen  is  required  for  the  decomposition  of  the  base. 
In  like  manner,  for  a  deutoxide,  there  is 

M.  +  0,  and  2(H.+E.)  producing  2CH.0.}  and  M.  +  R,. 
The  power  of  salts  to  replace  water  in  the  magnesian  sulphates,  so 
as  to  form  double  salts,  becomes  much  more  intelligible  when  we 
compare  H.-f  O.  with  K.+S.Oj,  than  where  H.O.  was  contrasted 
■with  the  complex  formula  K.O.  +  S.Oa. 

The  circumstance  that  on  the  new  theory  (or,  as  it  is  now  often 
called,  the  Binary  theory  of  salts)  it  is  necessary  to  admit  the  ex- 
istence of  a  great  number  of  bodies  (these  salt-radicaJ.s)  which  have 
never  been  isolated,  and  in  favour  of  whose  existence  there  is  no 
other  proof  than  their  utility  in  supporting  this  view,  becomes  mora 
powerful  as  an  objection  when  we  proceed  to  apply  its  prineiplec 
Gog 
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to  the  salts  of  phospboric  acid.  For  it  has  been  already  described 
that  this  acid  forms  three  distinct  classes  of  salts,  all  neutral,  and 
which  have  their  origin  in  the  three  hydratod  states  of  the  phos- 
nhoric  acid.     These  states  are  written  on  the  two  views  as  follows : 

Old  Thnorv.  New  Thepty. 

Monobasic  acid,    P.Oj+H.O.     .     .     .  P.Oj+H. 
Bibasicacid,  P.0,+OH.O.  .     .     .  P.O,+H;, 

Tribasic  acid,        P.0.+3H.0.  .     .     .  P.O,+H,. 

Wow  it  appears  very  useless,  where  the  older  view  accoTints  so 
simply  for  the  properties  and  constitution  of  these  salts,  to  adopt 
BO  violent  an  idea  as  that  there  are  three  distinct  compounds  of 
phosphorus  and  oxygen,  which  no  chemist  has  ever  been  able  to 
detect.  But  here,  again,  other  circurostHnces  must  be  studied  ;  first, 
the  dilferejice  of  properties  of  phosphoric  acid,  in  its  three  states, 
is  totally  inexplicable,  on  the  idea  of  their  being  merely  three  de- 
grees of  hydration.  Nitric  acid  forms  three  hydrates,  but  when 
neutralized  by  potash,  it  always  gives  the  same  saltpetre ;  sulphuric 
acid  forms  two  perfectly  definite  hydrates,  but  with  soda  forms  al- 
ways the  same  Glauber's  salt ;  while  phosphoric  acid,  when  neutral- 
ized by  soda,  gives  a  different  kind  of  salt  according  to  the  state  it 
may  be  in.  Also,  the  permanence  of  these  conditions  of  phospho- 
ric acid  is  n  powerful  proof  that  they  do  not  consist  in  the  adhesion 
of  mere  water.  The  idea  that  the  phosphoric  acid  is  a  different  hy- 
dracid  in  each  of  its  three  conditions,  on  the  other  hand,  not  mere- 
ly explains  the  fact  of  these  differences  of  properties,  but  it  renders 
the  formation  of  bibasic  and  tribasic  salts,  which  is  such  an  anoma- 
ly on  the  oil!  theory,  a  necessary  consequence  of  the  new  ;  for  the 
phosphoric  salt  r-idicals,  P.Oc,  P.O;,  and  P.O.,  differ  not  merely  in 
the  quantitjf  of  oxygen  they  contain,  but  are  combined  with  differ- 
ent quautitiea  of  hydrogen,  and  hence,  in  acting  on  metallic  oxides 
(bases),  there  is  a  different  number  of  atoms  required  for  each  to 
replace  the  hydrogen  pnd  form  water.  Thus, 
F.O3.  and  Na,0.  give  E  0.  and  P.O.Na.,  monobasic  phosphate  of 

soda; 
P.O.Hi  and  2Na.O.  give  2H.0.  and  P.O-Na,,  bibasic  phosphate  ; 
P.ObHs  and  SNa.O.  give  3H.0.  and  P.O.Na,,  tribasic  phosphate. 
A  circumstance  which  gives  addztional  reason  to  infer  that  the  wa 
ter  is  not  merely  as  base  in  the  phosphoric  acid,  is  the  following : 
if  it  were  ao,  thea  it  should  be  ifost  comnleteJy  expelled  by  the 
strongest  bases,  and  the  bibasic  and  trihs^ii'.  phosphates  of  the  allf  a- 
Irea  should  be  those  least  likely  to  retain  any  portion  of  the  basic 
water;  but  the  reverse  is  the  factj  while  oxide  of  silver,  a  very 
weak  base,  is  that  which  most  easily  and  totally  replaces  the  water. 
On  the  idea,  however,  of  hydracids,  this  is  easily  understood,  for 
the  oxide  of  silver  is  one  most  easily  reduced  by  hydrogen,  and, 
consequently,  one  on  which  the  action  of  a  hydrogen  icid,  a,s  P.Oj 
+H3,  or  P.O,+H„  would  be  most  completely  exercised. 

A  remarkable  verification  of  this  theory  has  been  recntly  found 
in  the  decomposition  of  solutions  of  the  oxysalts  in  water  by  voltaic 
electricity.     It  has  been  already  explained  (p.  137,  ct  seg.J  tlnr  ii  re- 
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quires  the  same  quantity  of  electricity  to  decompose  an  equivalent 
of  any  binary  coVipound,  sucli  as  iodide  of  lead,  chloride  of  silver, 
muriatic  acid,  or  water.  Now,  if  we  dissolve  sulphate  of  soda  in 
water,  and  pass  a  current  of  voltaic  electricity  throno;!i  that  solution, 
we  have  water  decomposed,  and  also  the  Glaubers  salt;  oxygen 
Bind  sulphuric  acid  being  evolved  at  one  pole,  and  soda  and  hydro- 
gen at  the  other.  Here,  on  the  old  view,  th(f  electricity  performs 
two  decomposing  actions  at  the  same  time,  and,  as  it  thus  divides 
itself,  its  action  on  each  must  be  lessened,  and  the  quantity  of  each 
decomposed  be  diminished,  so  that  the  sum  should  represent  the 
proper  energy  of  the  current.  On  measuring  these  quantities,  how- 
ever, the  result  is  totally  different ;  the  quantity  of  sulphate  of  soda 
decomposed  is  found  to  be  equal  to  the  full  duty  of  the  current,  and 
an  equivalent  of  water  appears  to  be  decomposed  in  addition.  It  is 
quite  unphilosophic  to  imagine  that  the  strength  of  a  current  should 
he  thus  suddenly  doubled,  and  a  simple  and  sufficient  explanation  of 
it  is  found  in  the  new  theory  of  salts.  The  sulphate  of  soda  in  so- 
lution having  the  formula  Na.S.Oj,  is  resolved  by  the  current  into  its 
elements  Na.  and  S.O4,  as  chloride  of  sodium  would  also  be  ;  the 
fiodium,  on  emerging  at  the  negative  electrode  from  the  influence 
of  the  current,  instantly  decomposes  water,  and  soda  and  hydrogen, 
of  each  an  equivalent,  ate  evolved;  at  the  positive  electrode,  the 
compound  radical  S.O,  also  decomposes  water,  andproduces  H.S.O4 
and  0,  The  appearance  of  the  osygen  and  hydrogen  is  thus  but 
secondary,  and  the  body  really  decomposed  by  the  current  is  oniy 
Na.S.O^. 

In  the  case  of  the  salts  of  such  metals  as  do  not  decompose  water, 
the  phenomena  are  much  more  simple.  Thus,  a  solution  of  sulphate 
of  copper,  when  decomposed  by  the  battery,  yields  metallic  copper 
at  the  negative,  and  sulphuric  acid  and  oxygen  at  the  positive  elec- 
trode, and  the  quantity  of  copper  separated  represents  exactly  the 
energy  of  the  current  which  has  passed  ;  for  the  salt  being  Cu.S.O„ 
is  simply  resolved  into  its  elements,  but  S.O^  reacting  on  the  water, 
produces  H.S.O„  and  O,  at  the  positive  electrode.  On  the  old  view 
It  was  supposed  that  water  and  sulphate  of  copper  were  both  de- 
composed, oxygen  and  acid  being  evolved  at  one  side,  and  oxide  of 
copper  and  hydrogen  being  separated  at  the  other  ;  which  reacting, 
produced  water  and  the  metal.  Such  an  explanation,  however,  is 
directly  opposed  to  the  law  of  the  definite  action  of  electricity,  and 
cannot  be  received. 

In  the  case  of  solutions  of  chlorides  op  iodides,  where  there  can 
he  no  doubt  of  the  relations  of  the  elements,  the  results  of  voltaic 
decomposition  are  precisely  similar.  Chloride  of  copper  gives  sim- 
ply chlorine  and  copper,  no  water  being  decomposed.  Chloride  of 
sodium  or  iodide  of  potassium  give  chlorine  or  iodine  at  the  one 
electrode,  and  alkali  and  hydrogen  at  the  other  ;  the  evolution  of 
these  last  being  caused  by  the  action  of  the  metallic  basis  on  the 
water  of  the  solution. 

Professor  Daniell,  to  whom  these  important  electro-chemical  re- 
searches are  due,  considers  the  truth  oi  the  binary  theory  of  saltsi 
to  he  fully  established  by  them. 

If  this  theory  be  adopted,  a  profound  change  in  our  nomenclature 
\f  salts  will  become  n.acessary.     Graham  has  proposed  that  the 
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uame  of  the  salt-radical  eliould  be  formed  by  prefixing  to  tlie  woid 
oxygen,  the  first  word  of  the  ordinary  name  of  the  rfass  of  sails,  and 
that  the  salts  be  termed  by  changing  oxygen  into  oxides.  Thus  ti. 
O.,  sulphatoxygen,  gives  sulplialoxides  j  the  sulphates,  N.O5,  nitrat- 
oxygen,  gives  niliatoxides,  the  nitrates,  and  so  on;  but  1  consider 
that  the  form  of  nomenclature  proposed  by  Daniell  deserves  the 
preference.  It  has  bfeen  described  (p.  194)  that  Faraday  proposed 
to  term  the  elements  which  pass  to  the  electrodes  of  the  battery, 
ions  ;  acting  on  this,  Dawiell  proposes  to  term  the  electro-negative 
element  of  the  sulphates,  oxysiilphion  ;  that  of  the  nitrates,  oxynitri- 
on,  and  so  on,  and  the  salts  may  be  termed  oxysulphion  of  copper, 
oxynitrion  of  sodium,  &c.  It  would  be  desirable,  however,  for  a 
long  time,  to  introduce  these  names  only  where  theoretical  consid- 
erations rendered  their  employment  decidedly  useful,  and  hence,  in 
all  future  description  of  the  salts,  I  shall  make  use  of  the  I'anguage 
of  our  ordinary  views,  and  treat  of  their  preparation  and  composi- 
tion without  any  reference  to  the  discussion  in  which  we  have  been 
engaged. 

The  general  adoption  of  the  binary  theory  of  salts  has  deprived 
of  much  of  its  interest  and  importance  a  question  which  some  years 
since  was  very  ingeniously  discussed,  viz.,  whether,  in  the  forma- 
tion of  double  salts,  the  salts  which  unite  had  the  same  relation  to 
each  other  that  the  acid  and  base  were  then  thought  to  have.  Thus 
it  was  supposed  that  the  electro-negative  qualities  of  sulphuric  acid 
being  less  controlled  by  oxide  of  copper  than  by  potash,  the  alka- 
line sulphate  acted  as  a  base  to  the  sulphate  of  copper  when  these 
two  salts  combined  to  form  the  double  sulphate  of  potash  and  cop- 
per, and  so  on  in  other  instances;  but,  in  addition  to  the  circum- 
stance that  all  we  have  said  as  to  the  constitution  of  the  salts  mili- 
tates against  this  view,  we  have  the  positive  evidence  that,  first, 
these  double  salts  are  formed,  not  by  combination  merely,  but  by 
replacement  of  the  constitutional  water  of  (he  sulphates  of  the  cop- 
per or  magnesian  class,  which  water  nobody  would  contend  to  act 
m  them  as  a  base  ;  and,  second,  that  when  a  solution  of  such  a  dou- 
ble salt  is  decomposed  by  the  battery,  the  two  salts  are  not  separa- 
ted as  if  they  were  acid  and  base,  but  are  decomposed  independent- 
ly in  the  proportions  of  an  equivalent  of  each,  making  together  the 
sum  of  the  chemical  energy  of  the  current. 

A  similar  idea  was  advocated  by  Bonsdorff  regarding  the  doiibie 
chlorides,  iodides,  &c.  He  proposed  to  consider  the  chlorides  of 
gold,  platina,  mercury,  &e.,  as  chlorine  acids,  and  those  of  potassi- 
um, &c.,  as  chlorine  bases,  and  so  with  the  iodides.  This  view, 
however,  although  at  first  very  extensively  adopted,  has  given  way 
to  the  gradual  growth  of  knowledge.  There  is  no  analogy  between 
a  dry  oxygen  acid  and  a  chloride  ;  but  the  chlorides  are  in  perfect 
analogy  with  the  neutral  salts.  Thus  Cu.Ci.  does  not  resemble  S.O3, 
but  Cu.S.O,  and  Cu.Cl.+K.Ci.  are  analogous,  not  to  S.O, .  K.O.,  but 
to  the  double  salt,  Cu.S.O^-j-K.S.O,.  Bonsdorff's  idea  was  exactly 
counter  to  the  direction  of  truth  ;  he  sought  to  bring  all  salts  under 
the  one  head,  by  extending  to  ail  the  constitution  of  oxygen  acids 
and  oxygen  bases,  while  the  progress  of  science  has  led  us  to  the 
opposite  generalization  of  reducing  all  salts  to  the  simple  haloid 
type. 
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CHAPTER  XV. 


The  mullitude  of  salts  known  to  chemists  is  so  very  great,  that 
it  is  only  possible  to  detail  the  history  of  the  most  important  of 
each  class.  They  are  arranged  according'  to  their  bases,  except  in 
some  few  cases,  where  a  metal  is  also  the  radical  of  their  acid  ele- 
ment. In  that  case,  the  salts  of  the  acids  of  the  metal  are  described 
after  those  formed  by  its  oxides  with  other  acids.  This  plan  has 
been  adopted  in  order  to  give  as  much  unity  as  possible  to  the  his- 
tory of  each  metal,  and  influences  only  the  compounds  of  chrome 
nnd  arsenic  to  any  degree. 

Of  the  Salts  of  Potash. 
sium.—lLGl  Eq.  932  6  or  74-7.  This  salt  maj 
uced  by  neutralizing  potash  with  hydrochloric 
mdantly  in  the  water  of  many  briae  springs,  and 
ants.  It  is  very  soluble  in  water,  producing  so 
mpioyed  as  a  freezing  mixture  ;  it  crystallizes 
inhydrous;  its  principal  use  is  in  the  manufac- 


Cldoride  of  Polas 
be  artificially  prod 
acid.  It  exists  abi 
in  the  ashes  ef  pi 
much  cold  as  to  be 
ia  cubes,  which  are 
tnre  of  alum. 

Iodide  of  Potassium. ^K.[.  Ec[.  2069-4  or  165-8.  A  variety  of 
processes  may  be  employed  to  prepare  this  salt.  One  of  the  sim- 
plest consists  in  dissolving'  iodine  in  solution  of  potash  until  this  is 
completely  neutralized.  The  potash  being  decomposed,  there  is 
formed  from  61.  and  6K.0.,  5K.I.  and  K.O. .  I.O,.  The  solution  is 
evaporated  to  dryness,  and  the  mass  being  heated  to  redness,  is 
kept  fused  as  long  as  bubbles  of  oxygen  gas  are  given  off;  the  re- 
sidual salt,  which  is  pure  iodide  of  potassium,  is,  when  cold,  to  be 
dissolved  in  its  weight  of  boiling  water,  and  allowed  to  crystallize 
very  slowly.  A  certain  loss  may  occur  in  this  process  if  the  heat 
applied  be  too  high,  and  if  the  temperature  be  not  high  enough,  io- 
date  of  potash  may  remain  undecomposed  j  this  last  effect  being 
advantageous  to  the  manufacturer  by  increasing  the  quantity  of 
product,  is  more  liable  to  occur,  and  may  be  detected  by  means  of 
tartaric  acid,  as  very  ingeniously  proposed  by  Mr.  Maurice  Scanian. 
This  acid  is  without  action  on  pure  iodide  of  potassium,  farther 
than  to  liberate  hydrjodic  acid,  which  remains  for  a  certain  time 
unaltered ;  but  if  a  trace  of  iodate  of  potash  be  present,  the  iodic 
acid  which  is  set  free  immediately  reacts  on  the  hydriodic  acid, 
water  being  formed  and  iodine  liberated,  which  may  be  recognised 
by  means  of  starch. 

Another  process,  adopted  by  the  London  and  Edinburgh  Phar- 
macopceias,  consists  in  putting  together  iodine,  metallic  iron,  and 
carbonate  of  potash  ;  the  iron  and  iodine  unite  directly  to  form,  a 
soluble  iodide  of  iron,  which  is  decomposed  as  rapidly  as  formed 
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T)y  the  carbonate  of  potash.  Iodide  of  potassium  is  produced  with 
©side  of  iron  and  carbonic  acid  ;  a  quantity  of  the  latter  combines 
witli  the  oxide  of  iron,  but  as  this  is  not  pure  protoxide,  most  of 
the  carbonic  acid  is  evolved  as  gas.  The  reaction  consists  in  Fe.I. 
and  K.O. .  CO,,  giving  rise  to  K.I.  and  Fe.O. .  CO,.  The  liquor  be- 
ing filtered  and  evaporated  to  a  pellicle,  the  iodide  of  potassium  is 
obtained  crystallized.  This  salt  crystallizes  in  cubes;  sometimes 
in  square  prisms,  which  are  macles.  It  is  not  deliquescent  when 
pure,  and  is  witliout  action  on  turmeric  paper;  by  this  means  it  is 
known  to  be  free  from  carbonate  of  potash.  It  is  sometimes  adul- 
terated by  chloride  of  potassium,  which  may  be  detected  by  decom- 
posing its  solution  by  nitrate  of  silver,  washing  the  precipitate  with 
water,  digesting  it  in  strong  water  of  ammonia,  and  filtering ;  if  the 
solution,  when  rendered  slightly  acid  with  nitric  acid,  give  a  white 
precipitate  of  chloride  of  silver,  chloride  of  potassium  was  present, 
and  its  amount  may  be  thus  determined. 

The  iodide  of  potassium  is  extensively  used  in  medicine,  by  the 
chemist  ns  a  reagent,  and  for  the  preparation  of  other  metallic  io- 
dides. 

A  solution  of  iodide  of  potassium  dissolves  iodine  in  large  quan- 
tity, forming  a  brown  liquor  used  in  medicine.  It  is  not  certain, 
however,  that  in  this  case  any  definite  compound  (as  a  biniodide) 
is  formed. 

Bromide  of  Pota3sivm.~K..BT.  Eq.  1468-3  or  117-6.  This  salt 
may  be  prepared  exactly  as  the  iodide  of  potassium,  which  it  re- 
eemhles  in  most  of  its  physical  characters.  It  is  recognised  by 
giving,  with  oil  of  vitriol,  orange-red  fumes  of  bromine.  The  com- 
mercial article  is  frequently  adulterated  with  chloride  of  potassium, 
the  presence  of  which  may  be  detected  as  follows ;  dissolve  100 
grains  of  the  salt  in  four  ounces  of  water,  and  decompose  it  by  an 
excess  of  nitrate  of  silver  ;  collect  the  precipitate,  wash  it  carefully, 
and  dry  it  in  a  capsule  till  it  ceases  to  lose  weight ;  then  weigh  it. 
If  it  were  perfectly  pure,  the  bromide  of  silver  should  weigh  158-8 
grains;  but  the  presence  of  chloride  of  potassium. wouldhave  the 
effect  (from  the  smaller  equivalent  of  chlorine)  of  increasing  the 
weight ;  therefore,  if  the  precipitate,  when  quite  dry,  weighs  more 
than  158'8  grains,  the  sample  is  impure,  and  the  quantity  of  chloride 
present  may  be  calculated  from  the  overplus  weight,  for  100  grains 
of  pure  chloride  of  potassium  should  give  192-6  grains  of  precipi- 
tate. Thus,  if  there  were  10  per  cent,  of  impurity,  the  precipitate 
would  weigh  162  grains;  if  20  per  cent.,  it  would  weigh  165'4, 
Thus  the  precipitate  increases  in  weight  about  3-3  for  each  10  per 
cent,  of  chloride  of  potassium  present. 

The  properties  of  the  Fluoride  and  of  the  Silico-fluoride  of  Potas- 
sium are  not  of  importance  beyond  what  has  been  already  said  in 
p.  321,  323,  and  324. 

S-uIpliale  of  Potash.— K.O. .  S.O,  Eq.  109M  or  87-43.  This  salt 
is  produced  upon  the  large  scale  in  the  manufacture  of  the  sulphu- 
ric and  nitric  acids,  where  nitrate  of  potash  is  employed.  It  may  be 
prepared  by  the  direct  union  of  its  constituents,  and,  being  but  spa- 
ringly soluble,  it  precipitates  as  a  fine  crystalline  powder  when  oil 
of  vitriol  is  mixed  with  a  strong  solution  of  potash.    It  is  more  sol- 
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uble  in  boiling  water,  and  crystallizes,  on  cooling,  in  right  rhombic 
prisms,  or  in  sis-sided  prisma  terminated  by  pyramids,  which  are 
macles,  being  formed  by  the  union  of  three  simple  crystals,  as  de- 
scribed in  p.  28.  In  the  figures,  A  represents  the 
the  three  rhombic  prisms  adhere  together,  the 
marking  the  corresponding  planes  in  each  original,  a: 
B  the  form  which  results  when  all  traces  of  the  junutio 
have  disappeared.  This  salt  does  not  contain  water;  its 
crystals  decrepitate  violenfjy  when  heated,  but  are  not  dec 
100  parts  of  water  dissolve  8-3  of  the  salt  at  32^,  and 
25  parts  at  212°.  This  salt  combines  with  dry  sul- 
phuric acid  to  form  a  bisulphate  of  potash,  K.0.-{-  i 
2S,03,  which  may  be  prepared  by  exposing  the  nen- 
tral  salt  to  the  vapour  of  dry  sulphuric  acid,  or  by 
dissolving  it  with  IS  equivalents  of  oil  of  vitriol  in 
the  smafiest  possible  quantity  of  distilled  water. 
This  bisulphate  of  potash  cryslallizes  in  small  prisr 
gradually  decomposed  by  water,  the  following  salt  being 
Common  BistdpJiale  of  Potash.  Double  Sulphate  of  Wnt> 
asA.— K.O.  .S.Oa+H.O.  .S.Oa.  Eq.  1704.-7  or  136-6.  T 
produced  when  nitrate  of  potash  is  decomposed  by  two  atoms  of 
oil  of  vitriol,  and  is  formed  when  neutral  sulphate  of  potash  is  gen- 
tly heated  with  half  its  weight  of  oil  of  vitriol  to  just  beiow  red- 
ness. It  may  be  obtained  crystallized  from  a  strong  solution  in 
right  rhombic  prisms.  It  is  decomposed  into  neutral  sulphate  and 
oil  of  vitriol -by  a  large  quantity  of  water.  When  heated  to  full 
redness,  it  fuses,  and  may  be  obtained,  on  cooling,  in  oblique  rhom- 
bic crystals ;  it  is  thus  dimorphous  (see  p.  227) ;  at  a  higher  tern 
perature  it  abandons  its  excess  of  acid,  and  neutral  sulphate  re- 
There  exists  also  a  kydrateil  sesquisulpkate  of  potash.,  2(K.O. .  S.Oj) 
+H.O..S.Oj,  which  crystallizes  in  fine  needles.  Similar  com- 
pounds of  sulphate  of  potash  with  hydrated  nitric  and  phosphoric 
acids  have  also  been  described. 

Mtrate  of  Potash..  Saltpetre.  Jfilre.—X.O.  ."N.O^.  Eq.  1266'9  or 
101'5.  The  general  principles  of  the  formation  of  nitric  acid  by 
the  conjoined  action  of  decomposing  animal  matter  and  of  earthy 
bases  on  atmospheric  air,  have  been  described  already.  By  lixivi- 
ating the  materials  thus  obtained,  whether  naturally  or  from  arti- 
ficial nitre  beds,  with  water,  a  solution  is  obtained,  containing, 
among  other  saline  matters,  a  considerable  quantity  of  nitrate  of 
lime  ;  this  is  then  decomposed  by  an  impure  carbonate  of  potash, 
and  carbonate  of  lime  being  precipitated,  a  solution  of  nitrate  of 
potash  is  obtained,  from  which  the  salt  is  procured  by  evaporation 
and  crystallization.  Its  form  is  that  of  a  six-sided  prism  with  dihe- 
dral summits,  derived  from  the  right  rhombic  system.  It  is  anhy- 
drous ;  100  parts  of  water  dissolve  13'3  parts  at  BT,  and  24-0  parts 
at  212°;  when  heated  to  redness,  it  melts  and  evolves  oxygen,  at 
first  pure,  but  subsequently  mixed  with  nitrogen  gas. 

Aa  niirate  of  poiasli  contains  oxygen  in  large  quantity,  and  gives  it  ont  readily  to 
combustible  bodies,  it  is  much  employed  for  the  preparation  ol  fireworks,  and  espe- 
cially of  gunpowder.  The  action  of  gunpowder  depends  upon  its  generaiiug,  when 
decomposed,  a  large  quantity  of  gases,  which  occnpy  more  than  lOOO  times  its  vol- 


b,  Google 


424  MANCFAOTrUE     OF     GUNPOWDER. 

ame,  II'  this  took  place  instantaneousl)',  all  Ijodies  near,  wliich  could  not  resisl 
this  force,  would  be  burst  or  brokec;  as  totes  place  with  chloride  of  azote,  which,  if 
placed  in  a  gun,  would  burst  it,  but  have  no  power  lo  propel  a  ball ;  the  detomposi- 
liOD  of  gunpowder,  however,  occupying  a  certain  time,  the  disengagement  of  gas  Is 
progressive,  and  the  baU  is  forced  through  the  barrel  with  the  velocity  due  to  the  ul- 
timate effect  of  the  whole  quantity  of  gas  produced.  "When  gunpowder  is  completely 
decomposed,  the  products  are  found  to  be  sulpharet  of  potassium,  nilrLgen,  and  car- 
bonic acid  gas,  and  from  these  the  proportions  by  weignt  of  its  constituents  may  be 
calculated,  for  S.,  K.O. .  K.Ob,  and  3C.,  produce  K.S.,  N.,  and  3C.0i.  The  parti  by 
weight  are,  therefore, 


3C,=  18-3  —  ia-5 


lUUO      lUOO      IIXI'O 


The  proportions  employed  in  the  government  Ikctories  of  the  most  important  cooi»- 
tries  are  given  also  above.  The  Prussian  miiture  agrees  beat  with  theory.  For  the 
coarse  blasting  powder,  there  are  employed  sixty-live  parts  of  saltpetre,  twenty  of 
sulphur,  and  fifteen  of  charcoal.  The  eJtcess  of  sulphur  renders  the  eiplosion  more 
intense^  but  would  corrode  firearms  too  much.  A  mixture  of  three  parts  of  salt- 
petre, four  of  carbonate  of  potash,  and  one  of  sulphur,  is  decomposed  instantaneously 
when  fused,  and  with  aji  explosion  so  violent,  thai,  if  it  be  placed  oaa  thin  iron  plate, 
it  may  be  perforated.  If  three  parts  of  nitre  be  mixed  with  one  of  tinely-powdered 
charcoal,  a  mass  is  obtained  which,  when  touched  with  an  ignited  coal,  bums  nearly 
as  fast  as  loose  gunpowder,  but  totally  without  explosion.  It  is  therefore  the  sul- 
phur which  deteimioes  the  violence  and  rapidity  of  the  deflagration  of  gunpowder, 
while  the  charcoal  produces  the  great  volume  of  gas  on  which  its  mechanical  effect 
depends. 

The  preparation  of  the  materials  for  making  gunpowder  requires  great  care. 
Most  of  the  success  depends  on  the  preparation  of  the  charcoal.  This  should  be 
made  from  a  l^ht  wood  containing  little  ashes,  such  as  birch,  and  carbonized  in  cyl- 
inders, very  slowly,  and  at  the  lowest  possible -lieat.  When  reduced  to  impalpable 
powder,  this  charcoal  is  so  inflammable  as  sometimes  to  take  fire  at  ordinary  tern- 
peramres.  The  puriticatfon  of  the  saltpetre  is  performed  by  successive  recrvstalli- 
zations,  and  by  washing  the  crystals  with  water  already  saturated  with  saltpetre, 
which  dissolves  out  any  common  salt  that  may  be  present,  but  does  not  act  on  the 
crystals  of  saltpetre.  The  description  of  the  mechanical  operationa  of  themanufiic- 
ture  wouldbeoulof  placehere. 

HypocHorUe  of  Potash. — When  gaseous  chlorine  is  passed  into  a  solution  of  carbon- 
ate of  potash.  It  is  abundandy  absorbed,  but  no  carbonic  acid  is  disengaged  until 
the  liquor  contains  an  atom  of  ohlorine  for  every  two  atoms  of  alkaline  carbonate. 
On  examination,  il  is  tbenfoundtocontainhypochlorite  of  potash,  chloride  of  potas- 
sium, and  bicarbonate  ofpotash,  which  are  mixed  in  solution,  and  may  be  partially 
separated  by  crystallization.  The  reaction  has  been  such  that  3C1.  and  411,0.  .  C. 
0,  give  K.C1.,  K.O. .  C1.0.,  and  2(K.O.-f  C.Oa-l-H.O. .  C.Oa).  If  the  stream  of  chlo 
line  be  continued,  carbonic  acid  is  copiously  evolved,  and  as  much  more  chlorine  is 
absorbed,  giving  ultimately  a  mil  ture  of  K.Cl.  and  K.O. .  Cl.O.  The  liquor  becomes 
deep  yellow,  owing  to  the  liberation  of  a  quantity  of  hypochlorous  acid  by  the  free 
carbonic  acid,  and  hence  the  quantity  of  chlorine  absorbed  amoanis  to  much  more 
than  the  exact  atomic  proportion. 

Farther  details  of  the  theory  of  these  bleaching  compounds  are  given  under  the 
head  of  chloride  of  time. 

Chlorate  of  Potash.— 'K.O.  .  01.0^,  Eq.  1532-6  or  122-81.  When 
chlorine  gas  is  passed  into  a  strong  solution  of  potash,  it  is  absorbed 
rapidly  until  the  alkali  is  completely  neutralized,  and  chloride  of 
potassium  and  hypochlorite  of  potash  are  formed  ;  2K.0.  and  201. 
giving  K.Cl.  and  K.O. .  Cl.O.  If,  then,  this  liquor  be  hoiled  for  some 
time,  oxygen  gas  is  given  off,  the  hypochlorite  being  decomposed, 
and  chloride  of  potassium  and  chlorate  of  potash  beinw  formed  j 
9(K.O.  .  Cl.O.)  producing  120.  with  8K.C1.  and  K.O. .  Ol.Oi.  If  ear. 
bonate  of  potash  has  been  employed,  the  absomtion  of  the  chlorine 
is  rapid  until  half  of  the  salt  has  been  decomposed  and  the  remain- 
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der  converted  into  bicarbonate,  from  combining  with  the  evolved 
carbonic  acid,  as  described  under  the  preceding  head  ;  but  a  high 
temperature  and  a  great  excess  of  chlorine  being'  necessary  to  com- 
plete the  reaction,  render  the  operations  tedious  and  very  trouble- 
some! and  as,  owing  to  the  large  quantity  of  oxygen  evolved,  there 
is  but  one  equivalent  of  chlorate  of  potash  obtained  by  the  action 
of  eigfhteen  equivalents  of  chlorine  on  eighteen  of  potash,  tlie  pro- 
cess is  one  of  considerable  expense. 

We  owe  to  Graham  a  method  which  is  free  from  these  disadvan- 
tages. If  an  equivalent  of  carbonate  of  potash  be  mixed  with  one 
of  hydrate  of  lime  (by  weight  about  2  of  K.O.  .  CO  to  1  of  Ca.O. . 
H.O.),  and  exposed  to  a  current  of  chlorine,  the  gas  is  absorbed  with 
avidity,  and  the  solid  mass  becomes  very  hot,  while  water  is  given 
off  abundantly.  When  saturated,  it  may  be  gently  heated  to  com- 
plete the  decojnposition.  No  osygen  is  given  oiF,  the  reaction  being 
that  6{K.O.  .  COO  and  6(Ca.O.  .  H.O.),  acted  on  by  6C1.,  produce 
5K.CI.,  6Ca.O.  .  CO,,  and  K.O.  .  Cl.Oj,  while  6H.0.  are  evolved. 
By  digesting  the  mass  in  water,  the  potash  salts  are  dissolved  out, 
carbonate  of  lime  remaining,  and  the  chlorate  of  potash  may  be 
separated  from  the  chloride  of  potassium  by  crystallization.  By  this 
means  three  times  as  much  product  may  be  obtained  from  the  same 
materials  as  by  the  older  process. 

This  salt  crystallizes  in  rhoraboidal  tables  of  a  pearly  lustre  :  it  is 
anhydrous:  100  parts  of  water  dissolve  but  3-5  parts  at  32^  and  60 
parts  at  219".  It  tastes  sharp  and  cooling,  like  nitre  ;  when  heated, 
it  melts  and  evolves  oxygen  gas,  being  decomposed  into  chloride  of 
potassium  and  hyperchjorate  of  potash  ;  on  increasing  the  heat,  this 
also  is  decomposed,  and  chloride  of  potassium  remains  pure.  Its 
uses  in  preparing  oxygen,  and  the  compounds  of  chlorine  and  oxy- 
gen, have  been  already  noticed.  From  its  supplying  oxygen  still 
more  readily  than  nitre,  it  is  the  basis  of  a  variety  of  deflagrating 
mixtures.  When  rubbed  in  a  mortar  with  sulphur  or  with  sulphu- 
ret  of  antimony,  it  explodes  violently.  Placed  in  contact  with  a 
minute  bit  of  phosphorus  on  an  anvil,  and  struck  by  a  hammer,  it 
gives  a  dangerous  detonation.  The  ordinary  lucifer  matches  are 
formed  by  mixtures  of  chlorate  of  potash  with  sulphur  and  charcoal, 
or  sulphureC  of  antimony  or  of  cinnabar,  made  into  a  paste  with 
gumarabic,  and  applied  to  the  extremity  of  a  bit  of  stick,  previously 
smeared  with  sulphur.  Students  should  be  very  cautious  how  they 
employ  this  salt  ia  such  experiments  as  those  now  noticed. 

PercMoraii!  of  Potash— K.O.  .CIO,;  Eq.  ITSS-fi  or  138'B— is  of  importance  only 
ik>in  being  one  of  the  least  soluble  salts  of  potash,  and,  eonsequenlly,  that  the  per- 
chlorie  acid  may  be  used  as  a  lest  for  the  presence  of  potash  (n  solution,  it  giving 
a  granular  crystalline  precipitate  if  that  alkali  be  present.  Its  preparation  is  suf- 
licieiitly  noticed  in  page  306. 

The  Silicate  of  PoUtsh  is  of  considerable  importance  as  a  constituent  of  glass,  and 
will  be  noticed  as  such  hereafter. 

lada^  of  Poiask~K,0. .  l.Os.  This  salt,  which  is  but  sparingly  soluble  in  water, 
may  be  dbtainaii  by  neiKraUsing  the  perchloride  of  iodine  with  caaslic  potash ;  I. 
Cljand  6K.0.  ppodnoe  BK.Cland  K.O,.I.Oi,    This  last  separates  in  crvsialline 


1 1  has  a  remarkable 
■a  Epeolally  in 
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Sails  of  Sodium. 

Chloride  of  Sodium.  Common  Salt.  Sea  Sail — Nfi.CI. ;  Eq.  733-6 
or  58-8 — exists  in  great  nbmidance  in  nature  ;  solid,  as  rock  sail, 
and  in  solution  in  the  water  of  the  ocean,  and  of  many  inland  seas 
and  lakes.  The  deposites  of  rock  salt  occur  only  among  the  more 
recenl  (secondary)  geological  formations,  iyiag-  above  the  coal,  and 
in  connexion  with  the  new  red  sandstone,  as  in  Chesiiire.  The  beds 
of  salt  are  sometimes  of  great  magnitude ;  thus,  at  Northwich,  the 
bed  now  worked  is  supposed  to  be  not  less  than  60  feet  thick,  a  mile 
and  a  half  long,  and  1300  yards  wide  ;  and  the  deposites  at  Wie- 
liczka,  in  Poland,  appear  to  be  still  larger.  The  origin  of  these  de- 
posites of  salt  is  probably  to  be  found  in  the  gradual  drying  up,  by 
evaporation,  of  salt  lakes,  to  which  fresh  quantities  of  salt  were  con- 
tinually supplied  by  the  surrounding  springs.  Owing  to  admixture 
of  earthy  matters,  the  rock  salt,  as  quarried,  is  generally  brownish- 
coloured,  and  hence  cequires  to  be  dissolved  in  water  and  crystal- 
lized for  use.  The  expense  of  extracting  the  salt  may  be  in  many 
cases  lessened,  by  simply  boring  down  to  the  bed  with  a  pipe  a  faw 
inches  in  diameter,  and  letting  thereby  water  run  in  upon  the  salt ; 
a  strong  solution  of  salt  is  thus  produced,  which  is  pumped  up  and 
evaporated.  The  expense  of  sinking  a  shaft  and  quarrying  out  the 
solid  salt  is  thus  avoided. 

In  warm  coimtries,  as  on  the  coasts  of  Portugal  and  of  the  south  of 
Prance,  salt  is  obtained  by  the  spontaneous  evaporation  of  sen-wa- 
ter, which  is  allowed,  on  the  rise  of  the  tide,  to  fiow  into  shallow 
basins,  being  passed  from  one  to  another,  according  as  it  becomes 
more  concentrated,  and,  finally,  the  evaporation  being  finished  by 
means  of  artificial  heat.  The  sea-watev  is  not  evaporated  to  dry- 
ness, as  its  other  saline  ingredients  would  in  that  case  be  mixed 
with  the  common  sah.     The  sea-irater  is  generally  composed  of 


mmon  sah.     The  sea-irat 

r  is  gene 
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Chloride  of  sodium     .     . 

.     2-50 

Chloride  of  magnesium  . 

.     0-3.^ 

Sulphate  of  magnesia      . 

.     0-58 

Carbonate  oflhneand    > 

.     0-02 

100 

Carbonate  of  magnesia  ) 

Sulphate  of  lime    .     .     . 

.     0-01 

Water 

.  96-54 

ivlth  generally  some  traces  of  iodide  and  brom 

According  as  the  evaporation  proceeds,  the  con 

ited  in  crystals,  and  the  mother  liquor,  or  bitlern,  being  rich  in  salts 

of  magnesia,  is  preserved  for  the  manufacture  of  Epsom  salts. 

In  addition  to  these  sources,  chloride  of  sodium  may  he  obtained 
by  the  direct  combination  of  its  elements,  or  by  decomposing  car- 
bonate of  soda  by  muriatic  acid.  In  practice,  however,  this  is  never 
done. 

Chloride  of  sodium  crystallizes  in  cubes.  Its  taste  is  purely  sa- 
line. It  is  equally  soluble  ia  water  at  all  temperatures,  100  of  wa- 
ter dissolving  36-.') ;  by  a  very  strong  heat  it  may  be  volatilized. 
Its  crystals  are  anhydrous,  but  are  generally  fissured,  containing 
water,  which,  when  heated,  bursts  the  crystal,  producing  loud  dp. 
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crepitation.  A  strong  solution  of  salt  does  not  freeze  at  0",  but  de- 
poaiies  crystals  in  rhombic  plates,  which  are  a  hydrated  chloride 
of  sodium.  If  these  crystals  be  heated  beyond  15"  they  give  out 
water,  and  are  changed  into  minute  cubes. 

The  uses  of  chloride  of  sodium  are  very  numerous  and  important. 
Besides  being  employed  in  seasoning  food,  it  is  now  universally  the 
source  from  whence  the  other  compounds  of  sodium,  such  as  the 
carbonate  and  sulphate,  are  obtained.  It  is  employed  also  iu  the 
manufacture  of  glass  and  of  porcelain,  and  as  a  manure. 

The  bjvmide  and  iodide  of  Sodium  resemble,  in  properties  and  mode 
of  preparation,  the  corresponding  compounds  of  potassium,  and  do 
not  require  special  notice. 

Sulphate  of  Soda.  Glauber's  Salt.— '^a.O.  .^.O^-^-ld  kq.  Eq.S92-l 
+  1125  or  7148+90.  So  named  after  its  discoverer:  exists  in  some 
mineral  watets,  and  may  be  prepared  by  neutralizing  carbonate  of 
soda  by  dilute  sulphuric  acid.  For  the  purposes  of  commerce,  it  is 
manufactured  in  great  quantities  from  common  salt,  as  described 
under  the  head  of  muriatic  acid  (p.  307). 

As  it  is  not  the  object  of  the  process  to  economize  (he  muriatic 
acid  gas,  the  decomposition  is  carried  on  in  a  reverboratory  furnace 
similar  to  that  figured  in  p.  333.  Three  or  four  hundred  weight  of 
salt  being  spread  over  the  floor  of  the  furnace,  forming  a  layer  three 
or  four  inches  deep,  the  equivalent  quantity  (an  equal  weight)  of 
sulphuric  acid,  of  the  strength  1'600,  ns  taken  from  the  chambers,  is 
poured  in  through  an  aperture  in  the  dome,  and  a  moderate  fire  kept 
up  until  the  materials  begin  to  dry  ;  the  fire  is  then  increased  grad- 
ually until  all  the  muriatic  acid  gas  has  been  expelled,  and  the  resid- 
ual sulphate  of  soda  begins  to  fuse.  The  acid  gas  passes  up  the 
chimney,  and  is  either  allowed  to  pass  away  into  the  air,  or  is  con- 
densed by  meeting  with  a  stream  of  water,  and  the  weak  liquid  acid 
thus  formed  is  suffered  to  run  to  waste.  The  greater  part  of  the 
sulphate  of  soda  thus  produced  is  immediately  used  to  make  car- 
bonate of  soda ;  but  to  form  Glauber's  salt,  it  is  only  necessary  to 
dissoli'e  it  in  warm  water,  and  let  it  crystallize  by  cooling. 

The  sulphate  of  soda  crystallizes  in  six-sided  prisms,  as  in  the 
figure,  very  much  channelled  at  the  sides.  It  is 
easily  soluble  in  water,  having  a  point  of  maxi 
mum  solubility  at  93%  as  figured  in  page  22.  Its  i^ 
ordinary  crystals  contain  56  per  cent,  of  water ; 
by  exposure  to  the  air  it  loses  all  its  water  by  I 
efflorescence,  and  fallsintoawhite  powder;  from  \ 
a  hot  saturated  solution  opaque  rhombic  octohe- 
dral  crystals  are  deposited,  which  are  anhydro 
The  isomorphism  of  these  crystals  with  permanganate  of  barytes, 
and  the  speculations  founded  on  it,  have  been  noticed  p.  224.  A 
bisulpAale  aad  a  sesquisulphaie  of  Soda  may  be  formed  by  adding 
oil  of  vitriol  to  a  solution  of  the  neutral  salt,  and  crystallizing  by 
evaporation.  They  are  much  less  determinate  than  the  acid  sul- 
phates of  potash. 

mtraie  of  Soda.  Cubic  Mtre.—'Na.O. .  N.O;.  Eq.  1067-5  or  85-57. 
The  spontaneous  formation  of  this  salt  by  the  atmospheric  influence, 
probably  on  a  soil  containing  chloride  of  sodium,  has  been  noticed 
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p.  277.  It  may  also  be  obtained  by  means  of  nitric  acid  and  carbon- 
ate of  soda.  It  crystallizes  in  rliombs,  isomorphous  with  calc  spar 
(p.  224).  It  is  very  soluble  in  water,  and  is  slightly  deliquescent; 
hence  it  cannot  be  employed  in  the  manufacture  of  gunpowder.  It 
IS  used  for  the  manufacture  of  nitric  and  sulphuric  acids,  and  as  a 

Hyposulphite  of  Sorfa.— Na  0.  .  8,0,+ 10  Aq.  This  salt,  which 
nas  become  of  some  practical  interest,  from  its  use  in  dissolving 
off  the  sensitive  silver  compounds  in  making  photogenic  drawings, 
may  be  made  by  boiling  together  three  parts  of  dry  carbonate  of 
soda  with  one  of  sulphur  until  this  last  is  dissolved,  and  then  pass 
ing  a  stream  of  sulphurous  acid  gas  through  the  liquor  until  it  smells 
strongly  of  it.  Nn.O.  .  C.Oj,  with  S.  and  S.Oj,  produce  Na.O.  .  SA, 
while  C.Oj  is  evolved.  If  the  three  parts  of  carbonate  of  soda  be 
boiled  with  two  of  sulphur,  and  the  deep  yellow  liquor  be  exposed 
to  the  air  until  it  yields  a  colourless  liquor  on  filtration,  the  salt  is 
more  simply  produced,  the  necessary  quantity  of  oxygon  being  ab- 
eorbed  from  the  air.  The  hyposulphite  of  soda  thus  formed  is  easily 
soluble  in  water.  Its  resemblance  to  Glaaber'a  salt  in  form,  and  its 
other  properties,  are  noticed  in  p.  291. 

HypocHorite  of  Soda.  Chloride  of  Soda.  Disinfecting  Liquor  of 
Labaraque — Is  produced  by  treating  a  solution  of  carbonate  of  soda 
with  chlorine  as  long  as  this  is  absorbed,  but  no  carbonic  acid 
evolved.  For  farther  observations,  see  the  hypochlorites  of  potash 
and  of  lime. 

A.  Tribasic  Phosphate  of  Soda. — The  common  phosphate  of  soda 
of  the  shops  is  a  tribasic  salt,  containing  (P.05+2Na.O.+H.O,)  + 
1A  Aq.  It  is  prepared  by  decomposing  the  solution  of  acid  tribasic 
phosphate  of  lime  obtained  from  bones  (as  described  in  p,  295)  by 
means  of  carbonate,  of  soda.  Carbonate  of  lime  is  thrown  down, 
and  phosphate  of  soda  formed.     It  is  easily  soluble  in  water,  and 

crystallizes  in  oblique  rhombic  prisms,  as  in  the  fig- 
ure, which  react  alltaline.     When  exposed  to  the 
air,  it  loses  some  of  its  water  by  efflorescence  (ten 
atoms  1),  but  the  crystals  retain  their  form.     If  this 
salt  be   mixed  with  an  excess  of  caustic  soda,  the 
atom  of  basic  water  is  displaced,  and  the  subpbos- 
phate  of  soda  (P.Oi  +  3Na.O-l-24.  Aq.)  crystallizes  in 
long  prisms ;  and  by  the  addition  of  hydrated  phos- 
phoric acid  to  its  solution,  and  cautious  evaporation, 
the  acid  tribasic  phosphate  (P.O_5+Na.O.+2H.O.)+2  Aq.,  which 
crystallizes  in  oblique  rhombic  prisms,  is  formed :  it  is  dimorphous. 
The  characteristic  of  these  three  salts  is  to  give  with  nitrate  of 
silver  a  yellow  precipitate  of  tribasic  phosphate  of  silver. 

B.  Bibasic  Phosphate  of  Soda.— Of  these  salts,  that  termed  the  Py- 
rophosphate of  Soda,(P.O,+^'N&.O.)  +  10  Aq.,  is  of  interest,  as  its  dis- 
covery led  the  way  to  the  true  history  of  these  bodies.  It  is  form- 
ed by  fusing  the  common  phosphate  of  soda,  (P.O^-l-2Na.O.+H.O.) 
+24  Aq.,  at  a  red  heat.  All  the  water  of  crystallization  is  given 
off  at  a  very  moderate  heat ;  but  by  a  red  heat  the  twcnty.fiftb  or 
basic  atom  is  expelled,  and,  when  the  salt  is  then  redissolved,  the 
phosphoric  acid  does  not  recombino  with  basic  water,  but  r 
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united  on]y  witK  the  soda.  It  ia  recognised  by  giving  a  white  pre- 
cipitate with  nitrate  of  silver. 

C.  The  Monobasic  Phosphate  of  Soda,  P.O^-f  Na.O,,  is  obtained  hj 
heating  the  acid  tribasic  or  bibasic  jihoaphates  of  soda  to  redness. 
Ail  the  volatile  base  being  thus  expelled,  the  phosphoric  acid  re- 
mains combined  with  one  equivalent  of  soda.  This  salt  fuses  into 
a  transparent  glass ;  ia  deliquescent ;  its  solution  does  not  crystal- 
lize. It  is  easily  recognised  by  throwing  down  from  solutions  of 
lead  and  silver,  precipitates,  which  are  not  powders,  but  soft,  tena- 
cious pastes. 

Borates  of  Soda. — Boracic  acid  combines  with  soda  in  many  pro- 
portions, forming  saltsf  of  which  the  most  important  is  the  biborate, 
the  borax  of  commerce  (Na.0.  +  2B.0,)+ 10  Aq.  It  exists  in  the 
wafer  of  several  lakes  in  Thibet  and  China,  also  in  Hungary,  and 
was  imported  thence  in  small  crystals,  smeared  with  a  fatty  matter, 
under  the  name  of  tinkal.  The  borax  of  commerce  is  now  obtained 
by  treating  the  native  boracic  acid  obtained  from  Tuscany,  p.  326, 
by  carbonate  of  soda.  On  the  application  of  heat,  the  acid  dissolves 
with  the  evolution  of  carbonic  acid  and  ammonia ;  the  liquor  is  run 
into  large  vats  lined  with  lead,  where  it  cools  very  slowly,  and  the 
borax  gradually  crystallizes  in  oblique  rhombic  prisms,  as  i,  u,  m, 
in  the  figure.  If  a  strong  solution  of  boras  be  kept  at 
33',  the  salt  crystallizes  in  regular  octobedrons  with  |<j^l  t  '  J\, 
only  five  atoms  of  Water.  Although  this  salt  contains  '^ 
two  equivalents  of  acid,  it  has  an  alkaline  reaction : 
when  healed,  it  froths  up  very  much,  abandoning  its 
water.  The  dry  salt  melts  at  a  red  heat  into  a  colour- 
less glass,  wbich  dissolves  most  metallic  oxides  very  readily,  and 
hence  is  sei-viceable  in  experiments  with  the  blowpipe,  as* enabling 
the  metals  to  produce  the  coloured  glasses  by  which  they  are  rec- 
ognised ;  under  the  head  of  glass  and  porcelain,  its  use  in  these 
branches  of  art  will  be  again  noticed. 

The  remaining  compounds  of  boracic  acid  with  soda,  as  the  neu- 
tral borate,  Na.O. .  B.O,  +  8  Aq.,  and  acid  salts,  as  Na.O. -I- iB.Oj  and 
Na.O.+eB.Oj,  are  not  important. 

Silicate  of  Soda  will  be  described  under  the  head  of  glass. 

Sails  of  IMkinia. — From  the  rarity  of  this  body,  its  sails  require  no  farther  notice 
than  that  ils  carbonate  is  bui  very  sparingly  soluble  in  water,  yet  ils  solution  pos- 
sesses an  alkalice  reaction.    It  thus  serves  lo  connect  ihe  alkaline  wilh  the  earthy 

Salts  of  Barium. 

Chloride  of  Sarium.—BB.Ci. +2  Aq.  Eq.  1299-6  +  225  or  104-8-f 
18.  This  salt  may  be  prepared  by  decomposing  the  native  carbon 
ate  of  barytes  with  dilute  muriatic  acid,  or,  more  economically,  by 
decomposing  the  sulphuret  of  barium,  the  preparation  of  which  is 
described  in  p.  342,  by  dilute  muriatic  acid.  In  the  former  case, 
carbonic  acid,  in  the  latter,  sulphuretted  hydrogen,  is  given  off 
The  chloride  of  barium  crystallizes  from  a  hot  solution  in  rhom- 
boidal  tables  which  contain  14'7  of  water. 

Sulphate  of  Barytes.— Ba.O. .  S.O3.     Eq.  1458  or  119-5.     This  salt 
exists  native,  in  great  abundance,  being  the  m 
of  barytes.     It  is  very  generally  associated  wit 
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indication  of  the  probable  proximity  of  that  ore. 
oluble  in  water.  Its  crystalline  form  is  an  oblique 
rhombic  prism,  generally  very  flat,  as  in  the 
figure  J  derived  from  an  octohedron  of  which 
i  and  e  ace  pknea  ;  tbe  secondary  planes,  p 
and  M,  belong  to  the  prism.  It  is  one  of  the 
heaviest  of  saline  bodies,  its  specific  gravity 
being  4-3;  hence  its  name  ot heqvy  spar  and  terra ponJerosa.  When 
ground  to  fine  powder,  it  is  used  as  a  cheap  substitute  for  white 
lead  in  painting,  for  which  large  quantities  of  it  are  employed;  but 
its  crystalline  texture  prevents  it  having  the  opacity  or  body  neces- 
sary m  a  good  pigment.  It  may  be  prepared  artificially  by  adding 
sulphuric  acid  to  any  solution  containing  bnrytes  ;  it  falls  as  a  heavy 
white  crystalline  powder.  Its  total  insolubility  renders  its  constit- 
uents excellent  reagents  for  each  other, 

^■•^traie  of  Barytes—B^.O.  +N.0, ;  Eq.  1633'9  or  130-9— may  be 
produced  by  acting  on  carbonate  of  barytes  with  dilute  nitric  acid, 
or,  more  cheaply,  by  mixing  strong  hot  solutions  of  sulphuret  of  ba- 
rium and  nitrate  of  soda.  The  sparingly  soluble  nitrate  of  barytes 
crystallizes  as  the  mixed  liquors  cool,  but  the  sulphuret  of  sodium 
remains  dissolved.  In. this  process,  from  Ba.S.  and  Na  O.  .  N.Oj  we 
obtain  Ba.O. .  N.O^  and  Na.S.  This  salt  requires  twelve  parts  of 
cold  water  for  solution,  but  dissolves  in  four  of  boiling  water,  from 
which  it  crystallizes  on  cooling  in  octohedrons.  These  crystals  ate 
anhydrous.     When  bested,  they  yield  pure  barytes. 

The  other  salts  of  barytes  do  not  require  notice. 
Salts  of  Strontium. 

Chloride  of  Strontium.—Sr.C\.+GAq.  Eq.  989-9  or  79-32.  This 
salt  is  obtained  from  the  native  carbonate  or  sulphate  of  strontia, 
exactly  as  chloride  of  barium  is  obtained  from  the  native  sails  of 
barytes.  It  crystallizes  in  long  needles  which  deliquesce.  It  is 
very  soluble  in  water. 

Stilphaie  of  Strontia.— Sr.O..S.O>.  Eq.  1148-4  or  91-9.  This,  the 
most  abundant  source  of  strontia,  is  found  native  crystallized,  iso- 
morphous  with  sulphate  of  barytes.  It  may  be  produced  artificial- 
ly as  a  ^hite  powder,  by  adding  sulphuric  acid  to  any  solution  con- 
taining strontia.  It  is  dissolved  by  3000  parts  of  boiling  water,  and 
remains  dissolved  after  cooling.  It  is  fused  by  a  strong  heat ;  wiih 
charcoal  it  gives  sulphuret  of  strontium. 

JVitrate  of  Strontia — Sr.O.  .  K.O^— crystallizes  in  octohedrons, 
which  dissolve  in  five  parts  of  cold,  and  one  half  part  of  boiling 
water.  Mr.  Scanlan  has  observed,  that  during  the  crystallization 
of  this  salt  bright  flashes  of  light  are  emitted.  It  is  anhydrous,  but 
decrepitates  when  heated,  owing  to  mechanically  included  water. 
On  the  application  of  heat,  these  crystals  evolve  oxygen  and  nitro- 
gen, and  leave  pure  strontia. 

Salts  of  Calcium. 

Cklonde  of  Calcium— Ca.Cl  + 6  Aq.;  Eq.  698-7+675  or  55-9S4- 
54 — is  obtained  by  decomposing  carbonate  of  lime  with  muriatic 
acid.    In  the  laboratory  it  is  abundantly  procured  as  the  residue  of 
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the  preparation  of  carbonic  acid,  ammonia,  &:c.  It  is  very  soluble 
ill  water;  its  solution,  evaporated  to  tlie  consistence  of  a  sirup, 
gives,  by  cooling,  long,  striated,  rhombic  prisma,  which  deliquesce 
with  great  rapidi'v,  and  when  heated  undergo  watery  fusion,  soon 
after  which  it  abandons  two  thirds  of  its  water  of  crystallization, 
and  a  powder  is  obtained,  Ca.C].-|-,2  Aq.,  in  which  form  it  is  best 
adapted  for  freezing  mixtures.  Heated  still  farther,  it  becomes  an- 
hydrous, and  at  a  red  heat  fuses.  In  this  state  it  is  phosphorescent 
in  the  dark,  forming  Homberg's  pytophorus.  It  has  a  very  great 
affinity  for  water,  combining  with  two  atoms  of  it,  with  the  evolu- 
tion of  much  heat,  and  is  hence  employed  to  dry  gases  foi"  experi- 
mental purposes,  and  to  remove  water  from  liquids,  as  in  the  lecti- 
fi cation  of  alcohol. 

This  salt  combines  with  lime,  forming  an  oxychloride  of  calci 
urn,  Ca.CI.  +  3Ca.O.,  which  is  obtained  by  boiling  a  solution  of  it 
with  an  excess  of  lime,  and  filtering.  The  new  substance  crystal- 
lizes, on  cooling,  in  small  flat  rhombs,  which  contain  forty-nine  per 
cent.,  or  fifteen  atoms  of  water. 

The  bromide  or  iodide  of  Calcium  do  not  present  any  interest. 

Fluoride  of  Calcium,  Ca.F.,  is  an  abundant  mineral  known  asjiuor 
spar,  found  crystallized  in  cubes  and  octoh«drons,  but  principally 
massive.  When  first  extracted  from  the  earth  it  is  moderately 
tough  and  soft,  and  is  cut  into  ornaments, which  present  a  beautiful 
variety  of  colours.  Its  crystals  become  strongly  phosphorescent 
by  heat  or  by  electricity.  It  is  insoluble  in  water;  from  it  all  the 
other  preparations  of  fluorine  are  derived,  as  noticed,  in  p.  319,  324, 
and  327.  It  appears  as  a  gelatinous  precipitate  when  hydrofluoric 
acid  is  added  to  any  soluble  salt  oflime.  When  heated  in  contact 
with  siUoious  or  aluminous  minerals,  it  forms  easily  fusible  com- 
pounds, and  being  thus  of  use  as  njiua:  in  the  smelting  of  metalHo 
ores,  its  name  ofjluor  spar  was  thence  derived. 

Sulphate  of  Lime— Ca.O. .  8.0^+2  Aq. ;  Eq.  857'2-i-225  or  68-69  -i- 
18 — may  be  prepared  artificially,  by  mixing  a  solution  of  any  solu- 
ble salt  of  lime  with  puiphuric  acid.  It  forms  a  crystalline  powder, 
nearly  equally  soluble  in  hot  and  cold  water,  requiring  401  times  its 
weight  for  its  solution.  It  occurs  in  nature  abundantly,  and  in  vari- 
ous forms :  lat,  in  distinct  colourless  crystals  ;  2d,  in  semi-transpa- 
rent masses  of  crystalline  structure,  constituting  alabaster,  and  ia 
amorphous  masses,  forming  extensive  rocky  strata,  in  many  places, 
in  which  state  it  is  called  common g^sum.  From  thisplasia-  of  Paris 
ia  prepared,  by  calcining  the  gypsum,  broken  into  small  pieces,  in 
ovens  at  a  temperature  below  300'^,  until  its  water  of  crystallization 
is  expelled.  In  this  operation  it  falls  to  powder,  and  is  to  be  put  up 
in  tight  vessels  so  as  to  exclude  the  air.  When  mixed  with  water 
it  rapidly  lecombines  with  the  two  atoms,  evolving  heat  and  expand- 
ing in  becommg  solid,  so  as  to  fill  up  all  interstices  of  the  mould 
into  which  it  may  be  poured.  On  this  property  is  founded  the  art 
of  casting  in  plaster  and  the  formation  of  the  various  kinds  of  stucco, 
or  artificial  sione,  in  which  a  solution  of  glue,  or  of  various  earthy  salts, 
may  be  substituted  for  pure  water.  If  the  gypsum  be  heated,  in  ba- 
king, above  300',  it  is  changed  in  nature,  and  no  longer  combines 
with  water  so  as  to  set ;  it  is  then  converted  into  a  form  which  exists 
in  nature  crystallized,  and  which  is  termed  anhydrite. 
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A  double  salt  of  sulphate  of  lime  and  sulphate  of  soda  is  found 
native,  and  termed  Glauberite.  It  is  insoluble  in  water,  by  which 
it  is  also  decomposed.     It  cannot  be  formed  artiliciailj'. 

The  Hyposulphite  of  Lime  is  a  soluble  salt,  the  mode  of  preparing 
which  is  descrilsed  p.  291. 

The  J^itrali  of  Lime  is  very  deliquescent,  and  is  decomposed  hj 
a  moderate  heat. 

Phosphoric  acid  combines  wiib  lime  in  several  proportions,  of 
which  the  most  important  is  the  Basic  tribasia  Phosphate  of  Lime,  or 
Earth  of  Bones,  lliis  salt,  which  constitutes  the  inorganic  portion 
of  the  skeletons  of  the  mammalia,  mixed  only  with  small  quantities 
of  carbonate  and  sulphate  of  lime,, and  of  fluoride  of  calcium,  has  the 
formula  SCa.O.  +  3P.0j.  It  may  be  obtained  precipitated  by  dis- 
soSving'  bone  earth  in  muriatic  acid,  and  exactly  neutrttlizing  the  so- 
lution by  caustic  ammonia.  It  falls  as  a  gelatinous  powder  contain- 
ing four  atoms  of  water.  As  the  phosphoric  acid  of  bones  is  in  its 
tribasic  condition,  Graham  considers  it  to  be  a  combination  of  two 
phosphates,  thus,  2(3Ca.O.  .  P.Oi+Aq.)+(H.O.  .  2Ca.O,  .  P.O + 
Aq.).  Each  of  these  ti'ibasie  phosphates  of  lime  may  be  obtained 
separate,  by  decomposing;  solutions  of  chloride  of  calcium  by  solu- 
tion of  the  ordinary  phosphate,  or  of  the  subphosphate  of  soda. 

Hypochloi-ite  of  Lime.  Chloride  of  Lime.  Bleaching  Salt. — When 
spealting  of  the  oxygen  compounds  of  chlorine,  and  of  the  chlorate 
and  hypochlorite  of  potash,  Ihave  had  occasion  to  notice  the  diver- 
sity of  opinion  regarding  the  nature  of  the  bleaching  substancep 
formed  by  the  action  of  chlorine  on  the  alkalies  and  on  lime.  Or 
these  the  chloride  of  lime  is  by  far  the  most  important  in  the  arts 

It  is  prepared  by  generating  chlorine  in  a  large  still,  a,  b.  i.,f,  as  described  p.  301 
Ihe  maierials  being  kept  coostanily  mixed  by  means  of  an  agitator  moved  round  bi 
the  handle  d.  The  gas  is  conducted  by  tl  e  tube  e  e  o  he  pper  p  of  a  n  ood. 
In  the  figure    nade  very     ^  on      e  floor 


of  which  purehydrate  of  lime  is  esposed  lo  the  action  of  the  gas, 
introduced  by  the  door  k,  i,  and  rtie  surface  is  changed  occasionaliy  by  ati 
witli  rakes  by  means  of  the  apertures  1,1,1;  (be  absorption  should  t  jke  place  so 
lyas  not  toevolve  any  sensible  lieat.  In  this  way  100  parts  of  slacked  lime  cor 
generally  with  from  fifty  to  sixty  of  chlorine.  If  the  process  be  carried  on  toe 
idlj*.  aquantity  of  lime  is  decomposed,  chlorate  oDime  and  chloride  of  caleiu. 
ing  formed,  wbicli  may  be  recognised  by  the  product  getting  damp  wlien  cx] 
to  tlieair 
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The  test  bleaching  powder  thus  prepared  by  the  dry  way  does  nol  cuntain  more 
Ihaa  iuriy  per  cent  of  chlorine;  this  does  not  correspond  lo  any  exact  aiou^ic  eon- 
EtiCution;  but  it'  lime  be  difiUsed  throngk  water  so  as  to  tbim  a  thin  cream,  it  then 
absorbs  moit:  than  its  own.  weight  of  gas,  and  is  totally  dissolved.  It  is  probably 
the  jneohanieid  disadvantages  of  the  dry  way  whieh  prevents  the  absorption  of  the 
gasreachlitg  this  limit,  and  iJie  best  bleadiingpowderimiy  be -looked  itpon  ss  a.  mix- 
rare  of  true  chloride  of  lime,  with  about  eighteen  per  cent  of  hydrate  of  lime  in  ex- 
cess. Accordingly,  when  ordinary  bleaching  powder  is  treated  with  water,  the  true 
atomic  sompound  is  dissolved  out,  and  the  excess  of  lime  remains.  The  composi- 
tion of  the  toeoretical  and  best  practical  substances  m^y,  therefore,  be  ej[preb.°t;d  as 
follows ; 

I  atom  chlo?Ser35'47       49-63         r  Chlorine    ^'^'°''"';    .    .^.33 

1    "     litoe,        38'57       39'04  Lime 45-10 

1     "     water,        900        12-33  Waier 14-Sa 

Td-IM      lOOUO         I  1W)00 

But  the  generality  of  good  samples  in  commerce  will  be  foimd  not  lo  eiceed  thirty 
per  cent,  of  chlorine. 

The  solution  of  Shis  chloride  of  lime  has  a  marked  alkaline  reacdon;  it  is  without 
any  bleaching  power  except  an  acid  be  present,  which  liberates  chlorine,  and  enables 
it  to  destroy  the  colouring  matter.  It  is  thtis  that  the  colotir  can  be  removed  from 
certain  points  without  imuring  others,  which  is  of  very  great  importance  in  calico 
printing;  thus  a  pieceof  cloth  being  dyed  uniformly  with  madder  (as  Turkey  red), 
the  pattern  is  printed  on  with  tartaric  acid  thickened  with  gum,  and  the  whole  being 
immersed  in  a  bath  of  chloride  of  lime,  the  chlorine  is  Uberated  by  the  acid  at  every 
point  of  Uie  pattern,  and  the  cloth  is  there  bleached,  giving  a  white  ground,  on  which 
other  colours  may  be  applied,  while  the  general  surface  remains  deep.  red.  A  solu- 
tion of  bleaching  powder  in  water  exhales  a  sensible  odour  of  chlorine,  owing  to  the 
absorption  of  carbonic  acid  from  the  air,  and  obtains  thereby  weak  bleaching  prop- 
As  the  leehnica]  valueof  bleaching  powder  depends  on  the  total  quantity  of  chlo- 
rine which  it  contains,  this  may  he  detennined  without  reference  lo  its  theoretical 
constitution-  For  this  purpose  a  variety  of  methods  have  been  proposed,  and  the 
process  is  termed  Chkiromdry.  The  earliest  method  employed  consisted  in  prepa- 
ring a  standaM  solution  of  sulphate  of  indigo,  which,  being  of  a  deep  blue  colour,  was 
bleached  by  the  chlorine  expelled  bora,  the  lime  by  flie  snlphoiic  acid,  and  evidently, 
the  richer  the  bleaching  powder  was  in  chlorine,  the  more  solution  of  indigo  a  certain 
weight  of  it  could  bleach.  The  action  of  chlorine  on  indigo  is,  however,  so  com- 
plei,  that  this  rneihod  was  found  exposed  to  mimerous  fallacies,  and  may  be  con- 
sidered as  now  obsolete.  Latterly,  Gay  Lnssac  has  proposed  lo  substitute  for  this 
the  more  definite  action  of  chlorine  in  acidifying  arsenic.  He  prepares  a  solution 
of  arsenious  acid  in  muriatic  acid,  and  dilutes  this  with  water.  On  adding  thereto 
asolulion  of  chloride  of  lime,  the  muriatic  acid  takes  the  lime,  and  the  chlorine,' de- 
composing water,  converts  t}ie  arsenioas  acid  into  arsenic  acid,  and  itself  forms  hy- 
drochloric acid;  As.Oa  with  2CL  and  2H.0.  producing  As.Os  and  2H.CL  The 
proportions  which  I  employ  in  this  reaction  are  as  follows :  100  grains  of  arsenious 
acid  are  to  be  dissolved  in  2000  grains  ofstrong  spirits  ofsalt,  and  this  liquor  diluted 
with  distilled  water  till'it  decuples  the  volume  of  TOOOgraitis  of  water.  This  is  the 
standard  teat  liquor ;  to  employ  it,  100  grains  of  the  bleaching  powder  to  be  lested 
are  to  be  diffused  throi^h  IttW  graiis  of  water,  and  the  test  liquor  to  be  gently 
ponied  from  a  graduated  glass  on  it,  in  a  deep  jar,  continually  stirring  the  mixtiuv, 
A  drop  of  weak  solution  of  sulphate  of  indigo  is  tobeoecasionidly  applied,  by  meaiw 
of  a  glass  rod,  to  the  surface  ot  the  liquor ;  as  long  as  any  chlorine  remains  unalter- 
ed, the  blue  colour  of  the  drop  is  instantly  destroyed,  and  the  addition  of  the  arsenic 
liquor  is  to  be  continued  until  the  blue  drop  remains  unaltered.  Then  the  qnanlity 
of  chlorine  present  in  the  100  grains  of  bleaching  powder  is  represented  by  jj^th  of 
the  quantity  of  the  test  liquor  employed ;  thus,  if  there  were  ^65  grains  of  the  test 
liquor  necessary  to  destroy  the  bleaching  power  of  the  lOfl  erains  of  chloride  of  lime, 
the  quantity  of  chlorine  would  be  25*65.  This  is  not  absolutely  coiTect ;  for  in  theo- 
ry, the  true  quantity  of  chlorine  indicated  would  be  2609;  hut  as  a  few  drops  of  the 
solution  are  always  employed,  more  than  what  should  by  theory  be  necessary,  the 
practical  proportion  of -j^th  comes  very  close  to  the  truth.  Even  one  half  part  per 
cent.,  which  is  Uie  limit  of  error,  is  quite  unimportant  in  practice. 

Another  method,  which  is  simple  and  rapid  in  execution,  is.  nearly  the  same  as 
that  described  in  p.  355  for  determining  the  lechnical  value  of  black  oxide  of  man- 
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ganesa  bj^  means  of  copperas  (green  sulphate  of  iran).  The  proportion  and  raeth- 
od  of  testing  which  I  employ  are  as  follows:  390  grains  of  clean  and  dry  eiyslalsof 
green  snlphaie  of  iron  are  lo  be  dissolved  in  as  much  water  as  will  bring  the  solu- 
tion In  the  volume  of  5000  grains  of  water.  On  ihe  other  hand,  100  grains  of  the 
chloride  of  lime  are  to  be  diffused  thronghlOCO  grains  of  water,  and  the  soiulion  of 
copperas  is  to  L<:  added  thereto,  until  the  presence  of  a  trace  of  the  prolosulphEteof 
iron  in  eicess  is  indicaledj  by  the  miied  liquor  striking  a  lull  blue  colour  when  n 
drop  of  it  is  placed  on  a  sbp  of  paper,  im.bibed  iviih  red  -prussiate  of  potash.  I'he 
qnantily  of  chlorine  present  in  the  100  grains  of  the  bleacWngpowder  is-pj-„ih  of  Iho 

Suantity  of  the  standaid  copperas  liquor  employed;  thus,  if  2Tb3  grains  measure  of 
le  volaine  of  the  solution  be  found  necessary,  the  sample  contains  2783  of  chlorine 
per  cent.  For  tlie  S7'83  of  liquor  contaius  317  grains  of  sulphate  of  iron,  whicii  is 
peroiiclized  by  the  action  of  2f  6  grains  of  chlorine ;  here,  also,  the  limit  of  error  need 
not  exceed  one  half  per  cent.  Olher  processes  have  been  proposed,  founded,  some 
on  the  change  of  yellow  prussiate  into  red  prussiate  of  potash,  by  means  of  the  chlo- 
rine of  the  bleaching  powder;  and  others,  by  decomposing  the  bleaching  powder  by 
means  of  an  ejccess  of  water  of  ammonia,  and  measuiing  the  nitrogen  gas  evolvea; 
but  these  are  more  troublesome  and  less  exact  than  the  processes  alroiidy  detailed, 
which  are  those  most  worthy  of  confidence  from  thejuanufacturer. 

As  to  the  theoretics!  nature  of  bleaching  powder,  chemists  are 
not  as  yet  ahle  to  decide  positively.  The  original  ond  simple  idea 
of  a  direct  combination  between  the  chlorine  and  the  lime  has  been 
revived  by  Milion,  who  advanced  that,  by  decomposing  the  salts  of 
lead,  iron,  and  copper  by  solution  of  chloride  of  lime,  precipitates 
were  obtained,  whicli  were  compounds  of  the  protoxide  of  the  metal 
united  with  as  much  chlorine  as  was  equivalent  to  the  oxygen  ne- 
cessary to  form  peroxide.  Thus,  that  with  lead,  a  chloroside  Pb.O. 
Cl-i  that  with  iron,  a  chloroxide  Fe,0,C!.  The  chloride  of  lime, 
Ca.O.Cl.,  would  thus  be  equivalent  to  deutoxide  of  calcium,  Ca.0.0. 
It  has  been  found,  however,  that  the  evidence  is  not  yet  satisfac- 
tory. The  peroxide  of  potassium  is  K  Og,  while  chloride  of  polash 
is  not  K.O.CI^,  but  K.O.Cl.  The  composition  of  all  these  bleaching 
compounds  appears  to  be  an  atom  of  chlorine  united  to  an  atom  of 
a  protoxide,  and  this  may  be  explained  by  supposing  a  hypochlorite 
and  a  metallic  chloride  to  be  formed  ;  thus  2Ca.O.  and  201,  may 
give  Ca.O.-fCl.O.  and  Ca.Cl.  But,  if  this  happens,  the  chloride  of 
calcium  certainly  remains  combined,  forming  a  double  salt ;  lor  the 
bleaching  powder,  if  properly  prepared,  has  no  tendency  to  deli- 
quesce, and  only  becomes  darapwyten  long  kept;  and  then  chlorate 
of  lime  and  free  chloride  of  calcium  are  formed,  and  all  its  bleach- 
ing qualities  are  lost.  There  are  thus  two  views  equally  tenable  : 
first,  that  the  bleaching  compounds  are  chlorides  of  oxtdes,  corre- 
sponding to  peroxides;  and,  second,  that  they  are  double  salts  of  a 
hypochlorite  with  a  chloride;  but  there  is  no  reason  to  consider 
that  the  chlorous  acid,  CI.Oj,  comes  into  play  in  their  manufacture, 
although  the  salts  of  that  acid,  \vhen  otherwise  prepared,  do  possess 
bleaching  properties. 

Sales  of  Magnesium. 
Chloride  of  Mognesium—Mg.C\. ;  Eq.  6009  or  4S.16-moy  be  ob- 
tained ill  solution  by  acting  on  the  carbonate  of  magnesia  with  mu- 
riatic acid  ;  by  evaporation,  it  may  be  obtained  in  prisms  with  6 
Aq.,  which  are  very  deliquescent.  These  crystals  cannot  be  de- 
prived of  water  without  total  decomposition,  the  chlorine  passing 
off  as  muriatic  acid,  and  magnesia  remaining  behind.  The  cliloride 
may,  however,  be  obtained  anhydrous,  by  previously  mixing  ita  so- 


by  Google 


SALTS    OF     MAGNESIUM    AND    ALUMINUM,         435 

lution  with  sal  ammoniac,  willi  which  it  forms  an  anhydrous  double 
salt,  which,  when  heated  to  redness,  gives  off  sal  ammoniac,  and 
the  pure  chloride  of  magnesiura  remains  melted,  and  forms  a  clear 
crystalline  mass  when  cold.  The  chloride  of  magnesium  exists  in 
Be  a- water. 

Sulphate  of  Magnesia.—Mg  0. .  S.O,.  Eq.  759-4  or  60'8.  This  salt 
exists  abimaantly  in  saline  mineral  springs,  as  those  of  Seidlitz,  Sel- 
lers, and  Epsom,  from  whence  it  derives  its  common  name  of  Epsom 
salt.  A  is  extracted  principaliy  from  the  raagnesian  limestone, 
which  (S  calcined,  and  the  mixed  lime  and  magnesia  treated  witK 
dilute  sulphuric  acid  ;  the  sulphate  of  lime,  being  very  sparingly  sol- 
uble, is  easily  separated  from  the  sulphate  of  magnesia  by  washing 
with  water;  the  latter  is  dissolved  out,  and  the  liquor  evaporated 
and  crystallized.  A.  great  deal  is  also  made  from  the  mother  liquor 
of  sea-water,  or  bittei-n  (p.  i-9.6).  This  is  decomposed  by  sulphuric 
acid,  and  the  salt  fotmed  separated  by  crystallization. 

The  sulphate  of  magnesia  crystallizes  in    eight  rhombic  prisms, 
as  in  the  figure,  containing  seven  atoms  of  water. 
of  which  one  is  constitutional,  and  the  other  sij 
crystalline  ;  its  formula  is  therefore  Mg.O. .  S.O3 . 
H.O. +  6  Aq. ;  when  heated  to  212'  it  easily  aban^ 
dons  the  6  Aq.,  but  retains  the  seventh  atom  of  wa- 
ter even  at  400'.     It  combines  with  the  sulphat* 
of  potash  to  form  a  double  salt,  {Mg,0..S.03+K,    . 
0. .  S.Oa)  i-  6  Aq.,  the  atom  of  constitutional  water  \    LA     \       '""  \ 
being  replaced  by  the  alkaline  sulphate.    The  sul-    'CA'-Av^!?' 
phatesof  soda  and  of  ammonia  act  in  the  same  way.       ^^ZlA^^-^''^ 

Niirate  of  Magneiia.  Mg.O. .  N.Os,  is  very  soluble  and  deliquescent.  It  cannot  ba 
obtained  diy,  as  it  crysiallizes  with  six  equivalenls  of  water,  of  which  five  are  ei- 
pelled  by  a  moderate  heat,  and  by  a  higher  temperature  the  nitric  acid  itself  nasses 
off,  and  magnesia  remains  behind;  Mg,0,  .N.Os.  H.O.  producing  Mg.O.  and  H,0.. 
N.Os. 

The  BoTott  of  Magnesia  constitutes  lie  mineral  boracite,  whose  electiicai  and 
crysialline  properties  liave  been  already  noticed. 

There  exists  a  great  number  of  comliinations  of  silicic  add  with  magnesia,  con- 
stituting the  steaiife,  or  soapstoue ;  the  JiwerscSiiMm,  of  which  pipc-bowis  are  cut;  oli- 
uiiie  and  scfpTalhv:,  which  exist  abundnnllj  in  the  green  marble  of  Galway:  these 
are  simple  silicates  of  magnesia;  others,  as  ampMbke  snApyroxeii^,  are  double  sili- 
cates ofmaguMia  and  lime,  more  or  less  replaced  by  protoxide  of  iron. 

Salts  of  Aluminum. 

ddoride  of  Aha!iimiiiir..—AWls-  Eq.  ISTOS  or  11 
salt  may  be  prepared  by  dissolving  alumina  in  ma 
tained,  which,  when  evaporated,  yields  very  deliqae 
atoms  of  water.  On  appljing  heat  to  this,  the  salt  itself  ls 
acid  is  given  off,  and  pure  aJumioa  remains.  The  dry  chloride  of  alnminum  i! 
formed  only  by  a  process  analogous  to  that  described  tbr  chloride  of  silicon,  p.  333. 
Pure  alutn'ina  is  mixed  with  lampblack  and  ignited  in  a  porcelain  tube,  while  a 
stream  of  dry  ehloi'ine  is  passed  over  it;  the  oxygen  of  the  alumina  combines  witi 
the  carbon,  and  forms  carbonic  oxide,  and  the  chloiine  combines  with  the  aluminmn. 
The  resulting  chloride,  being  volatile,  sublimes,  and  is  condensed  in  the  cool  portion 
of  the  tube,  wfiich  is  allowed  to  project  some  distance  beyond  the  furnace  for  that 
purpose,  or  a  wide  glass  lube  is  adapted  to  receive  the  sail. 

The  chloride  of  aluminum  ihus  formed  is  a  pale-green  crj-stalline  mass.  Exposed 
to  the  air,  it  fumes  and  deliquesces.  Once  combined  with  water,  it  cannot  be  freed 
from  it.    Il  is  used  to  obtain  metallic  aluminnni,  as  described  p.  'Si9, 

The  Fluoride  of  Aluiaiiaim  is  found  in  the  mineral  kingdom.  Tlic  beauliful  gem, 
Ihc  topaz,  is  a  double  fluoride  and  silicate  of  alumina. 


t.  In  a  hydrated  form  thi> 
c  acid,  a  solution  being  ob- 
1  crvstals,  containing  twelve 


b,  Google 


Sulphate  of  Mumina  (AI.O^  f  SS.OJ-f.  18  Aq.— This  salt  is  obtain- 
ed by  dissolving  alumina  in  dilute  sulphuric  acid  ;  it  has  a  sweetish 
styptic  taste,  is  very  soluble  in  water,  and  crystallizes  in.  thin  flexi- 
ble plates;  when  heated,  it  abandons  its  watcj-,  and  ot  a  red  heat 
its  sulphuric  acid,  alumina  remaining  pure.  The  sulphuric  acid 
unites  (vith  alumina  in  many  other  proportions,  of  which  that  con- 
stituting the  miaeral  atuminite  is  the  most  important ;  its  formula  is 
Al^Oj  +  S.Os  +  S  Aq:,  the  base,  acid,  and  water  each  conlnining  the 
same  quantity  of  oxygen.  This  salt  is  produced,  also,  by  adding 
an  excess  of  caustic  ammonia  to  a  solution  of  alum  ;  hence  caustic 
ammonia  cannot  be  used  to  prepare  pure  alumina  (p.  351). 

The  sulphate  of  alumina  combines  with  the  alkaline  sulphates  to 
form  the  remarkable  double  salts,  tke  connmon  alttms.  The  most 
ordinary  kind  is  the  double  sulphate  of  alumina  and  potash,  the  for- 
mula of  which  is  (E.O. .  S.03+A]j03-l-3S.03)  +  24,  Aq. 

From  ihe  iai^e  qnauiicies  of  this  salt  employed  in  the  processes  of  dyeing,  its  man- 
ufacture is  condncted  upon  the  great  scale.  In  Ihe  eoai  districts,  and  underlying 
the  beds  of  good  coal,  strata  of  clay-slate  are  generally  folind,  containiEg  a  cerlain 
quantity  of  coally  material,  and  through  which  abimdance  of  bisulphuret  of  iron  is 
tUsseminated  in  the  instable  rhombic  form  (see  p.  SS2  and  358).  When  this  alwa 
Aate  is  exposed  to  the  air,  the  sulphuret  of  iron  rapidly  absorbs  oxygen  and  forms 
copperas,  with  an  escess  of  su]pnurie  acid,  which,  reacts  on  the  clays,  with  the 
alumina  of  which  it  comMnes.  This  eSect  is  accelerated  by  the  application  of  heat, 
which  is  applied  by  building  up  the  mineral  into  pyramidal  heaps,  with  some  fuel 
utuiemeB  th,  and  channels  thioi^h  the  interior,  by  which  a  draught  may  be  establish- 
ed; the  fuel  below  being  set  on  fire,  the  slate  contains  coal  eiiot^h  to  maintain  its 
own  combustion,  and  Che  mass  changes  in  colour  as  it  bums,  becoming  bileli:  reil ; 
according  as  the  process  is  carried  throi^h,  suecessiTc  quajitities  of  mineral  are  ad- 
ded to  the  burning  heap,  until  it  often  acquires  a  height  of  aiity  or  eighty  feet,  "When 
the  mass  thus  calcined  has  become  quite  cold,  it  is  powdered  and  lixiviated  with 
water;  a  laigie  quantity  of  sulphate  of  alumina  and  sulphate  of  iron  dissolve  out, 
and  the  liquor  is  Dtotiglit  by  eraporation  to  a  certain  degree  of  strength.  A  solution 
of  some  salt  of  potash  is  then  added,  generally  the  waste  chloride  of  potassiimi  from 
soap-boilers,  and  the  sulphate  of  iron  being  decomposed,  forms  sulphale  of  potash, 
which  tmites  with  the  sulphale  of  alumina,  and  crystaBizes  oat  as  alum,  while  the 
iron  remains  as  chloiida  m  the  liquor. 

In  some  volcanic  countries,  as  Italy,  a  mineral  is  foncd  already  containing  potash 
and  stdphnric  acid  united  to  alumina,  irom  which  is  obtained  a  veiy  pare  alum, 
foei^jAwn,  which  is  valaed  very  mnch  by  dyers,  on  account  of  its  total  freedom  from 
sulphate  of  iron,  of  which  English  alum  generally  contains  a  small  trace,  which  in- 
jures the  colours  of  the  dy^es. 

Alum  crystallizes  in  regular  octohedrons,  the  solid  angles  being 
often  replaced  by  the  surfaces  of  a  cube.  When  heated,  the  water 
is  first  expelled,  and  at  a  red  heat  it  parts  with  most  of  its  sulphuric 
acid,  sulphate  of  potash  and  pure  alumina  remaining.  The  taste  of 
alum  is  sweet  and  astri»geiit;  it  reacts  acid,  and  is  soluble  in  18'4! 
parts  of  cold,  and  in  0'75  parts  of  boiling  water.  A  remarkable  py- 
rophorus,  that  of  Romberg,  is  prepared  from  alum  ;  three  parts  of 
dried  alum  and  one  of  lampblack  well  mixed  are  to  be  placed  in  a 
stout  glass  bottle,  and,  being  bedded  with  sand  in  a  crucible,  are  to 
be  carefully  heated  to  redness,  nntil  a  blue  flame  appears  at  the 
mouth  of  the  bottle ;  when  this  has  lasted  a  few  minutes,  the  bottle 
is  to  be  stoppered  with  a  bit  of  chalk,  and  the  whole  cautiously 
cooled.  The  bottle  contains  a  black  powder,  a  mixture  of  lamp- 
black, alumina.;  and  sulphuret  of  potassium,  which  last,  being  in  a 
state  of  exceedingly  minute  division,  takes  fire  when  a  little  of  the 
product  is  shaken  out  of  the  bottle,  and  emits  considerable  light. 

Bask  Alum.     Cubical  Mum.—Aij:}^  .  SS.Oa-fK.O.  .  S.Oa-     Tliis 
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Euljstaticej  wliich.  is  preferred  as  a  mordant  to  ordinary  alum,  is  pre- 
pared by  adding  carbonate  of  potash  to  a  solution  of  alum,  as  long 
as  tlie  precipitate  whicii  first  forms  is  redisaolved  by  agitation.  It 
crystallizes  in  cubes  which,  have  no  acid  reaction. 

The  sulphate  of  soda  combining  with  sulphate  of  alumina,  forms 
the  soda  alum,  which  is  not  much  used.  The  ammonia  alum  will  be 
hereafter  noticed. 

Thfi  Phmpliale  of  Alniidiia  eousiitutes  a  remarkable  mineral  found  in  Cork  and 
Tipperary,  the  inaeeliile, 

Tti6  simple  and  double  silicates  of  almniaaooosLimie  probably  the  majority  of  all 
known  mineiSitsj  such  of  them  as  possess  technical  or  pharmaceutic  value  are 
noticed  under  the  heads  of  the  uses  to  which  they  are  applied.  For  a,  description  of 
the  others,  I  reffer  to  the  ordinary  works  on  mioeialogy. 

One  sabstaaee,  however,  of  which  the  eonsHlution  is  very  carious,  may,  from  its 
technical  importance,  here  be  noticed,  the  iapis-lazvli,  lUiramarii^e.  Il  is  found  in 
veins  in  igneous  rocks  in  Sibeiia,  hiu  particularly  in  China.  It  is  of  a  rich  blue 
colour,  not  crystalline,  and  being  powdered,  serves  in  parting  as  the  richest  and 
most  permanent  blue  i  iis  composiUon  has  been  Ibund  to  be,  m  100  parts,  silica,  358; 
alumma,34'8;  soda,  23  3)  EUlphur,  31-,  carbonate  of  lime,  3'1 ;  it  is  dilKcuLl  to  de- 
duce a  formula,  from  these  numbers,  and  the  state  of  combination  of  the  si  '  ' 


n  well  understood.  Attempts  at  imitating  the  composition  of  this  body  have  been 
partially  successfbl,  and  a  large  qiiantity  of  ariifidal  uUramanne  is  now  made  for 
pamters'  use  by  the  following  process ;  freshly  precipitated  siKeic  acid  and  alumina 
are  mixed  with  sulphar  in  a  solution  of  caustic  soda,  all  in  the  proportions  above 
given,  and  the  mixture  dried  down ;  the  resulting  mass  is  placed  in  a  covered  cruci- 
ble and  exposed  to  a  white  heat;  it  glveS  a  dark  and  pure  blite  mass,  to  which,  for 
the  perfeel  bringing  out  of  the  colour,  the  air  must  have  bad  parlial  access  daring 
its  Ignition.  The  product  is  reduced  to  impalpable  powder  by  the  same  process 
adopted  for  the  native  substance. 

Constilution  of  Glass  and  Porcelain. 

I  deferred  the  description  of  the  silicates  of  potash,  soda,  and 
lime,  because  they  stand  so  closely  allied  with  the  silicate  of  alumi- 
na, in  relation  to  the  important  manufactures  of  glass  and  earthen- 
ware, that  their  properties  could  only  be  well  understood  when 
studied  in  contiexion  with  it. 

Silicic  acid  combines  with  the  alkalies  in  many  proportions,  of 
which  those  that  contain  a  considerable  excess  of  bnse  are  soluble 
in  water.  Thus  is  prepared  the  liquor  ofjlints,  by  melting  together 
one  part  of  powdered  quartz  and  two  of  carbonate  of  potash  ;  the 
carbonic  acid  is  expelled,  and  a  glassy  mass  is  obtained,  which  de- 
liquesces in  the  air,  and  is  very  soluble  in  water.  It  reacts  strongly 
alkaline,  and  gives,  with  acids,  a  precipitate  of  silica  in  its  soluble 
form,  as  described  p.  321,  In  this  preparation,  soda  may  be  substi- 
tuted for  potash  in  a  proportion  one  third  less,  and  a  mixture  of 
seventy  parts  of  carbonate  of  potash,  fifty-four  of  dry  carbonate  of 
soda,  and  152  of  line  quartz  sand,  gives  a  still  more  fusible  and  sol- 
uble product.  This  substance,  under  the  name  of  soluble  glass, 
has  been  employed  to  render  wood  incombustible,  several  coats  of 
a  strong  solution  of  it  being  applied  under  the  paint. 

When  the  quantity  of  silicic  acid  is  greater,  the  resulting  alkaline 
silicate  is  insoluble  in  water,  and  possesses  the  qualities  which  give 
to  glass  its  peculiar  value.  These  are,  first,  to  solidify,  after  bein» 
melted,  very  gradually,  and  to  pass  through  a  condition  of  pasti- 
ness, which  admits  of  its  being  blown  out,  cut,  and  fashioned  in  ev- 
ery way  ;  and,  second,  to  remain,  when,  solid,  quite  transparent,  and 
destitute  of  any  tendency  to  crystalline  structure.     Its  composition 
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should  also  be  sucli  as  to  resist  completely  the  action  of  air  anil 
water. 

The  materials  used  \a  the  manufacture  of  glass  arc,  \st,  ([motVi 
Band,  as  free  as  possible  from  iron  ;  2d,  lime,  used  sometimes  pure, 
sometimes  slaclced;  occasionally  chalk  is  employed  in  place  of  limo  ( 
3d,  carbonate  of  potash  (pearl  ashes  of  commerce)  ;  4th,  carbonate 
of  soda,  or  a  salt  of  soda,  as  Glauber's  salt  or  common  salt ;  5lh, 
old  broken  glass,  technically  termed  cvlht ;  6tl),  red  lead,  which 
must  be  extremely  pure  ;  and  for  corrective  purposes,  arsonious  acid 
EOtnetimes,  but  more  frequently  black  oxide  of  manganese. 

These  materials  are  by  no  means  aU  employed  loseiher ;  the  composition  of  va- 
lioas  Itinds  of  glass  diflering'  very  much,  as  is  sliottn  in  lae  following  table  of  tin 
b££t  analyses  of  glass. 
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Although  in  some  of  these  analyses  a  slight  loss  ocearred,  yet  they  are  safficiently 
accurate  iiir  all  purposes.  No.  1  is  the  hard  Bohemian  glass,  so  valuable  to  liie 
ehemistj  from  the  high  temperature  it  bears  without  softening.  Ho.  3,  also  a  Bohe- 
mian glass,  is  mnch  more  fusible,  and  is  that  in  ordinary  use.  No.  3  is  English 
plaie,  and  No.  4  German  plate  glass.  Nos.  5  and  B  are  both  French.  Nos.  Tand 
8  are  English  glass  for  table  use  and  chemical  apparatus ;  and  No.  9  is  the  glass  «i 
eelebraied  for  optical  purposes,  made  by  Guinaud. 

It  is  difficult  to  trace  any  definite  wlatlon  between  the  acid  and  bases  in  these 
^sses;  indeed,  we  cannot  look  upon  the  different  silicates  as  being  really  combined 
with  each  other;  they  are  rather  m  a  stale  of  intimate  meclianieal  miilure ;  hence, 
if  the  glass  be  kept  sott,  but  not  liquid,  for  a  considerable  time,  the  silicates  gradn- 
ally  separate ;  the  less  fusible  cmtaltizing,  and  rendering  the  glass  opaque  white. 
This  liSces,  place  most  easily  witli  such  glass  as  contains  much  silicate  of  lirne  oi 
alnraina.  In  this  form,  the  mass  is  so  hard  as  to  strike  fire  with  steel,  and  becomes 
almost  infusible.    Ftora  the  name  of  its  discoverer,  it  is  termed  Retm,'mii,r's  Porixiam. 

The  arrangement  of  Iheilimaces  for  the  manufacture  of  glass  vaiies  according  to 
the  materials  and  the  kind  of  product.  The  materials,  reduced  to  the  state  of  very 
fine  powder,  are  intimately  mixed,  and  fused  in  erudbles  of  very  refractory  clay. 
The  silica  decomposes  the  carbonatesof  lime  and.  potash  or  soda,  and,  expellmgthe 
carbonic  acid,  combines  with  the  alkali  and  earth.  If  sulphate  of  soda  had  been 
used,  a  certain  quantity  of  carbon  is  added,  by  which  the  sulpharic  add  is  decom- 
posed, sulphurous  mia  carbonic  adds  being  evolved  (p.  293),  otherwise  the  silica 
could  not  completely  expel  the  sulphuric  acid.  From  the  presence  of  minute  quan- 
tities of  protoirfde  of  iron  in  the  niaterials,  the  glass  haS;  at  first,  a  pale-greenish  tint, 
which  is  cotmteraeted  by  the  addition  of  a  little  nitre  or  arsenions  acid,  these  agents 
giving  oxygen  to  the  iron,  which  does  not  colour  when  peroiidized;  with  the  latter 
body  the  metallic  arsenic  is  evolved  in  vapour,  the  had  effects  of  which  should  pre- 
vent its  employment.  More  generally  peroxide  of  manganese  is  used,  which,  acting 
on  protoxide  of  iron,  produces  peroxide  of  iron  and  protoxide  of  manganese,  neither 
fk  which  bodies  gives  any  sensible  tint  to  glass.  li:  there  be  too  much  manganese 
employed,  the  glass  acquires  a  violet  tint.  There  is  reason  to  suspect  that  soda 
glass  is  greenish  even  ivhen  absolutely  free  from  iron. 

■  The  general  arrangement  of  a  glass  ftimace  may  be  illustrated  by  reference  to  th( 
figures,  which  represent  the  essential  parts  of  one  of  the  most  perfect  forms  employ, 
ed  in  the  manufacture  of  the  fine  crown  glass  of  Germany.  In  the  oval  ftimact 
A,  which,  is  covered  by  a  dome,  the  crucibles  are  arranged  m  two  rows,  on  banks^ 
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of^hichone  is  represeDted 

bui  if  employed  for  a  gla 

cuti^ining'  lead,  they  &I101 

be  cotired  by  a  hood,  p  e 

sentlog  only  an  aperture  ex 

tcrual   to   the    l^lmace   fo 

the  workman,  as  (he  gla~ 

would  reqaire  to  be  thus  p 

tected  from  the  smotce  s 

cojnbustible  gases  of  the  1 

naiie,  which  woiild  redi 

the  lead  to  the  metallic  sta  e 

Between  the  banfes  is  a  rec 

langolar  space  for  the  fi  e 

resting  on  the  gratings  b  b 

which  are  separated  by  the 

partition  wall  P,  and  have 

apertures  at  the  aides  for  h 

iniroductioti  of  the  i'ael.    By 

means  of  the  passage  D,  there 

it,  and  the  draught  is  reg  ilated  by  be  opei 

flaroe  of  the  fuel   which  should  be  either  woo3  or  a  veiy'bituniiLous  coal,  i 

partly  t'hto  gh  the  apertures  in  Iront  of  the  crucibles  0  0,  and  partly  passes  by^int* 

the  w  ngs  and  ch  mne}     by  means  of  the  wiiM:s,  a  great  quantity  of  the  heat  ig 

economized  for  preparatory  ope  ■ations.    Next  the  furnace  are  placed  the  fi'esh  cro- 
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the  low  paruiioii,  we  flame  and  hot  air  acts  on  the  space  k,  on  the  floor  of  which  are 
spread  the  materials  for  the  next  chai^  of  glass,  well  mixed,  and  introduced  by  the 
npertures  i  I;  these  being  broi^ht  to  a  dull  red  heat,  undeigo  a'  commencement  ot 
vltrefaction,  and  are  Xhwa  frilted,  or  prepared  for  the  perfect  combination  by  fiision 
in  the  crucibles.  This  operation  01  fnHiag  was  formerly  pei&rmed  in  a  sepatate 
lEverberatory  furnace.  The  draught  escapes  partly  from  the  small  chimney  x;  bol 
a  portion  of  the  hot  air,  having  passed  over  the, partition  ot,  is  conducted  into  the 
chamber  w,  whicli  is  filled  with  wood  supported  on  the  grating;  the  hot  air,  in  pass- 
ing off,  caiTles  away  the  moisture  of  the  wood,  which  is  thus  Wught  to  a  state  of 
perfect  desiccation,  so  as  to  give  the  greatest  possible  effect  in  the  furnace. 

For  the  perfect  combination  of  the  materials,  and  obtaiiiiug  a  mass  firee  from 
streaks  and  air-bubbies,  it  is  essential  thai  the  glass  should  be  brought  into  a  slate 
of  perlfect  liquidity,  so  as  to  allow  the  gases  to  pass  off  freely,  and  then  be  suffered 
to  cool  until  it  acquires  the  pasty  consistence  which  fits  it  for  being  worked  into  the 
necessary  forms.  In  thus  cooling  down,  however,  those  glasses  which  contain 
oxide  of  lead  frequently  separate  into  two  or  more  layers  of  ^lass  of  different  den- 
sities, which,  when  stirred  up  by  the  tools  of  the  workman,  give  ty  their  imperfect 
mixture  a  clouded  and  streaked  appearance  to  the  articles  made  from  such  glass. 
This  impefection  is  peculiarly  fktal  to  glass  for  optical  purposes,  as  each  layer  may 
have  a  different  refractive  power,  and  thus  give  distorted  images. 

The  great  use  of  ghiss  in  the  arts  and  in  ordinary  life  depends  upon  its  plasticity 
at  a  red  heat,  which  rendeis  it  capable  of  being  moulded  into  every  form ;  its  insol- 
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ubility  ia  water;  its  resisting  the  action  of  acids  and  the  generality  of  chemical  re- 
agents under  all  ordinary  circumstances:  ils  transparency  and  lusire,  and  lire  tela- 
lions  10  beau  to  light,  axui  to  electricity,  which  have  been  already  folly  noticed.  Proia 
the  low  conducting  power  of  glass  lor  heat,  thick  portions  of  it  are  liable  to  break 
when  suddenly  wormed,  the  purl  lo  which  the  heat  is  directly  applied  expanding,  and 
thereby  separating  from  that  which  remains  cold.  When  a  lamp  of  glass  is  sudden- 
ly cooled,  as  by  being  laid,  whUe  soft,  on  a  plate  of  cold  iron,  or  being  diopped  into 
water,  the  internal  pardons  being  prevented  Irom  i^untracting,  remain  in  a  slate  of  in- 
stable arrangement,  on  which  depends  ils  double  refracting  and  polarizing  properties 
fp.  230).  "When  the  molecules  of  such  apiece  of  chilled  glass  are  made  to  vibrate,  by 
being  scratched,  or  a  little  fragment  being  broken  oif,  Ihey  change  totally  their  dis- 
position, and,  flying  asunder,  .the  mass  crumbles  into  puwder  with  an  eaplosion. 
Pi-iiiseJE^pert'jiaf-ojjs,  with  which  this  property  of  glass  may  be  exemplified,  are  pre- 
pared hy  taking  up  on  an  iron.  Kid  a  little  melted  gisss,  and  allowing  (he  drops  of  it 
10  fell  into  a  vessel  of  cold  water;  when  one  is  held  in  the  hand,  and  the  long  pro- 
jecting tail  broken  off,  a  smart  blow  is  felt  with  a  dull  noise,  and  the  drop  is  loimd 
to  be  I'edueed  to  fine  powder.  As  this  excessive  frangibility  would  render  glass  un- 
fit for  most  hoaseholdTaud  chemical  purposes,  it  is  necessary  to  lessen  it  as  much  as 
possible,  which  is  done  by  allowing  it  to  cool  very  slowly.  For  this  purpose,  the 
vessels,  when  foimed,  are  placed  in  tiieiwwieHfisw^Wiace,  or  feiy,  which  is  a  long  gal 
lery  containing  a  number  of  iron  Irays  moveable  along  it  by  means  of  an  endless 
chain  ]  the  hot  glass  articles  are  placed  in  the  trays  at  one  end,  Where  a  strong  iire 
is  made,  the  flame  of  which  sweeps  to  a  certain  distance  into  the  gallery.  Accord- 
ing as  new  trays  come  upj  those  already  full  are  drawn  down  into  the  cooler  pari 
of  the  gallery  by  the  chain,  and  finaily  issue  at  the  other  end  quite  cold.  The  pas- 
sage down  occupybg  from  twenty-four  to  forty-eight  hours,  the  particles  of  the  glass, 
in  cooling,  have  time  to  assume  their  most  stable  arrangement,  and  may  then  be  ex- 
posed, if  not  very  thick,  to  changes  of  temperature,  provided  they  be  not  very 
sudden. 

The  specific  gravity  of  glass  varies  with  its  composition  from  2'4 
to  3-6,  the  latter  being  that  of  flint  glass,  containing  40  per  cent,  of 
oxide  of  lead.  The  lighter  glasses  are  generally  those  which  nre 
hardest,  and  resist  the  action  of  water  and  of  reagents  best.  The 
oxide  of  lead  in  flint  glass  is  acted  on  by  a  variety  of  chemical  sub- 
stances, which  unfits  it  for  many  laboratory  uses.  Where  alkali 
predominates,  the  glass  is  rapidly  acted  on  by  the  air,  attracting 
moisture,  and  thns  frequently  embarrassing  electrical  experiments. 
Bottle  glass  which  contains  much  alumina  is  so  rapidJy  corroded 
by  the  cream  of  tartar  in  wine,  as  sometimes  to  become  opaque, 
and  spoil  the  wine  in  the  course  of  o  few:  days. 

I  have  had  frequent  occasion  to  notice  the  various  coloured  glasses  produced  by 
the  addition  of  metallic  oxides  (seep.  37);  on  this  principle  is  fotmded  the  art  of 
painting  on,  or  staining  glass,  and  also  the  manufecture  of  artificial  gems.  These 
arts  I  shall  have  to  notice  farther  on,  and  any  detail  of  their  methods  would  be  foreign 
to  a  work  like  the  present. 

The  manufacture  of  porcelain  and  earthenware  depends  on  two 
principles,  first,  that  of  the  plasticity  and  fusibility  of  clay,  and,  sec- 
ondly, the  fusibility  of  a  glass  by  which  the  substance  of  the  porous 
clay  may  be  imbibed,  and  thus  rendered  water-tight.  Clay,  when 
perfectly  pure,  is  a  neutral  silicate  of  alumina,  AliOj+SSi.Oa ;  but 
as  the  great  deposites  of  clay  used  for  the  purposes  of  the  arts  are 
produced  by  the  weathering  (decomposition)  of  a  variety  of  rocks, 
a  number  of  foreign  ingredients  are  intermixed  in  small  quantity, 
and  prodtice  varieties  which  influence  very  much  the  proportions 
used  in  the  manufacture.  The  purest  porcelain  clay  is  formed  by 
the  decomposition  of  the  feldspar  contained  in  granitic  and  syenitio 
rocks.  The  feldspar  has  the  formula  li.O,.  Si.0,,+(AlA+3Si,0g) 
by  the  action  of  water,  the  silicate  of  potash  is  dissolved  out  as  sol- 
uble glass  (p.  437),  and  the  silicate  of  alumina  remains  as  a  fins 
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powder,  perfectly  white,  impalpable,  forming  with  \viiter  a  paste 
capable  of  beiag  moulded  into  any  form,  and,  when  heated,  abandon- 
ing the  water  and  contracting'  in  volume,  but  retaining  the  form 
which  had  been  given  to  it.  The  pure  porcelain  clay  is  seldom 
found,  and  hence  is  used  only  for  the  finest  objects ;  other  clays  of 
greater  or  less  purity  are  therefore  used,  either  alone,  or  mixed  with 
porcelain  clay,  for  such  objects  as  stone-china  and  delft ;  and  clays 
in  which  a  quantity  of  alumina  is  replaced  by  iron,  and  which,  con- 
sequently, when  burned,  assume  a  red  or  yellow  colour,  are  em- 
Filoyed  for  common  earthenware.  In  the  clays  which  contain  very 
ittle  iron,  and  hence  hum  white,  there  are  present,  almost  univer- 
sally, certain  quantities  of  alkali,  remaining  from  the  decomposed 
feldspar  j  this  is  generally  potasli,  but  may  be  soda  when  the  clay 
is  formed  from  albite  (Na.O. .  Si.O  +3AlA+3:Si.Oj)  ;  and  when  the 
source  of  the  clay  is  not  a  pure  granitic  rock,  the  associated  miner- 
als generally  yield  a  certain  quantity  of  lime  which  mixes  with  it. 
Hence  the  composition  of  the  following  clays,  from  various  coun- 
tries, used  in  the  manufacture  of  porcelain,  can  easily  be  account- 
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used  in  the  fabrication  of  earthenware,  al- 
I  its  plasticity,  it  would  assume  perfectly  the  required 
m,  yet,  from  its^nfusibility,  it  ivould,  when  baked,  have  so  little 
coherence,  and,  from  its  great  contraction,  be  so  liable  to  crack, 
that  in  practice  it  could  not  be  beneficially  employed.  The  paste 
of  which,  the  china  and  delft  articles  are  made,  consists,  therefore, 
of  clay,  to  which  is  added  silica,  lime,  and  potash— in  other  words, 
the  constituents  of  crown  glass — which,  beingfusihle  at  a  high  tem- 
perature, cement  together  the  particles  of  clay,  and  enable  the  dif- 
ferent portions  of  the. vessel  to  hold  together  during  the  bakings. 
Thus,  to  form  the  body  of  ironstone  cliinaware,  forty  parts  of  Dev- 
onshire clay  are  mixed,  with  from  forty  to  sixty  of  feldspar,  and 
generally  about  five  parts  of  flint  glass  and  ten  of  quartz. 

It  would  not  lie  within  tneobjectof  the  present  work  to  detail  the  mechanical  pro- 
cess  of  fashioning  articles  of  earthenware.  Whenfonaed,  thevarefirstdried  tnlhe 
air,  and  then  heated  moderately,  to  expel  as  mnch  water  aS  will  fit  Ihem  for  the  re- 
ception of  the  glaze.  This  consists  in  covering  them  perfectly  with  a  sheet  of  easily- 
thsible  glass,  which,  iiy  entering  into  all  their  pores,  and  varnishing  their  sarfaee, 
renders  the  vessels  impervious  to  water;  the  glassy  constituents  of  the  paste  having. 
In  quantity  and  fttsibility,  only  sufficient  power  to  cement  the  particles  of  tlie  clay 
together,  without  depriving  the  mass  of  its  porosity.  The  composition  or  the  glaze 
may  vary  much  in  different  establishments;  an  ordiuaiy  one,  for  ironstone  china, 
consists  of  teMspaC  3G,  quartz  20,  white  iead  40,  flint  glass  8.  These  mateiiats  axe 
flitted  together,  and  then,  being  reduced  to  impalpable  powder,  are  diffused  ihroi^li 
water,  into  which  the  vessel  to  be  glazed  is  dipped,  and  is  tl>en  taken  out  again.  The 
clayey  substance  of  the  vessel  rapidly  imhibes  the  water,  and  the  fiae  powder  of  the 
glaze  remains  uniformly  spiead  upon  the  surface.  The  artides  so  prepared  are  ar- 
ranged in  capsules  ofa  very  refractory  ware,  and  placed  in  tho  kiln  or  furnace  tote 
baked.  The  construction  of  the  porcelain  kiln  is  represented  in  the  iigurc  It  is  a 
Ktls. 
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ii  ghes!  floor  is  reserved 
rying  the  eapsnles  in 
h   li   the   Hrlieles   to   be 
kedarearrangeili  on  the 
fl       of  the  sei:ond,  tlie  ar- 
es are  dried  to  llie  de- 
gr     whieh  fils  them  for  the 
ption  of  the  glaze;  and 
e  lowest  cnaml:er,  by 
ull  action  of  the  fire, 
tl    final  baking  is  perform- 
d     The   operation   com- 
m      es,  first,  with  a  moder- 
fire,  the  fnel  being  io- 
rod  csd  into  the  cavity  h, 
d  supplied  with  air  by 
pertares  es;  the  heat 
g  allowed  to  rise  grad- 
for  sis  or  eight  hoars, 
pace  becomes  full  of 
g      d  fael,  and  a  strong 
draught  lb  established     Th    ape  re       n     os  d  (and  for  this,  as  for 

glass  making,  ^i  ood  an  w       be   )       h    p  ic  nd  the  air  admitted  to 

Ihe  kiln  only  after  havi  g    as        h        h  /     Th   temp  rature  is  thus  kept  imiform- 
ly  inten'ie  foi  seventeen  h         h  ki     being  allowed  to  cool 

slowly  io!  three  or  four  days,  the  articles  are  extracted  in  their  finished  slate. 

The  glaze  on  earthenware  being  a  transparent  glass,  it  may  be 
coloured  by  various  metallic  osides,  and  thus  the  paJCcrns  produced 
which  give  to  the  finer  kinds  of  ware  so  much  popularity.  The 
coloured  glass,  bein^  reduced  to  fine  powder,  is  mixed  up  with  oi! 
of  spike,  and  either  laid  on  with  a  brush,  as  in  ordinary  painting, 
or  printed,  in  a  very  ingenious  manner,  by  having  the  pattern  en- 
graved on  copper,  and  printing  it  with  the  glaze  made  with  oil  into ' 
a  very  thin  ink  on  damp  tissue  paper.  The  paper  with  the  figure 
thus  formed  is  laid  evenly  on  the  vessel,  which,  from  its  porosity, 
immediately  absorbs  the  liquid  materials  of  the  ink,  and  leaves  the 
powder  of  the  glaze  on  the  surface  in  all  the  fine  tracings  of  the  de- 
sign. The  paper  is  then  cautiously  rubbed  off  by  the  finger  in  a 
vessel  of  cold  water,  and  the  uniform  glazing  applied  over  all,  as 
before  described.  The  blue  patterns. are  produced  by  cobalt;  the 
black  by  a  mixture  of  oxides  of  iron  and  manganese;  the  crimson 
by  gold;  and  gold  and  platina  are  applied  also  in  their  metallic 
state,  by  dissolving  their  chlorides  in  oi!  of  turpentine,  and  apply- 
ing this  varnish  with  a  pencil,  then  burning,  and  burnishing  the  me- 
tallic surface. 

A  coarse  kind  of  glazing,  given  to  the  common  articles  of  earth- 
enware, is  produced  by  throwing  into  the  kiln,  when  intensely  hot, 
a  few  handfuls  of  common  salt;  by  means  of  the  watery  vapour 
produced  by  the  combustion  of  the  fuel,  the  silicic  acid  on  the  sur- 
face of  the  earthenware  decomposes  the  common  salt,  which  is  con- 
verted into  vapour  by  the  heat ;  Si.Oj  with  Na.Cl.  and  H.O.,  produ- 
cing Na.O. .  Si.Oj,  which  forms  a  transparent  glassy  varnish  on  their 
surface,  while  H.Cl.  passes  off  with  the  excess  of  watery  vapour, 
forming  copious  white  fumes. 
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fp.  351,  el  isq.),  and  do  not  require  larlher  deiail. 

Sales  of  Manganese. '' 

Manganese  may  give  origin  to  four  classes  of  salts,  in  two  of 
which  it  constitutes  the  base,  and  in  the  others  forms  an  element 
of  the  acid  ;  these  last,  the  manganaies  and  permanganates,  have  been 
noticed  in  p.  356,  and  it  remains  only  to  describe  the  former. 

Protochloride  of  Manganese.~M.a.Q\.-{-^  Aq.  Eq.  788-5-|-450  or 
63  19-1-36.  This  salt  maybe  obtained  by  digesting  ihe  commercial 
black  oxide  in  muriatic  acid  until  all  the  excess  of  chlorine  has 
been  expelled,  then  evaporating  to  dryness,  and  fusing  the  mass,  at 
il  bright  red  heat,  in  a  crucible.  The  chloride  of  iron,  which  is  form- 
ed by  the  impurities  of  the  ore,  is  decomposed  by  the  last  portions 
of  water,  and  muriatic  acid  being  given  off,  oxide  of  iron  remains. 
Hence,  on  digesting  the  melted  mass  in  water,  prolocbioride  of 
manganese  dissolves,  and  all  the  iron  remains  insoluble.  The  solu- 
tion, which  is  of  a  pale  pinkish  tint,  is  to  be  evaporated,  and  the  salt 
crystallized.  The  crystals  are  rhombic  tables,  rose  coloured;  by 
heat  they  lose  their  water  of  crystallization,  but  are  not  otherwise 
altered.  It  ia  known  to  be  free  from  iron  when  its  solution  gives, 
with  yellow  prussiate  of  potash,  a  pure  white  precipitate. 

Perchloride  of  MaTigtinese,  Mn.Cl,,  appears  to  be  formed  when 
strong  muriatic  acid  is  digested  on  peroxide  of  manganese  without 
heat.  A  gentle  heat  resolves  it  into  protochloride  and  free  chlorine. 
ProtosulpAate  of  Manganese.— ^n.O. .  S.Oj+T  Aq.  This  salt  may 
be  obtained  pure  from  the  comraercini  oxide  by  mixing  this  into  a 
thick  cream  with  oil  of  vitriol,  and  heating  it  in  a  shallow  dish 
uotil  it  becomes  quite  dry,  oxygen  being  given  off.  The  dry  mass 
which  contains  the  mixed  sulphates  of  iron  and  manganese  is  to  be 
then  placed  in  a  crucible,  and  heated  to  bright  redness  j  the  sulphate 
of  iron  is  decomposed,  its  sulphuric  acid  being  expelled  by  the  heat  j 
but  the  sulphate  of  manganese  is  not  altered,  and  on  digesting  the 
resulting  mass  in  water,  dissolves,  and  is  obtained  crystallized  by 
evaporation  and  cooling.  This  salt  crystallizes  in  oblique  rhombic 
prisma  with  7  Aq.,but  is  also  found  with  5  Aq.and  with  4  Aq.,  its 
form  changing  in  each  case.  In  all,  one  equivalent  of  water  is  con- 
stitutional, and  maybe  replaced  by  an  alkaline  sulphate,  with  which 
the  sulphate  of  manganese  forms  double  salts,  like  those  of  sulphate 
of  magnesia. 

Sesguwulpkate  of  Manganese,  Mn,0,-|-3S.0j  may  be  obtained  by 
dissolving  the  aesquioxide  in  sulphuric  acid.  The  solution  is  of  a 
rich  crimson  colour:  when  heated,  it  becomes  colourless,  giving 
off  oxygen,  and  it  is  instantly  bleached  by  sulphurous  acid  or  any 
deoxidizing  agent.  Its  most  important  properly  is  that  of  forming 
with  the  sulphate  of  potash  or  of  ammonia  double  salts,  crystallizing 
in  octohedrons,  which  are  manganese  alums,  similar  in  constitution 
to  the  ordinary  alum,  but  with  Al^Oj  replaced  by  MniO.j. 
No  other  salt  of  manganese  requires  special  notice. 
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Sails  of  Iron. 
There  are  two  series  of  iron  salts,  corresponding  to  the  two  ox- 
ides, prolo-salis  and  ses^i-salls. 

Protothlofide  o//i-o;i.— Fe.C1.4-4H.O.  This  salt  is  formed  when 
metallic  iron  is  dissolvecl  in  muriatic  acid,  hydrogen  being  evolved ; 
the  solution,  which  is  of  a  pale  bluish-green  colour,, yields,  on  evap- 
oration, rhombic  crystals  of  the  hydrated  chloride,  which  are  slightly 
deliquescent.  This  solution  absorbs  oxygen  from  the  air  witli  great 
avidity,  and  becomes  dark-green  coloured.  When  these  crystals 
are  heated  they  lose  water,  and,  if  the  air  have  not  access,  a  white 
mass  of  dry  protochioride  of  iron  is  obtained,  but  otherwise  per- 
chloride  is  formed  and  the  whole  decomposed.  The  anhydrous 
protochioride  is  very  elegantly  prepared  by  passing  a  stream  of  dry 
chloride  of  hydrogen  over  fine  iron  wire,  coiled  up  in  a  tube  of  hard 
Bohemian  glass,  and  heated  to  bright  redness:  hydrogen  gas  is 
evolved,  and  protochioride  of  iron  formed,  which  sublimes  into  the 
cold  part  of  the  tube  as  brilliant  white  spangles.  By  the  action  of 
the  air  it  is  rapidly  decomposed. 

Sesquickloride  of  Iron. — FeaClj.  This  salt  is  formed  when  iron  is 
dissolved  in  aqua  regia ;  a  deep  brown  solution  is  obtained,  which, 
when  evaporated  to  the  consistence  of  a  sirup,  gives  large  red  crys- 
tals of  hydrated  chloride,  which  are  very  deliquescent.  On  the  ap- 
plication of  heat,  this  salt  is  totally  decomposed ;  muriatic  acid  is 
given  off,  and  the  red  oxide  of  iron  remains  behind,  with  some  un- 
altered chloride,  as  a  basic  salt.  To  obtain  the  anhydrous  sesqui- 
ckloride, a  stream  of  dry  chlorine  gas  is  to  be  passed  over  iron  wire 
heated  to  redness  in  a  tube  of  Bohemian  glass.  The  iron  burns  in 
the  chlorine,  and  the  salt  sublimes  into  the  cool  portion  of  the  tube, 
where  it  forms  a  dark  olive  crystalline  mass,  which  rapidly  attracts 
moisture  from  tiie  air.     This  salt  is  very  soluble  in  alcohol. 

The  sesquichloride  of  iron,  when  dissolved  along  with  sal  ammo 
niac,  may  form  a  true  doable  salt,  containing  an  equivalent  of  each 
salt ;  hut  the  crystals  which  are  generally  thus  obtained,  although 
deeply- colon  red  red,  contain  but  two  or  three  per  cent,  of  the  chlo- 

Protoiodide  of  Iron,  Fe.L,  is  formed  by  digesting  iodine  in  wa 
ter  on  an  excess  of  iron  filings. '  Considerable  heat  is  evolved,  and 
a  colourless  solution  is  obtained,  which,  when  evaporated,  yields  a 
crystalline  mass  containing  water  of  crystallization,  and  which  is 
decomposed  by  a  farther  action  of  the  heat,  iodine  being  evolved. 
It  absorbs  oxygen  very  rapidly;  A  solution  of  protoiodide  of  iron 
dissolves  iodme  abundantly,  becoming  brown,  and  possibly  contain- 
ing the  sesqui-iodide,  Feilsj  but  it  is  more  likely  that  the  iodine  is 
not  combined,  as  it  is  sensible  to  the  test  of  starch. 

The  bromides  of  Iron  resemble  perfectly  the  iodides. 

Protosulphnieof  Iron.  GremCoHiCT-as.— Fe.O. .  S.0a+7Aq.  The 
manufacture  of  this  salt  is  conducted  on  the  large  scale  for  the  pur- 
poses of  the  arts,  by  exposing  to  the  action  of  air  and  moisture  the 
nodules  of  bisutphutet  of  iron,  which  are  found  abundantly  in  the 
strata  of  alum- slate-clay  (p.  436).  Oxygen  is  rapidly  absorbed  both 
by  the  iron  and  the  sulphur,  sulphuric  acid  and  oxide  of  iron  being 


by  Google 


SALTS    OF     IRON.  445 

formed,  and  the  liquor  which,  holding  these  in  solution,  drains  from 
the  beds  of  decomposing  pyrites,  is  run  into  tanks,  where  it  is  put 
in  contact  with  pieces  of  old  iron,  which  serve  to  neutralize  the  ex- 
cess of  acid  produced  from  the  pyrites,  being  a  bisulphuret,  and 
aiso,  by  means  of  the  hydrogen  evolved,  to  retain  all  the  iron  in  the 
state  of  protoxide;  after  proper  evaporation,  the  salt  is  obtained 
crystallized  from  these  solutions.  On  the  small  scale,  it  may  be 
prepared  by  dissolving  iron  wire  in  dilute  sulphuric  acid,  as  in  the 
process  for  preparing'  hydrogen  gas  (page  247).  The  ptotosu!phate 
of  iron  generally  crystallizes  with  seven  atoms  of  water,  of  which 
one  is  constitutional,  and  may  bft  replaced  by  an  alkaline  sulphate, 
forming  double  salts.  The  form  of  its  crystal  is  a  short  oblique 
rhombic  prism,  i^u,  w,  with  numerous  secondary  faces,  as  0,  c,  in 
the  iig.  Its  taste  is  styptic  and  metallic;  it  dissolves 
m-l-ti*  parts  of  water  at  50',  and  in  0-30  parts  at  212'. 
Like  the  other  protosalts  of  iron,  it  is  but  very  spa-  i 
nngly  soluble  in  alcohol.  When  heated,  it  abandons 
first  its  water,  and  at  full  red  heat  its  sulphuric  acid,  ^^ 

of  which  a  portion  is  decomposed  into  sulphurous  acid  and  oxygei , 
by  which  the  iron  becomes  peroxidized.  The  peroxide  of  iron  thus 
formed  is  used  in  the  arts,  under  the  names  of  roiige  and  colcothar, 
as  a  polishing  material.  On  these  properties  is  founded  the  manu- 
facture of  fuming  oil  of  vitriol,  described  in  page  247.  The  proto- 
sulphale  of  iron  absorbs  oxygen  rapidly  even  when  dry,  and  becomes 
covered  with  a  reddish  crust  of  basic  persulphate,  whence  its  com- 
mercial name.  In  solution,  the  absorption  of  oxygen  proceeds 
quickly,  until  two  thirds  of  the  iron  are  peroxidized  and  a  reddish 
solution  obtained,  from  which  alkalies  throw  down  the  black  mag- 
netic oxide  (see  page  363).     This  solution  does  not  crystallize. 

SMjK(i'w/pAaf«o//ron.— FeA-i-^SS.O^.  Eq.  2481-9  or  IDS  9.  This 
salt  is  found  native  in  large  quantities  in  Chili,  combined  with  9  Aq. 
It  may  be  prepared  artificially  by  pouring  oil  of  vitriol  on  red  oxide 
of  iron,  stirring  the  mass  well,  and  applying  a  moderate  heat  to  ex- 
pel the  excess  of  acid.  The  salt  may  then  be  dissolved  in  water, 
forming  a  red  solution,  and  giving,  when  evaporated,  n  deliquescent 
mass  scarcely  crystallized.  In  this  way  it  retains  an  excess  of  acid, 
which  may  be  driven  off  by  a  heat  just  below  redness.  The  persul- 
phate then  appears  as  a  white  powder,  which  dissolves  but  very 
slowly  in  water.  By  a  strong  heat  this  salt  is  totally  decomposed. 
The  protosulphate  may  be  converted  into  persulphate  by  adding  to 
a  boiling  solution  nitric  acid  in  small  quantities,  as  long  as  any  ni- 
tric oxide  gas  is  given  off.  There  are  several  basic  persulphates 
of  iron,  of  which  the  most  important  is  the  rust-coloured  powder, 
which  precipitates  from  a  solution  of  protosulphate  of  icon  when 
oxidized  by  exposure  to  the  air;  its  formula  is  2Fe203-|-S.03-f  3  Aq. 

The  persulphate  of  iron  combines  with  the  alkaline  sulphates  to 
form  a  class  of  alums,  which  contain  Fe^Oj  in  place  of  AljOj.  These 
iron  alums  are  generally  pale  red  in  colour,  but  have  the  form,  sol- 
ubility, and  nearly  the  taste  of  common  alum. 

Prolomlrate  of  Iron  may  be  formed  by  dissolving  sulphuret  of  iron 
in  cold  dilute,  nitric  acid  ;  it  crystallizes  in  pale-green  rhombs, 
which,  when  heated,  evolve  nitric  oxide  gas,  and  form  a  basic  ni- 
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trate  of  the  peroxide.  Metallic  iron  dissolves  in  dilute  nitric  acid 
without  the  evolution  of  any  gas,  water  and  nitric  acid  being  si- 
multaneously decomposed,  and  oxide  of  iron  and  ammonia  produced. 
Thus  N.O,  with  3H.0.  and  6Fe.,  give  6Fe.O.  and  N.H,. 

PemitraCe  of  Iron  is  produced  when  iron  is  dissolved  in  hot  nitric 
acid  ;  the  solution  is  reddish  brown,  and  gives,  by  drying,  a  deli- 
quescent mass  easily  deiiomposed  by  heat.  When  a  solution  of 
this  salt  is  decomposed  by  carbonate  of  potash  added  iu  excess,  the 
oxide  of  iron,  which  first  precipitates,  is  redissolved,  and  a  deep  red 
liquor  obtained,  which  is  sometimes  used  in  mcdicino  under  the 
name  of  Stu/d's  alkaline  tinccure  ofilron. 

Protophospliate  of  Iron,  Tribasic — H.O.  .  2Fe.O.+P.O, — may  bo 
formed  by  decomposing  a  solution  of  protosuJphate  of  iron  with  tri- 
basic phosphate  of  soda.  It  is  a  white  powder,  which  rapidly  be- 
comes blue  by  exposure  to  the  air,  a  portion  of  the  iron  becoiriing 
perosldized.  This  blue  phosphate  of  iron  is  a  double  salt,  which 
exists  in  nature,  forming  the  bog  iron  ore,  and  may  be  produced  ar- 
ttJiciaily  by  adding  solution  of  phosphate  of  soda  to  the  solution  of 
mixed  sulphate  of  iron,  from  which  alkalies  precipitate  the  black 
oxide  (p.  363).  The  precipitate  which  forms  is  of  a  rich  blue  col- 
our, and  is  not  ffhanged  by  exposure  to  the  air.  Its  formula  is  (H. 
0..2Fe.O.-{-P.05)-|-{2FeA-P-Oj).     It  is  used  in  medicine. 

Sesquipho-^phtUe  of  Iron,  2Fe,Oa-|-P.05,  is  obtained  by  decompo- 
sing a  solution  of  sesqui sulphate  of  iron  by  phosphate  of  soda.  It 
is  a  white  powder,  insoluble  in  water.     It  is  used  in  medicine. 

The  salts  of  the  protoxide  of  iron  are  remarkable  for  absorbing 
nitric  oxide  in  considerable  quantity,  and  forming  therewith  a  deep 
olive-coloured  liquor,  which  rapidly  attracts  oxygen  from  the  air. 
The  quantity  of  gas  absorbed  is  one  atom  for  two  atoms  of  salt, 
and  the  nitric  oxide  may  be  considered  as  replacing  the  third  atom 
of  oxygen,  which  forms  the  sesquioxide.  Thus  the  protochloride 
gives  Fe,  +  Cl;.  N.0„  and  the  protosulphate  (Fe,-[-0..  N.O,)  +28.0,, 
analogous  to  Fe,-|-C3.,  and  (Fej -f  O,)  +  2S.O3.  The  utility  of  this 
olive  liquor  as  a  test  for  nitric  acid  and  in  eudiometry,  has  been 
noticed  in  p.  264  and  281. 

Salts  of  J^'ickel  and  Cobalt. 

Gileride  of  N'uid,  Ki.Cl,,  may  be  obtained  by  dissolving  oxide  of  nickel  in  diluta 
muriatic  acid,  or  by  acting  on  (he  meial  with  the  hut  coacentraCed  acid.  It  crystal- 
lizes in  emerald  green  rhombs.  When  liealed,  il  loses  ils  water  of  crystallization, 
and  ^ves  a  yellow  powder,  which  by  a  red  heal  sublimes  in  crystals,  jiesemblmg 
Monaiegold. 

SulfAale  nf  Niciel.—lli.O. .  S.Os.  This  salt  is  obtained  by  dissolving  the  oxide 
Id  dilute  sulphuric  acid,  or  by  acting  oa  Ihe  metal  with  a  mixture  of  nitric  and  sul- 
phuric acids  cfihiled  wuh  Water ;  the  nitric  acid  tiitn  supplies  oxygen.  This  sola, 
lion  gives  fine  emerald  green  crystals,  which  vary  in  (brin  acconline  10  the  quanll- 
ly  of  water  ihey  contain;  When  the;  form  below  CO^,  1  hey  are  long  rhombic  prisizis, 
contiiining  T  Ag.,  and  isomorphous'wilh  the  sulphates  of  zinc  and  mBgnesia;  Lnt 
when  ibrme'i  at  any  temperature  above  00°,  the  quaniity  of  water  is  six  atoms,  aiid 
the  form  is  an  octohedron  with  a  square  base.  If  a  prismatic  crystal  be  exposed  10 
n  moilerate  hea'  or  10  sunshine,  it  gives  off  an  atom  of  water,  and  l>ecames  oqagiic 
by  breaking  up  into  a  nnmber  of  very  minute  crystals  of  the  octohedral  form.  In 
sulphate  oC  nickel  one  atom  of  water  being  consli rational,  may  be  replaced  by  ihe 
alltHline  sulphates,  jind  double  sslis  Irinned,  of  which  some  are  very  beautiful. 

C/iloride  of  Cobalt,  Co. CI.,  is  formed  by  dissolving  oxide  of  co- 
balt, or  ihc  zaffre  of  commerce,  in  muriatic  acid.     The  solution  is 
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pinl;iab,  and  gives,  on  evaporation,  rose-red  crystals  of  liydrnted 
chloride  ;  if  the  evaporation  be  pushed  very  far,  the  liquor  becomes 
blue,  and  dark  blue  crystals  of  anhydrous  chloride  are  deposited. 
If  the  solution  contains  nickel,  which  is  always  the  case  when  pce- 
pared  from  zaSVe,  the  colour  becomes  green,  and  it  is  thus  that 
sympathetic  inks  of  cobalt  are  produced,  and  summer  Qiid  winter 
scenes  in  landecapee  alternated  ;  the  surface  of  n  drawing  washed 
with  ft  very  dilute  solution  of  chloride  of  cobalt  being;  white  until 
dried  before  the  (ire,  but  then  becoming  grass  green. 

SiUpial^  of  Cobalt,  Co.O.+S.Os,  is  obtained  by  Irealing  zaSreii'ith  saljihnrii;  acid. 
Ill  its  geneial  characters  it  resembles  the  chloride;  when  healed  strongly,  il  gives 
off  sulphuric  acid,  and  ozide  of  cobalt  remains;  it  contains  sis  atoms  of  wa.ier  of 
crystallization,  ami  gives  a  double  salt  with  sulphate  of  noiaslL, 

Ptejiiafeo/CWaii,  H.O. .  2Co.O.+P.Oi,  is  precipitated  in  dark  violet  flocks  when 
solution  ofsulphateortobaltDJid  phosphate  of  soda  are  mixed  together.  Tiiis  sub- 
Biance  is  the  basis  of  a.  very  l>eauliful  pigment,  TSsmwa'*  Bliu!,  which  is  prepared  by 
mixing  intimately  one  part  of  pbospliate  of  cobalt  with  two  or  three  of  iilumina, 
and  exposing  the  mixture  to  an  intense  while  heat  in  a  wind  furnace.  The  blue 
tint  thus  given  to  alumina  serves  as  a  tost  for  that  earth,  panioularly  to  distioguish 
It  from  magnesia  by  the  Dlowpipe.    (See  p.  Si9  and  351). 

Siticaie  of  Cobalt  constitutes  the  blue  smalts  employed  to  tinge 
paper  and  to  colour  glass;  the  finest  kind  is  known  in  commerce 
as  azure,  '  Its  manufacture  is  conducted  on  the  great  scale  in  Sax- 
ony and  Sweden,  and  is  the  process  in  which  most  of  the  arsenic 
of  commerce  is  obtained,  that  being  expelled  in  the  roasting  of  the 
cobalt  ores  {p.  366,  376J.  From  the  zaffre  a  sulphate  of  cobalt  is 
prepared,  and  on  the  other  hand  a  silicate  of  potash,  by  melting  to- 
gether fine  sand  and  carbonate  of  potash  ;  these  solutions  being 
mixed,  silicate  of  cobalt  is  precipitated,  while  sulphate  of  potash 
remains  dissolved.  This  precipitate  is  the  best  material  (av  colour 
ing  porcelain  and  glass;  but  the  ordinary  smnlts  are  formed  by  melt- 
ing impure  carbonate  of  cobalt  with  potash  and  qitartz  into  a  blue 
glass,  which  is  then  reduced  to  impalpable  powder,  and  sorted  ac- 
cording to  the  quality,  for  commerce. 

Salts  of  Zinc  ahd  Cadmium. 

iMorideof  Zlm — Zn.Cl.;  Eq.  845'9  or  CTTS— may  be  prepared  by  burning  metal- 
lic zinc  in  chlorine,  or  by  dissolviag  the  metal  in  muriatic  acid.  The  solution  ^ 
colourless ;  when  evaporated,  it  yields  rhombic  crystals,  which  contain  water,  and 
deliqnesoe  with  extreme  rapidity.  The  dry  salt  is  white,  and  melts  a  little  above 
SIS",  so  thai  a  solution,  when  evaporated,  never  becomes  solid.  It  is  hence  some- 
times applied  as  a  bath  in  place  of  oil  or  fusible  metal,  in  taking  the  specific  gravity 
of  vapours  (p.  14).  From  ils  fusibility  and  softness,  it  had  formerly  the  name  of 
BaUer  of  Ziiie.  From  its  affinity  for  water,  it  acts  powerfully  as  a  caustic  on  the  liv- 
ing tissues,  and  is  employed  in  medicine  as  such. 

Chloride  of  zinc  combines  with  oxide  of  zinc  in  many  proportions,  forming  oiy- 
clilorides  of  which  there  are  three  worthy  of  notice:  the  first,  which  is  long  known, 
is  formed  by  decomposing  chloride  of  zinc  by  a  small  quantity  of  ammonia;  its  for- 
mula is  Zn.Cl.-l-3Zn.O.+4  Aq.  The  second  result-i  from  the  action  of  water  on 
the  ammoniacai  chloride  of  zinc;  itsfomiutiLis  Zn.CL-|-6Zn.O.-)-IO  Aq.,  and  is  that 
whose  Hnalogies  to  the  liquid  muriatic  acid  have  been  pointed  out  in  p.  30i).  The 
third  is  ibrmed  by  acting  on  chloride  of  zinc  with  an  excess  of  potash ;  ils  formula 
Is  Zn.CI.+9Zn.O.-f-14  Aq. 

The  bromide  and  iodiile  of  Zinc  resemble  completely  the  chloride  in  general  char- 
aolers;  a  solution  of  iodide  of  ziac  is  enpable  of  dissolvine  a  large  quantilv  of  iodine. 
Sulphate  of  Zinc,  Zn.O.  .'  S.O3+7  Aq.,  may  be  producrd  by  dis 
solving  the  metal  in  dilute  sulphuric  acid.  For  the  purposes  of  the 
nrta,  it  is  made  upon  the  great  scale  by  roasting,  in  a  current  of  hot 
air  in  a  reverberatory  furnace,  tlie  native  sulphuret  of  zinc,  blende 
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The  metal  and  sulphur  both  combining  with  oxygen,  a  neutral  sul- 
phate of  the  oxide  is  formed,  which  being  then  dissolved  out  by 
water,  the  soiution  is  evaporated  to  a  jiellicle,  and  allowed  to  crys- 
tallize. Sometimes  the  blende,  in  place  of  being  roasted,  is  exposed 
on  sloping  beds  to  the  action  of  the  air  and  raoistuve,  when  it  grad- 
uaJIy  attracts  oxygen,  and  is  treated  as  has  .been  described  under 
the  head  of  sulphate  of  iron.  The  crj'stals  which  first  form  are 
heated  until  they  undergo  watery  fusion,  and  ore  then  poured  into 
uonical  moulds,  where  they  solidify,  and  the  salt  is  thus  sent  into 
commerte  in  masses  like  sugar-loaves:  its  com- 
mercial name  is  w/tiie  vitriol.  The  crystals  of  sul- 
phate of  zinc  are  eight  fhnrabic  prisms,  as  in  the 
figure,  containing  43-9  per  cent,  of  water,  and  are 
soluble  in  two  and  a  half  times  their  weight  of  cold 
water.  It  is  permanent  in  the  air.  It  combines 
with  the  alkaline  sulphates,  which  replace  its  con- 
stitutional water,  forming  double  salts,  and  with  os- 
I  form  basic  salts,  of  which  several  are  known,  and 
n  constitution  with  the  oxychlorides  of  zinc.  Their 
as  been  already  noticed  in  p.  3G8. 
Nitrate  of  Zinc,  Zn.O. .  N.O5,  is  obtained  by  dissolving  the  metal  in  dilute  nitrii: 
acid ;  it  crjsfflilizes  ia  flat  fout-sided  prisms.    It  is  deliquescent,  and  soluble  in  al- 

Ki>  other  salt  of  zinc  is  of  importance. 

CldoHtle  of  Ca'imitiin,  Cd.CI.,  crystallizes  in  large  four-sided  prisms ;  it  is  not  de- 
liquescent. The  oilier  salts  of  cadmium  resemble  completely  the  coiTfisponding 
sails  of  zinc,  and  do  not  require  notice. 

Sails  of  Tin. 
ProtochhnJe  of  Tin.— Sa.Ci.  + 3  Aq.  Eq.  1177-9 +  337-5  or  94-39 
-i-27.  This  salt  is  obtained  anhydrous  by  heating  tin  in  a  current 
of  muriatic  acid  gas,  hydrogen  being  evolved  ;  or  by  distilling  a 
mixture  of  equal  parts  of  tin  and  corrosive  sublimate  in  a  glass  re- 
tort, the  metallic  mercury  first  passes  over,  and,  finally,  the  proto- 
chloride  of  tin  sublimes  at  a  strong  red  heat.  It  forms  a  gray  glassy 
mass.  In  combination  with  water,  it  may  be  obtained  by  dissolving 
ft  strong  muriatic  acid  until  it  is  saturated,  and  on  evaporation 


the  salt  crystallizes  in  long  prisms,  which  contain  three  t 
water.  When  these  crystals  are  heated,  they  first  lose  wafer,  but 
afterward  muriatic  acid  passes  oft",  and  a  basic  salt  remains.  This 
crystallized  protoehloride,  nnder  the  name  ol  sali  of  tin,  is  used  ex- 
tensively in  dyeing  as  a  mordant ;  in  its  preparation  on  a  large 
scale,  copper  vessels  may  be  employed,  because,  as  long  as  any 
metallic  tin  is  present,  the  copper  is  electrically  protected  by  it, 
and  is  not  acted  on  by  the  acid.  This  salt  is  very  soluble  in  water, 
but  is  decomposed  by  a  large  quantity,  a  basic  salt,  Sn,Cl-|-Sn.O., , 
being  thrown  down  j  hence,  in  order  to  have  a  dilute  solution  clear, 
it  requires  the  addition  of  a  few  drops  of  muriatic  acid.  Protoehlo- 
ride of  tin  is  remarkable  for  its  affinity  for  oxygen  and  for  chlorine  j 
it  reduces  the  salts  of  silver,  quicksilver,  and  gold  to  the  metallic 
state,  and  the  salts  of  copper,  iron,  and  manganese  to  the  lowest 
state  of  osidation.  It  acts  similarly  on  many  organic  substances, 
as  indigo,  iitmine,oroeine ;  forming  colourless  compounds,  which 
have  some  important  applications  in  the  art  of  dyeing. 
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T!ie  protochloride  of  tin  combines  ivith  chloride  of  potassium  and 
with  sal  ammoniac  to  form  double  salts,  which  were  analyzed  by 
Ajijohn. 

Perc/iloride  of  Tin,  Sn-Glj,  is  prepared  anhydrous  by  distilling  a 
mixture  of  four  parts  of  corrosive  sublimate  and  one  of  metallic 
tin  ;  at  a  very  moderate  heat,  a  colourless  liquid  distils  over,  which 
forms  dense  white  fumes  where  it  comes  into  contact  with  the  air: 
this  is  the  bichloride  of  tin,  the/wmng  liquor  of  Libavius.  Metallic 
mercury  remains  in  the  retort.  This  sing;u]ar  compound  boils  at 
24.8^  Fah. ;  the  specific  gravity  of  its  vapour  la  9-12.  When  mixed 
wilh  one  third  of  its  weight  of  water,  it  solidifies  into. a  crystalline 
mass,  and  it  is  hence  that  it  forms  such  dense  fumes  by  exposure 
to  damp  air.  It  may  be  prepared  in  this  crystallized  form  by  dis- 
solving tin  in  nitromuriatic  acid  and  evaporating  the  solution,  or 
by  passing  chlorine  into  a  solution  of  protochloride  as  long  as  it  is 
absorbed.  If  the  crystals  be  heated,  they  are  decomposed,  muriat- 
ic acid  being  siven  off,  and  peroxide  of  tin  remaining. 

roixtag  soluHons  ot  liSlile  of  potassium  wiili  a  slight  e-xcess  of  prolochlotide  of  tin. 
It  is  a  brownish  red  mass,  soluble  in  water,  and  crystallizing  Irom  tlie  solution  in 
long  prisms  of  a  bright  orange  colour.  It  is  decomposed  by  a  large  qoanli  [y  of  wa- 
— .    It  combines  with  the  iodide  of  potassium  to  form  a  soluble  double  iodide.    Tbe 


mportant. 

Prdesidj^tats  of  Tyn,  Sn.O. .  S.Oa,  is  formed  when  tin  is  dissolved  in  stronf;  sul- 
phtiric  acid.  A  saline  mass  is  obtained,  which  dissolves  in  water,  giving  a  brown 
solution,  from  which  Che  salt  crystallizes  in  small  needles.  Sancrofi's  monltiil,  for 
dyers,  is  prepared  by  digesting  two  parts  of  tin  with  three  of  strong  mnrintic  cicid  for 
an  hoar,  and  then  adding  one  and  a  half  parts  of  oil  of  vitriol  very  cauiionsly.  The 
mass  becomes  hot,  and  the  tin  is  rapidly  dissolved.  The  heat  is  to  be  Iccpi  up  on  the 
sand-bath  as  long  as  hydrogen  is  evolved.  The  solution,  on  cooling,  fomis  a  crys- 
talling mass,  which  is  to  be  dissolved  in  water,  so  that  eight  parts  of  the  solution 
shall  contain  one  of  tin. 
.  The  sulphuric  and  nitric  acids  may  be  neutralized  by  freshly-precipitated  peroiide 
of  tin  i  but  these  salts  possess  very  little  stability,  aad  are  of  no  Cecbnieal  or  scientilic 
interest.  The  peroxide  of  tin  itself  acts  as  an  aeid,  and  its  relations  lo  the  alkalies 
have  been  described  in  p.  371. 

The  sulphurets  of  tin  act  as  sulphur  acids,  combining  with  the  sulphurels  of  the 
alkaline  metals.  The  bisiJ^iiwrel  forms  with  sulphuret  of  sodiam  a  crysiallizable 
salt,  3Na.S.+Sn.S2-l-13  Aq.,  sidpkoslo'MMie  of  Soilmm. 

Salts  of  Chromium  and  Vanadium. 

There  are  two  kinds  of  sails  of  chrome,  one  in  which  the  oxide  of  chrome  is  the 
base,  aad  the  other  in  which  the  chromic  acid  is  combined  wilh  bases. 

A.    Salts  of  Oxide  of  Chrame. 

moride  of  Ckfantc—CiiOli.  Eq.SOSl'Gor  162-3.  When  oxide  of  chrome  is  mix- 
ed wilh  lampblack,  and  treated  by  a  earrent  of  dry  chlorine  at  a  red  lieai,  as  de- 
scribed for  the  preparation  of  the  chlorides  of  silicon  and  aluminam,  the  chloride  is 
obtained  sublimed  in  the  cold  parf  of  the  tube  in  peach-blossom-coioured  scales  of 
exceeding  beauty.  Il  may  also  be  obtained  by  dissolving  oxide  of  chrome  in  muri- 
atic add,  and  evaporating  the  solution ;  it  remains  as  a  green  mass,  in  which  ii  is 
combined  with  3H.O.  When  heated  to  450°,  it  froths  up  very  much,  gives  off  that 
water,  and  forms  a  rose-coloured  mass  not  so  beautiful  as  that  obtained  by  the  pro- 


a^oderomic  Add. — Cr.Cla-f2Cr.0a.  This  singular  compound  is  obtained  by 
melting  together  in  a  crucible  ten  parts  of  common  salt  and  seventeen  of  bichromate 
of  potash;  the  melted  mass  is  poured  out  on  a  slab,  and  broken  into  small  pieces, 
wiUi  which  a  tabulated  retort  may  he  filled,  and  after  a  receiver  and  condensing  ap- 

?aTalus  have  been  altached,  forty  parts  of  oil  of  vitriol  are  lo  be  poured  on  the  mass, 
'he  decomposition  occurs  so  violently,  thai  in  a  few  minutes  all  the  produci  distils 
erer,  without  the  application  of  external  heat.    This  substance  is  a  Ihin  bl  od-red 
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liquid,  appearing  black  by  refleeteii  light;  it  fimies  mucli  by  exposure  to  the  air]  ili 
vapour  is  led  like  nitrous  acid.  When  its  vapoar  is  heated  to  redness,  it  is  decom 
posed,  as  descrilied  in  p.  3TA  It  is  decomposed  by  water.  Alcohol  placed  in  eoa 
tact  with  it  lakes  to,  burning  with  a  bright  flame;  phospharus  acts  in  the  same 
way.  This  substance  may  eitlier  be  looked  upon  as  a  compound  of  perchloride  of 
chrome  with  chromic  acid,  Cr.CU+SCr.Oa,  or  as  a  compound  of  chlorine  wiih  a 
deutoiide  of  chrome,  Cr.OaCl.  The  analogy  of  Ihe  sulphndc  to  the  chromic  acid 
is  supposed  to  favour  this  latter  view,  as  also  the  sp.  gr.  of  iis  vapour,  which  is  &'J. 

Sulphate  of  Qirome,  Crs0s+3S.0s,  may  be  formed  by  dissolTing  oxide  of  chrome 
in  dilute  sulphuric  acid,  but  does  not  crystallize.  Its  only  Important  cbaraiCtcr  is, 
that  it  combines  with  the  sulphates  of  [>ute;^h  or  of  ammonia  to  form  double  Raits, 
the  chTime  ofoiuu,  which  crystallize  in  dark  purple  oclohedrons,  and  which  confaia 
llie  same  proportion  of  acia,  alkali,  and  water  as  eororaou  alum,  hnt  oxide  of  chrome 
In  place  of  alumina.  The  soluiioh  of  chrome  alum  in  cold  water  is  pntple,  but 
when  heated  it  becomes  green,  and  the  elements  of  Ihe  salt  sit  then  found  to  be  no 
longer  united,  as  by  evaporation  they  may  be  separated.  It  would  appear,  indeed, 
that  almostevery  salt  of  chrome  may  e^cist  in  either  a  green  or  a  red  condition,  and 
that  in  the  former  they  do  not  crystallize.  The  chrome  alum  is  obtained  abundant- 
ly by  selling  aside  for  a  few  days  the  residue  of  the  process  for  making  aldeliyd,  as 
described  farther  on. 

The  PsTJiaoride  of  Chrome.,  Cr.Fj,  is  formed  by  acting  wiih  oil  of  vitriol  on  a  mix- 
ture of  powdered  ftuor  spar  and  bichromate  of  potash  in  a  platinum  retort.  It  is  a 
gas  of  a  rich  crimson  colour,  which  can  only  be  collected  in  a  platinum  cnicible  in- 
verted in  the  quicksiiver  trough.  Its  decomposition  by  water,  and  the  consequent 
formation  of  chromic  acid,  has  been  already  noticed,  p.  3T3. 
B,  Salts  of  Chromic  Acid, 

Ckromales  of  Potash. — The  maiiufactiire  of  the  bichromate  of  pot- 
ash, K.O.+SCr.Oj,  is  carried  on  extensively,  as  it  is  from  that  salt 
thai  all  the  compounds  of  the  metal  used  in  chemistry  or  in  the  arts 
are  prepared.  It  Js  made  fi'om  the  only  abundant  ore  of  chrome, 
the  chrome-iron,  Fe.O.+CrjOj,  by  the  following  process.  Two  parts 
of  the  ore,  ground  to  a  fine  powder,  are  intimately  mixed  with  one 
part  of  saltpetre,  or  four  parts  of  ore  are  used  with  two  parts  of 
pear!  ashes  and  one  of  saltpetre,  and  the  mixture  exposed  for  sev- 
eral hours  on  the  fioor  of  a  reverberatory  furnace  to  a  violent  heat. 
Under  the  influence  of  the  potash,  the  oxide  of  chrome  absorbs  the 
oxygen  from  the  air,  and  forms  chromic  acid.     The  calcined  mass 

ih  water,  and  a  deep  yellow  liquor  is  produced,  which 

5  neutral  chromate  of  potash,  which  may  be  obtained  crys- 
tallized by  evaporation;  but  as  this  salt  is  not  well  suited  for  ihe 
purposes  of  commerce,  it  is  generally  changed  into  (be  bichromate 
by  adding  to  the  liquor  a  quantity  of  sulphuric;  acid,  which  takes  one 
half  of  the  potash,  and  the  bichromate  is  then  obtained  by  crystalli- 
zation in  tanks  lined  with  lead. 

Bichromate  of  Potash  crystallizes  in  large  four-sided  prisms  and 
square  tables  of  a  rich  orange-red  colour.  It  melts  easily,  and  in 
cooling  crystallizes  in  another  form.  It  is  soluble  in  ten  parts  of 
cold  water.  It  is  not  decomposed  except  by  a  white  heat,  which 
expels  oxygen,  and  leaves  a  mixture  of  o\ide  of  chrome  and  neutral 
chromate  of  potash. 

The  neutral  Chromate  of  Potash,  K.O,  .  Cr.O^,  may  be  prepared  by 
"ing  to  a  solution  of  bichromate  of  potash  as  much 
more  alkali  as  it  already  contained.     It  is  soluble  in  twice 
its  weight  of  cold  water.     Its  solution  is  intense  golden 
I  yellow;  it  crystallizes  in  rhombic  prisms,  isomorpbous 
with  those  ofsulphate  of  potash,  as  in  the  figure,  of  wlilcb 
re  primary,  and  i,  m  are  secondary  planes. 
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If  bichromate  of  potash  he  dissolved  in  hot  dilute  nitric  acid,  a 
lerchromale  o[  potash,  K.O.  .  +3Cr.0a,  crystallizes  when  the  solution 

When  bichromate  of  potash  is  dissolved  in  rather  more  than  ita 
own  weight  of  strong  muriatic  acid,  with  a  very  gentle  heat,  so  that 
no  chlorine  shall  be  evolved,  and  the  liquor  shall  retain  its  clear 
orange  colour,  a  salt  crystallizes  on  cooling  in  fine  four-sided  prisms, 
which  is  very  remarkafaie  in  constitution,  consisting  of  an  equiva- 
lent of  chloride  of  potassium  united  to  two  of  chromic  acid,  K.Ch 
+  2Cr.O,. 

None  other  of  the  chromates  of  the  metals  that  have  been  as  yet 
described  possess  interest. 

Vanadium  is  the  basi=  of  several  classes  of  sails,  which,  however,  fi-ora  the  ex- 
ceeding raiily  of  the  metal,  have  been  but  little  stadied.  The  sails  containing  the 
vntiadic  oxide  are  generally  splendid  blue ',  those  containing  the  vcmedic  add  as  basis 
are  red  or  yellow,  while  those  which  contain  vanadic  acid  as  acid  are  colonrless,  oi 
cobured  according  to  the  nature  of  the  base  with  which  it  may  he  combined. 

Salts  of  Tungsten,  Molybdenum,  Osmium,  and  Columhium. 

Tungsten  covnbines  directly  with  chlorine  in  two  proportions,  forming  the  fcichlo- 
ride  and  perchloride,  according  as  the  metal  oi'  the  gas  la  in  excess.  Bolh  are  vol- 
atile, and  condense  in  red  needles.  They  are  decomposed  by  water,  giving  muriatic 
acid  and  tungsiic  oiide,  W.O3,  or  tungstic  acid,  W.Oa-  A  cIibrotungi>lic  acid  esists, 
W.OjCl.,  analogous  to  Ihe  chlorochromio  acid. 

None  of  the  componnds  of  tungsten  with  oxreen  act  as  bases.  The  nature  of  (ha 
salts  of  luagstic  actd  has  been  suJfieiemly  explained  already  in  p.  374. 

Mi'h^demim  takes  lire  when  heated  in  a  stream  of  chlorine  gas,  and  forms  the  ter- 
cldiiride,  M0.CI3,  which  crystallizes  in  the  cold  part  of  the  tube  in  brilliant  black 
scales,  lite  iodine.  Its  vapour  is  dark  red.  Two  other  chlorides  of  this  metal,  Mo. 
CI.  and  Mo.Cls,  are  known  to  exist. 

The  protoiide  of  molybdenum  forms  salts  with  the  osygen  acids,  which  are  pur- 
ple or  black  coloured,  and  are  very  easily  decomposed  by  heat.  Thus  the  sulphate 
IS  resolved  into  sulphurous  aeid  gas  and  molybdic  oxide.  The  tflolybdic  oiide  also 
ibrms  a  series  of  salts,  generally  red  colonred,  which  do  not  possess  any  special  in- 
terest The  molybdic  acid  forms  two  series  of  salts,  in  one  of  which  it  acts  as  base, 
and  in  the  other  as  an  acid. 

Osmbum  is  the  hasis  of  several  sails  which  ace  as  yet  very  little  known,  Wheii 
metallic  osmium  is  heated  in  astreamof  dry  chlorine,  in  a  long  glass  tube,  a  volatile 
mixture  of  protochloride  and  perchloride  of  osmium  is  produced.  The  Cirnier, 
which  is  the  less  volatile,  condenses  near  the  heat  in  long  needles  of  a  fine  green 
Mlour ;  while  the  latter,  beitig  carried  much  farther  by  the  current  of  gas,  is  depos- 
ited as  a  red  powder  destitute  of  any  crystalline  texture.  Both  these  salts  combine 
with  the  alltaline  chlorides,  foiming  double  salts.  All  three  oxides  of  osmium  com- 
bine wi-h  the  oxygen  acids  to  form  salts  which  do  not  crystallize,  and  have  been. 
Veiy  little  stadied, 

Coiavibiitm  forms  a  volatile  chloride.  Its  oiide,  Ta.Oi,  does  not  combine  with 
acids,  and  the  coiumbic  acid  forms  salts  which  are  not  of  practical  importance. 

Salts  of  Arsenic. 

(Mi-nde  of  Ansnie—A^.Ch;  Eq,  ^G80  or  181-74— is  formed  when  the  metal  hunw 
spontaneously  in  chlorine ;  it  is  a  volatile  liquid,  which  forms  dense  white  fumes  on 
esposnre  to  the  air.  It  may  be  obtained,  also,  by  mixing  intimately  one  part  of  ar 
senions  acid  and  three  of  common  salt ;  putting  them  into  a  retort  to  which  aeon 
denser  is  attached,  and  adding  Ihur  narts  of  oil  of  vitriol.  By  a  moderate  heal  the 
chlurideof  arsenic  distils  over  as  a  dense  liquid.  By  much  water  it  is  resolved  i;i to 
arsenious  and  mnriatie  acids.    The  sp  gr.  of  its  vapour  is  6295. 

laJiiie  of  Arsmii:,  AS.I3,  is  best  prepared  by  digesting  one  part  of  arsenic  will, 
five  of  iodine  and  fiRy  of  water,  until  the  iodine  disappears;  on  cooling,  iheloaidt 
eeparates  in  ora^e-red  crystals.  It  is  decomposed  by  water  into  hydriodic  and  ar- 
senious acids.    The  bromide  of  arsenic  may  be  similarly  formed. 

Arsenic  does  not  form  any  compound  with  chloiine,  bromine,  or  iodine  analogoin 
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Neiihet  compouEd  of  arsenic  wilh  osygen  is  capable  of  acling  aa  a  base,  and 
heace  the  only  classes  of  salts  of  arsenious  or  arsenic  acids,  are  those  in  wliici 
Ihey  coDstitute  the  eleetro-negative  element. 

Arsenious  ^cid  is  dissolved  in  large  quantities  by  the  caustic  and 
carbonated  alkalies,  but  the  sahs  thus  formed  cannot  be  obtained 
crystallized,  and  appear  to  be  very  indefinite  in  constiEution.  The 
combinations  of  arsenious  acid  with  the  earths  are  white  powders, 
of  which  the  only  one  of  interest  is  arsenile  of  Lime,  H.O,  .  2Ca.O.^- 
As.Oj,  which  precipitates  when  arsenious  acid  is  mixed  with  lime- 
water,  or  arsenile  of  potash  with  a  salt  of  lime.  It  is  redissolved  by 
an  excess  of  any  acid. 

Arsenious  acid  is  decomposed  bj'  peroxide  of  iron,  an  arseniate 
of  the  protoxide  being  produced  ;  on  this  is  founded  the  efficacy  of 
the  peroxide  of  iron  as  an  antidote  lo  the  poisonous  effects  of  ar- 
senious acid  (see  p.  384). 

The  arsenile  of.  Cobalt  is  found  nati 
the  arsenile  of  J'I'ichel  exists  as  a  miner: 
contain  combined  water.  The  arseni 
described  under  the  heads  of  these  ii 
noticed  in  p.  381,  el  seq, 
-  The  constitution  of  the  salts  of  arsenic  acid  has  been  already 
mentioned  in  p.  377.  They  are  all  tribasic,  and  are  isomorphous 
with  the  corresponding  tiibasic  phosphates.  Some  of  them  are  of 
technical  and  medicinal  importance.  The  neutral  arseniate  of  pot- 
ash, H.O.  .  2K.0.-}-As.0i,  forms  a  deliquescent  saline  mass.  The 
binarseniate  of  Potash,,  2H.0.  .  K.O.+As.Oj,  is  formed  by  adding  to 
the  former  as  much  arsenic  acid  as  it  already  contained,  or  by  ig- 
iiiting  in  a  crucible  equal  weights  of  arsenious  acid  and  nitrate  of 
potash  ;  red  fumes  are  given  off,  and  on  dissolving  the  residual  mass 
in  boiling  water,  the  salt  is  obtained  in  large  crystals,  which  are 
modifications  of  the  square  octohedron. 

There  are  three  arseniales  of  Soda,  which  resemble  the  three  triba- 
sic phosphates  of  soda.  The  first,  (3Na.O.+As.Oi)4-24  Aq.,  is  ob- 
tained by  igniting  arsenic  acid  with  an  excess  of  carbonate  of  soda. 
When  3  solution  of  arsenic  acid  is  neutralized  by  carbonate  of  soda, 
the  salt  H.O. .  2Na.O.-^As.03  is  obtained,  which  may  be  had  either 
wilh  Si  Aq.  or  14  Aq.,  according  to  the  temperature  at  which  it 
crystallizes.  The  binarseniate  of  Soda,  2H.0.  .Na.O.+As.Oj,  resem- 
bles the  corresponding  salt  of  phosphoric  acid. 

The  arseniates  of  the  earths  are  white  powders,  insoluble  in  wa- 
ter, but  soluble  in  an  excess  of  any  acid. 

Arseniates  of  Iron.- That  of  the  protoxide,  H.O.  .  2Fe.-f-As,0j,  is 

a  white  powder,  which,  by  exposure  to  the  air,  gradually  becomes 
green  by  absorbing  oxygen,  thereby  approaching  to  the  constitution 
of  the  native  arseniate  of  iron,  in  which  the  iron  is  in  the  state  of 
black  man-netic  oxide.  This  salt  corresponds  to  the  blue  phosphate 
of  iron,  its  formula  being  (2Fe.O. .  H.O.  +  As.O,)  +  2FeA  •  As,0,-f- 
12  Aq. 

The  perarseniate  of  Iron  is  a  white  powder,  which,  when  heated, 
gives  off  12  Aq.  and  becomes  red  ;  it  has  the  singular  property  of 
dissolving  totally  in  water  of  ammonia. 
.  ArsmiMs  of  Nkkd  is  a  pale  green  powder.    Arseniak  of  Cobalt  is  a  Tose-red  pow- 
inir  ha  nupii  in  nianB  of  nlinsnhaf."  of  Cobalt  in  preparing  Thenard's  blua 
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(p.  ^n),    it  is  prepared  on  llie  large  scale  hj  loasliiig  tlie  native  arseniuret  of  eo- 
lialt,  CujAs. 

The  siilplittr  aalK  of  arsenic  are  some  of  the  best  eharaeteiized  among  that  class 
(p.  3T9).  There  ai«  three  auipAflorsmiofcs  of  Polaisium,  having  respectively  the  for- 
mule  (3K.S.+AS.S0,  (3K.e.+As.33),  anilfK.S.+As.Ss).  1'hey  a.w  all  deliques- 
cent, Mid  crystallize  with  waler.  It  wonld  be  very  iotereslmg  lo  find  whether  the 
seeond  and  third  saJta  contain  basic  water,  such  as  would  keep  up  tile  tribasic  ehar- 
acierof  the  first.  The  JMipiooissBiiiteo/^fiWium  resemble  those  of  potassium.  The 
basic  salt  (3Na.S.+As.S6-|-l6  Aq.)  crystallizes  in  large  eolourless  rhomboidal  ta- 
bles. When  orpinieat  is  dissolved  in  solution  of  sulphuret  of  potassium,  siiiphoarss' 
fsito  of  poluaeium  is  obtained,  K.S.+As.Sa,  which,  when  evaporated,  is  decomposed, 
and  deposites  a  brown  powder,  which  consists  of  K.As.Sj,  and  appears  to  contain  a 
bisulphuret  of  arsenic,  As.Sa,  combiried  with  K.S.,  which  is  decomposed  when  se^ 
Elated  from  tlie  slate  of  combination. 

Sails  of  Antimony. 
'  Sesquichloride  of  ^ntimo?ty. —Sh.Cl,.  Eq.  3383-5  or  27M.  To 
obtain  this  salt  completely  pure,  sulphuret  of  antimony  in  fine  pow- 
der is  to  be  naixed  with  its  own  weight  of  corrosive  sublimate,  and 
distilled  in  a  hard  glass  retort.  Tile  chloride  of  antimony  distils 
over  with  a  gentle  heat  as  an  oily  liquid,  which  gradually  solidifies 
into  a  white  crj''stalline  mass.  It  is  very  deliquescent,  and  becomes 
soft  on  exposure  to  the  air,  whence  its  old  name  of  Bviter  of  Anti- 
mony  ;  it  may  be  obtained  more  cheaply  for  surgical  use,  but  not 
quite  dry,  by  mixing  together  two  parts  of  fine  comraou  salt  and 
one  of  crocus  of  antimony  (oxysiilphuret,  see  p.  385),  and  distilling 
them  in  a  retort  with  one  part  of  strong  oil  of  vitriol.  CUoi-ide  of 
antimony  distils  over,  and  there  remains  behind  sulphate  of  soda 
mixed  with  sulphuret  of  antimony.  In  this  operation,  the  crocus 
anfimonii  being  2Sb.Sa+Sb.0j,  the  former  remains  passive  ;  but  the 
latter,  acting  on  3Na,Cl.  and  SS.Oj,  produces  Sb.Clj  and  3Na.O. .  S. 
O3.  As  there  is,  however,  some  water  supplied  by  the  oil  of  vitri- 
ol, the  product  is  not  solid.  It  is,  however,  quite  strong  enougb 
for  its  successful  application  as  a  caustic. 

When  chloride  of  antimony  is  put  in  contact  with  much  water, 
both  are  decomposed,  and  a  white  oxychloride  is  precipitated,  call- 
ed Powder  of  Algarotii,  from  the  name  of  its  discoverer.  If  the  wa- 
ter be  hot,  the  precipitate  is  distinctly  crystallized.  In  it  one  fourth, 
of  the  metal  is  combined  with  chlorine,  and  three  fourths  with  oxy- 
gen ;  it  contains  also  water,  its  formula  being,  according  to  Berze- 
lius,  Sb.Cla-|-3Sb.Oi  +  3  Aq.  The  formula  given  by  Malaguti  and 
Johnstone  is  2Sb.Cls+9Sb.Os,  and  it  is  possible  that  there  are  two 
oxychlorides,  which  may  be  produced  separately  or  mixed,  accord- 
ing to  the  circumstances  of  the  precipitation.  This  oxychloride  is 
employed  to  furnish  oxide  of  antimony  in  the  preparation  of  tartar 
emetic,  and  of  some  other  salts  of  antimony. 

The  terchloride  of  antimony  combines  with  the  chlorides  of  the 
alkaline  metals,  forming  double  salts,  consisting  of  an  equivalent.of 
each  constituent. 

Perckloride  of  Antimony,  Sb,CJ;,  is  formed  when  metallic  anti- 
mony is  burned  in  chlorine  gas.  It  is  a  heavy  liquid,  which  fumes 
in  the  air,  and  has  a  very  had  smell ;  with  a  small  quantity  of  wa- 
ter it  forms  crystals  (hydrate);  with  a  large  quantity  of  water  it 
gives  antimonic  and  muriatic  acids:  it  is  formed,  also,  by  heating 
(sulphuret  of  antimony  in  chlorine  gas. 
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The  ^omide  and  ioMde  of  Aiitinumij  axe  prepared  by  ihe  direct  combinaiion  ofliieii 
elements;  the  operation  does  not  require  external  heat;  the  former  is  colourless, 
Ihe  latter  orange-red.    They  are  botn  easily  fusible,  volatile,  and  decomposed  by 

Thfl  sulphurets  of  antimony  act  as  sulphur  acids  (p.  387,  388),  combining  with 
the  sulphureis  of  the  allcaiine  meials  to  form  double  salts,  oi  which  several  may  be 
crystallized  in  large  rhomboidal  tables,  perlfectiy  colourless.  The  basic  hyposulp/io- 
onHvumite  of  Peljiisi'mn  wiiich  remains  in  solution  afler  the  precipitation  otKermes 
by  cooling,  crystallizes  on  evaporation  in  colourless  deliquescent  plates. 

The  sesquioxide  of  antimony  combines  with  oiygen  acids  to  form  salts,  which 
possess  but  little  interest.  Metallic  antimony  decomposes  hot  oil  of  viU.'iol,  evolv- 
mgsulphurousacidga5,and£)rminglhesu^;i^ii^a/Aii^Bun(^,a  white  salt,  which  is 
decomposed  by  water. 

^ntimonial  Powder.  James's  Powder. — This  preparation,  to  which, 
at  oup  time,  the  highest  medicinal  virtues  were  attached,  is  pre- 
pared by  mixing  together  equal  parts  of  sulphuret  of  antimony  and 
hartshorn  shavings,  and  calcining  them  together  in  an  iron  pot,  at  a 
dull  red  heat,  until  the  mass  becomes  ash-gray;  this  is  to  be  then 
placed  ill  a  loosely- covered  crucible,  and  exposed  to  a  white  heat 
for  two  hours,  or  until  the  mass  becomes  quite  white ;  it  is  then  to 
be  reduced  to  a  fine  powder.  In  this  process  the  sulphur,  and  the 
carbon  and  hydrogen  of  the  hartshorn,  are  burned  away,  and  the  an- 
timony is  converted  into  antirnonious  acid,  of  which  a  small  quan- 
tity unites  with  the  lime  that  had  been  as  carbonate  in  the  bone  j 
the  rest  of  the  lime  remains  as  phosphate,  mixed  with  the  antimo- 
nite  of  lime  and  the  antimonious  acid.  Its  composition  varies  very 
much ;  it  seldom  contains  more  than  one  per  cent,  of  antimonite  of 
lime,  which  is  its  only  soluble  and  active  principle;  and  where  it 
has  been  washed,  as  is  sometimes  done,  even  this  is  removed.  It 
is  also  a  mere  mechanical  mixture  of  its  ingredients. 

Tartar  enaetic  will  be  described  under  the  head  of  tartaric  acid 
and  its  salts. 

Saiis  of  TitaniwRiy  Tellurium,  and  Uranium. 
CMaride  of  Titaniim,,  Ti.Clj,  is  best  prepared  by  Ireating  a  mixture  of  titanic  acid 
and  lampblack  by  chlorine,  as  for  the  preparation  of  chloride  of  silicon.  It  is  a  col- 
ourless liquid,  very  volatile,  fuming  in  the  air,  resembling  closely  bichloride  of  tin ; 
It  combines  with  water  so  violently  as  lo  produce  explosion,  and  is  decomposed  by 
a  lai^  quantity. 
There  are  no  oiygen  salts  of  litaniom  of  any  interest. 

Biddoiide  of  TWimum,  Te.Clj,  is  produced  by  healing  tellurium  in  a  current  of 
dry  chlorine;  a  thick  liquid  is  produced,  at  first  dark  red,  bi^t  becoming  yellow  as  it 
cools,  and  at  last  solidi^ing  into  a  snow-white  crystalline  mass.  This  salt  is  de- 
composed by  water  into  lellurous  and  muriatic  acids,  and  combines  with  the  alka- 
line chlorides  to  form  doable  sails.  The  prolacMoride  is  prepared  by  melting  togeth- 
er equal  weights  of  the  bichloride  and  of  tellurium,  and  distilling;  it  condenses  as 
a  deep  yellow  liquid,  which  solidifies,  but  does  not  appear  ciystailine.  It  forms 
double  salts. 

The  tellurous  acid  appears  to  possess  feeble  basic  properties,  as  it  unites  with  the 
strong  acids  to  form  compounds  which  are  not  important.  The  relations  of  tellu- 
xous  and  telluric  acids  lo  bases  have  been  already  noticed  at  sufiicient  length  (p.  389). 
The  cMarides  of  Vrimiam,  U.Cl.  and  UaCls,  give  yellowish  green  solutions,  bnt 
do  not  crystallize.  With  the  alkaline  chlorides  they  unite,  forming  crystallizable 
donble  salts. 
PTci/i^ulphaie  of  Dnumnn  crystallizes  iii  green  prisms. 

Sesqteisulp/uile  of  tTTJUBUm,  UaOa-l-38.0a,  is  not  itself  crystallizable,  bnt  combines 
"vith  sulphate  of  potash  in  several  proportions  to  form  double  salts  of  very  complex 
Mnstilution. 

The  Sesguitih-aie  of  Uramkim,  UaOa+SN.Os,  crvstallizes  in  large  tabular  crystals 
*f  a  bright  yellow  colour.    This  salt  is  remarkable  as  the  most  definite  niwaie  of  a 
tcsquioxide  that  is  known  to  chemists. 
All  these  salts  arc  prepared  by  dissolving  the  oiides  of  uranium  in  the  dilute  acids. 
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Sails  of  Copper. 

Oopper  forms  two  series  of  salts,  one  corresponding  to  the  sub- 
oxide, and  the  oElier  to  the  black  oxide.  The  former  are  generally 
white,  and  the  latter  blue  or  green. 

CMoride  of  Copper,  Cu.CI,,  is  produced  by  dissolving  copper  in 
aqua  regia,  or  oxide  of  copper  in  mmiatic  acid.  Its  solution  is  green, 
and  it  gii'es,  on  evaporation,  the  hydrated  salt  in  long,  slender  green 
prisms,  Cu.Cl.-l-2  Aq.,  which  are  slightly  deliquescent,  and  are  solu- 
ble in  alcohol.  When  heated  they  give  off  water,  and  the  dry  chlo- 
ride remains  as  a  brown  powder,  which  recoinbines  with  water,  with 
the  evolution  of  much  heat.  Strongly  healed,  it  fuses,  gives  off  half 
its  chlorine,  and  the  suhchloriik  remains,  melted  into  a  brown  resin- 
ous-looking mass,  whence  its  name  of  resina  cupri.  By  the  action 
of  an  alkait  on  a  solution  of  chloride  of  copper,  an  oxychloride  may 
be  formed,  which  precipitates  as  a  fine  green  powder,  having  the 
formula  Cu.Cl.  +  3Cu.0.-|-Aq.,  and  which  is  used  as  a  pigment  by 
the  name  of  Brunswick  Green.  There  exist  two  other  oxychloridea 
of  copper,  which  have  the  formula  Cu.Cl.  +  2Cu.O.  +  3  Aq.,  and  Co. 
C1.4-4CU.0.4-6H.O.,  prepared  by  the  decomposition  of  the  aramo- 
niacal  chlorides  of  copper. 

The  Subchloride  of  Copper,  CujCI.,  may  be  prepared  either  by  heat- 
ing the  chloride  as  above,  or  by  digesting  the  clippings  of  thin  cop- 
per in  a  strong  solution  of  chloride  of  copper,  to  which  some  muri- 
ntie  acid  had  been  added.  The  hquor  gradually  acquires  an  olive 
colour,  and  the  subchloride  is  deposited  iii  the  form  of  a  white  pow- 
der. In  this  case  the  Cu.CI.  combines  with  a  second  equivalent  of 
copper,  forming  CujCl,  It  also  precipitates  when  chloride  of  copper 
is  acted  on  by  protochloride  of  tin,  2Cu.CI.  and  Sn.Cl.  producing 
CujCl,  and  Sn.Cia.  This  subchloride  is  insoluble  in  water;  it  dis- 
solves in  muriatic  acid,  which  lets  it  fall  by  dilution  with  water.  It 
absorbs  oxygen  rapidly  from  the  air,  and  becomes  green.  It  forms 
with  water  of  ammonia  a  colourless  solution,  which  rapidly  becomes 
bine  on  exposure  to  the  air. 

Both  chlorides  of  copper  combine  with  the  chlorides  of  the  alka 
line  metals  to  form  doable  salts. 

The  BTomde  and  SiMroimde  of  Copper,  Cu.Br.  and  CvteBr.,  resemble  in  every  re- 
spect the  chlorides  jnst  described. 

The  Jodirfeo/awisf.Ca.I.idoesnot  appear  to  esist  except  in  combination.  If  so- 
lotions  of  iodide  of  HOtassiuvn  and  chlorideof  copper  be  mixed,  the  sabiodide  is  pre- 
cipitated, while  half  the  iodine  is  set  ftee,  SCa.Cl  and  2K.I.  producing  3K.CI.  and 
CujI.,  with  tree  I.  Butif  an  excess  of  iodide  of  potassium  be  added,  these  elements 
recombjne,  and  a  double  salt,  Cu.l.^-K.L,  may  be  obtained.  The  preparaUon  of 
(he  sabiodide  of  copper  just  given  involves  the  loss  of  an  atom  of  iodine,  which  ia 
avoided  by  previously  mixini;  theliquor  with  an  excess  of  solution  of  protesulphate 
of  iron,  by  which  the  copper  salt  is  reduced  to  the  stale  of  suboxide,  and  all  the  io- 
dine then  precipitated  as  subiodide.  Thus  made,  it  is  a  pale  yellow  powder,  nnal- 
lered  by  the  air. 

Sulphate  of  Copper.— Cu.O. .  S.O3 .  H.O.  -i- 4  Aq.  Eq.  996-9  +  562-5 
or  79-9+45.  For  the  purposes  of  the  arts,  in  which  this  salt  is  ex- 
tensively employed,  it  is  prepared  by  treating  the  native  sulphuret 
of  copper  ia  the  manner  described  under  the  head  of  the  sulphates 
of  iron  and  zinc.  It  may  also  be  obtained  by  boiling  oil  of  vitriol 
on  metallic  copper,  when  sulphurous  acid  gas  is  given  off,  or  by 
acting  on  the  metal  with  dihite  sulphuric  acid,  to  which  some  nitric 
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acid  hod  been  added.  It  crystailizes  iti  large  doubly- oblique 
rhombs,  of  a  line  blue  colour,  whence  its  name,  Blue  Vitriol.  In  the 
ure,  the  primary  rhomb  and  the  most  usual 
solidary  form  are  given,  i,  m,  v  marking  the 
'  primary  planes  in  each.  These  crystals  dis- 
solve in  four  parts  of  cold  and  two  of  boiling 
water.  Of  the  five  atoms  of  water  which  it 
contains,  one  is  constitutional,  and  may  he  re- 
placed by  the  alkaline  sulphates,  to  form  a 
class  of  double  salt's  of  great  beauty.  By  the 
action  of  a  small  quantity  of  ammonia,  a  basic 
siilphale  is  obtained,  of  which  the  formula  is  Cu.  0. .  S.O,  +  3Cu.O.  -f- 
4  Aq.  i  and  another,  containing  Cu.O. .  S.Oj4-7Cu.O.+12Aq.,  is  oc- 
casionally observed  to  form. 

JVilrate  of  Copper.— Ca.O.  .1^.0^+ 3  Aq.  This  salt  is  obtained 
when  copper  is  dissolved  in  dilute  nitric  acid ;  it  crystallizes  in  ob- 
lique rhombs  of  a  rich  blue  colour,  and  sometimes  in  paler  rhom- 
boidal  plates,  which  contain  6  Aq.  This  salt  deflagrates  violently 
when  thrown  on  burning  coals,  or  when  struck  on  an  anvil  with  a 
little  phosphorus.  If  some  of  it  be  wrapped  up  tight  in  tin  foil,  it 
becomes  very  hot,  swells  up,  fumes,  and  oxidizes  the  tin  so  rapidly, 
that  in  some  points  brilliant  sparks  are  thrown  out.  When  heated 
ftbove  200',  it  loses  acid,  and  a  basic  nitrate  i        '  '  '  ' 


a  be  formed  by  adding  a  small  quantity  of 
of  the  neutral  salt.     The  formula  of  the  basic  salt  is  H.O. .  W.Os+ 
3Cu.O. 

Phosphate  of  Copper,  H.O. .  2Cii.O.  +  P.0„  and  the  itrsenia/e  of  Cop- 
per, H.O. .  2Cu.0.+-As.0;,  are  pale  green  powders,  obtained  by  dou- 
ble decomposition. 

^rsenite  of  Copper,  H.O. .  2C11.O4-As.Oa,  is  obtained  by  the  de- 
composition of  arsenite  of  potash  and  sulphate  of  copper  :  it  is  a 
fine  apple-green  powder,  the  importance  of  which,  as  a  test  for  ar- 
senic, has  been  already  discussed  (p.  381).  It  is  employed  in  the 
arts,  under  the  name  of  Scheele's  Green,  as  a  pigment,  and  is  prepared 
on  the  large  scale  by  dissolving  two  pounds  of  pure  sulphate  of  cop- 
per in  twelve  quarts  of  water,  previously  heated  in  a  copper  pan. 
In  another  pan  two  pounds  of  pure  calcined  pearJash  are  dissolved, 
with  eleven  ounces  of  arsenious  acid,  in  four  quarts  of  pure  water. 
Both  liquors  are  strained  through  linen,  and  then  the  arsenical  so- 
lution is  gradually  added  to  the  solution  of  copper.  The  precipi- 
tate is  collected  on  a  cloth  and  carefully  dried.  The  produce 
should  be  1  lb,  6^  oz.  A  still  more  beautiful  pigment,  which  may 
be  best  described  here,  is  prepared  under  the  name  of  Schweinfurt 
Green,  or  Emerald  Green  ;  it  is  a  compound  of  acetate  of  copper  and 
arsenite  of  copper,  Cu.O. .  A-f-3(H.O. .  2Cu.O. -(-As.Oa).  It  is  pre- 
pared by  mixing  up  ten  parts  of  pure  verdigris  with  as  much  hot 
water  as  will  make  it  into  a  thin  puip,  and  straining  it  through  a 
sieve  to  separate  the  impurities :  nine  or  ten  parts  of  arsenious  acid 
are  to  be  then  dissolved  in  100  parts  of  boiling  water,  and  while 
boilinfr,  the  verdigris  pulp  is  to  be  gradually  added  thereto,  con- 
tinually stirring.  At  first  a  mere  arsenite  of  copper  falls,  and  all 
'      "n  the  liquor.;  it  being  only  after  much  agi- 
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tatioQ  that  the  double  salt  is  producud,  which  is  known  by  the  light 
flocculent  precipitate  changing  into  a  heavy  granular  powder  of  a 
brilliant  green  colour. 

The  salts  of  the  suboxide  of  copper  with  the  o-xygeii  acids  poa 
sess  no  practical  interest. 

Sails  of  Lead. 

C/iloride  of  Lead,  Pb.Cl.,  may  be  produced  by  boiling  lead  in 
strong  muriatic  acid,  or  by  acting  on  oxide  of  lead  with  the  same 
acid  ;  but  more  simply  by  adding  to  any  soluble  salt  of  lead  a  so- 
lution of  chloride  of  sodium:  A  curdy  white  precipitate  falls,  which 
dissolves  in  boiling  water,  and,  on  cooling,  crystallizes  in  opaque 
plates  of  a  pearly  lustre,  which  do  not  contain  water.  This  salt 
requires  135  parts  of  cold  water  to  dissolve  it,  but  is  much  more 
soluble  in  boiling  water.  It  is  easily  fused,  and,  on  cooling,  forms 
a  semi- transparent  mass  like  horn,  whence  the  old  name,  plumbum 
comeum.  By  the  action  of  ammonia  on  chloride  of  lead,  several 
oxychlorides  may  be  formed,  of  which  none  are  now  of  interest. 

Bromide.of  Lead  resembles  perfectly  the  chloride. 

Iodide  of  Lead,  Pb.I.,  is  formed  by  adding  iodide  of  potassium  to 
a  solution  of  nitrate  of  lead  ;  a  bright  lemon-yellow  precipitate  falls, 
which  requires  1235  parts  of  cold,  and  but  194>  of  boiling  water  to 
dissolve  it.  The  solution  is  colourless,  and,  on  cooling,  deposites 
the  iodide  of  lead  in  splendid  gold-coloured  six-sided  plates,  which 
maintain  their  metiillic  lustre  perfectly  in  drying.  The  iodide  of 
lead  forms  double  salts  with  the  alkaline  iodides,  and  gives,  with 
ammonia,  oxyiodides  when  the  alkali  is  not  in  excess. 

Stilpkale  oj  Lead. — Pb.O. .  S.O3.  This  salt  is  found  in  the  mineral 
kingdom  in  large  transparent  rhombs,  isomorphous  with  sulphate 
of  barytes,  and  of  which  the  octohedron  i,  y,  in  the  figure,  is  the 
primary  form.  It  may  be  also  formed  by  adding 
any  solution  containing  lead  sulphuric  acid  or  a  s 
phate.  It  falls  down  as  a  white  powder,  which,  from  . 
its  insolubility,  famishes  a  good  test  for  lead.  When 
strongly  ignited,  it  melts  without  decomposition,  but 
with  charcoal  it  is  reduced  to  sulphuret  of  lead.  The  sulphate  of 
lead  is  soluble  in  strong  ucids;  and  hence  the  oil  of  vitriol,  manu- 
factured in  leaden  chambers,  generally  contains  a  small  quantity  of 
it  dissolved,  which  is  precipitated  on  the  addition  of  water. 

Mlrate  of  Lead,  Pb.O.  .N.Oj,  is  obtained  by  dissolving  lead  in  di- 
lute nitric  acid,  and  evaporating.  It  crystallizes  in  regular  octohe- 
drons,  often  modified,  which  are  generally  opaque  ;  it  is  soluble  in 
seven  and  a  half  parts  of  cold,  and  much  less  of  boiling  water,  II 
is  not  soluble  in  nitric  acid.  When  heated,  it  gives  out  a  mixture 
of  oxygen  and  nitrous  acid  gases  (p.  276),  and  leaves  melted  pro- 
toxide of  leadi  By  the  action  of  ammonia,  a  series  of  basic  salts  are 
obtained,  which  contain  two,  three,  and  six  atoms  of  oxide  of  lead 
united  to  one  of  nitric  acid. 

When  a  solution  of  nitrate  of  lead  is  boiled  on  finely-divided 
metallic  lead,  this  dissolves,  and  on  cooling,  brilliant  yellow  plates 
arc  deposited,  which  are  basic  nitrite  of  Lead,  SPb.O.+N.O..  By 
adding  sulphuric  acid  to  a  solution  of  this  salt,  a  neutral  nitrite  is 
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obiained,  Pb.O,  .  K.O,-tH.O.,  which  crystallizea  in  yellow  octohe- 
drons.  If  an  excess  of  Jead  be  used  in  the  preparation  of  the  ni- 
trite, the  acid  is  still  farther  deoxidized,  and  a  hyyonitriu  of  Lead, 
3Pb.O.-|-N.O,-l-3  Aq.,  is  produced,  whicli  crystalJizes  in  rose-red 
scales.  These  salts  are  of  interesi,  as  it  was  doubted  whether  the 
nitrous  acid  (N.O,)  could  combine  with,bases,  and  it  js  only  in 
these  cases  that  we  have  obtained  positive  evidence  of  its  doing  so, 
which  we  owe  to  Peligot. 

Phosphate  of  Lead,  H  0. .  2Pb.O.  +  P.O  ,  is  formed  by  the  action 
of  common  tribasic  phosphate  of  soda  on  a  solution  of  nitrate  of 
lead  i  ,t  is  a  white  powder,  which  is  changed  by  ammonia  into  3Pb. 
O.+P.Os. 

Siiicale  of  Lead  has  been  noticed  in  relation  to  crystal  and  to  flint 
glass. 

Ckromate  of  Z-md— Pb.O.  .  Cr.O;,.— C/woms  Yellow  is  formed  by 
miiing  together  solutions  of  nitrate  of  lead  and  bichromate  of  pot- 
ash. It  precipitates  as  a  fine  lemon-yellow  powder,  insoluble  in 
water.  It  occurs  native  in  ruby-red  crystals,  constituting  the  red 
lead  ore.  This  salt  is  manufactured  largely  for  a  pigment,  which  is 
found  of  various  shades  of  yellow  and  orange  in  the  market,  being; 
mixtures  of  the  true  neutral  chromate,  prepared  as  above,  with  the 
6asi*c  ckromate  of  Lead,  2Pb.O.  +  Cr.O;,,  which  is  of  a  bright  vermilion 
colour,  and  ia  termed  Chrovie  Red,  This  may  be  prepared  by  adding 
potash  to  a  solution  of  chromate  of  potasli  until  this  reacts  strongly 
alkaline,  and  then  mixing  it  with  nitrate  of  lead,  or  by  digesting 
the  neutral  chromate  of  lead  in  a  warm  solution  of  potash,  which 
removes  half  the  acid.  These  give  products,  however,  inferior  in 
bcilliaiicy  of  tint  to  the  following.  Saltpetre  is  to  be  melted  in  a 
crucible  at  a  dull  red  heat,  and  chrome  yellow  gradually  added  tbei^e- 
to,  as  long  as  effervesceuce,  with  escape  of  red  fumes,  occurs.  The 
potash  abandons  the  nitric  acid  and  takes  half  the  chromic  acid,  and 
basic  chromate  of  lead  is  formed.  The  mass  becomes  black,  and  is 
then  to  be  allowed  to  settle,  and  the  melted  salt  poured  off  from  the 
heavy  powder  at  the  bottom  ;  this,  when  cold,  becomes  of  a  splendid 
vermilion  red,  and  is  to  be  taken  out  and  washed  with  the  smallest 
possible  quantity  of  water.     . 

Salts  of  Bismuth. 

Chloride  of  Bismuth,  Bi;C3j,  is  formed  by  dissolving  bismuth  in 
hot  strong  muriatic  acid ;  by  evaporation  it  forms  a  crystaliine  mass 
which  is  very  deliquescent,  volatile,  and  fusible.  By  water  it  is 
decomposed,  giving  the  oxychloride  of  bismuth,  a  white  powder, 
having  the  composition  BijCla+SBijOa  +  SH.O.  In  the  arts  this  pow- 
der is  sometimes  employed  under  the  name  of  Spanish  White  or  Pearl 
White. 

The  chloride  of  bismuth  combines  with  the  chlorides  of  the  alka 
line  metals,  forming  double  salts,  in  which  the  chlorine  combined 
with  the  bismuth  is  to  that  combined  with  the  other  meta!  as  three 
to  two.  In  the  double  salts  formed  by  protocblorides,  this  relation 
is  never  observed,  and  hence  it  furnishes  additional  proof  that  the 
chloride  of  bismuth  is  a  sesquichloride,  on  which  idea  the  formula 
■^ccome  aK.Cl,+Bi,Cl,+2Aq,  and  2Na.C!,+Bi,Cl3+3  Aq. 
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Sulphate  of  Bismuth,  Bi^O^  +  aS-Oj,  is  formed  by  dissolving  bis- 
muth in  hot  sulphuric  acid.  It  forms  a  deliquescent  mass  of  acicu- 
lar  crystals,  which  are  decomposed  by  water,  giving  a  white  pow- 
der, the  basic  sulphate  of  BimvtA,  Bi.Oa+S.Oj. 

The  Mtrate  of  Bismuth,  BiA+3N.O,-h9  Aq.,  is  formed  by  dis- 
'solving  the  meta!  in  dilute  nitric  acid  ;  by  evaporation  and  cooling 
rhomboidal  crystals  are  obtained,  which  easily  deliquesce;  when 
lieated,  they  lose  water  and  nitric  acid,  and  form  a  basic  salt,  and 
finally  oxide  of  bismuth  remains  behind.  Like  the  other  salts  of 
bismuth,  this  is  decomposed  by  water,  and  may  produce  one  or  other 
of  two  basic  salts,  according  to  circunnstances.  When  the  crystals, 
without  any  e.icesa  of  acid,  are  decoiriposed  by  water,  the  precipi- 
tate has  tbe  composition  iBiA+SN.Oi+gH.O. ;  while,  if  an  acid 
liquor  be  decomposed  by  water,  the  precipitate  has  tbe  formula  Bi. 
Oj  +  N-Oj.  Both  of  these  salts  yield  very  nearly  the  same  quantity 
of  oxide  of  bismuth  on  analysis,  and  were  hence  long  confounded 
together.  Many  reasons  for  considering  the  oxide  of  bismuth  to  be 
a  sesquioside  have  been  given  (p.  398).  These  subnitrates  of  bis- 
muth are  used  indiscriminately  in  medicine,  but  the  latter  form  is 
more  generally  found  in  the  shops.  Tbe  names  Pearl  White,  Sec, 
are  also  applied  to  these  bodies. 

Soils  of  Silver. 

Chloride  of  Silver— Ag.C]. ;  Eq.  1794-3  or  143-8— exists  nalive  as 
an  ore  of  silver,  Itoitt  silver,  and  may  be  formed  by  mixing  a  solu- 
tion of  common  salt  with  a  soluble  salt  of  silver.  It  forms  a  curdy 
white  precipitate,  perfectly  insoluble  in  water  and  in  acids,  but  easi- 
ly soluble  in  water  of  ammonia.  When  heated,  it  fuses  below  red- 
ness, and  on  cooling,  conceals  into  a  semi  transparent  mass  of  a 
horny  aspect,  whence  its  old  name.  When  freshly  precipitated,  it 
is  exceedingly  sensible  to  the  action  of  light,  becoming  pink,  violet, 
and  ultimately  black  by  exposure  to  the  sun's  rays ;  but  for  this  re- 
action, it  is  necessary  that  organic  matter  or  water  should  be  pres- 
ent, with  the  hydrogen  of  which  the  chlorine  may  combine,  and  that 
thus  a  thin  layer  of  subchloride  or  of  metal  may  be  produced.  The 
rglatiotiB  of  chloride  of  silver  to  Iight_are_p_f  the  i!igh_eat  impp; tftnce 
in_£hotograpiryi,ajg3"in^,fixam|tjing  the  structure  of^he  solajiays^jia, 
noticed  m  p.  173,  et  seq.  The  processes  for  the  reduction  of  chlo- 
ridtrOT~silver  to  the  metallic  state  have  been  described  in  p.  399, 
400.  ■         _  ^ 

Iodide  of  Silver,  Ag.I.,  is  obtained  by  decomposing  a  soluble  salt 
of  silver  by  iodide  of  potassium  ;  a  primrose-yellow  precipitate 
falls,  which  is  insoluble  in  water  and  in  ammonia  ;  at  least  it  requires 
2500  parts  of  strong  water  of  ammonia  to  dissolve  one  of  iodide  of 
silver.  It  is  easily  fusible,  and  becomes  opaqne  on  cooling.  In 
certain  forms  it  is  still  more  sensible  to  light  than  the  chloride,  and 
is  hence  the  basis  of  the  impression  in  the  photographic  process  of 
Daguerre  (see  p.  175).  It  is  reduced  to  the  metallic  state  by  the 
same  means  as  the  chloride. 

Bromide  of  Silver,  AgBr.,  resembles  tbe  chloride  in  every  par- 
ticular respect. 

Sulphate  of  Silver,  Ag.O. .  S.Oj,  is  formed  by  boiling  metallic  sil 
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ver  in  oil  of  vitriol ;  sulphurous  gas  is  given  olT,  and  a  white  saline 
mass  formed,  which,  when  more  strongly  healed,  is  totally  decom- 
.  posed,  leaving  metallic  silver.  This  salt  dissolves  in  eighty-eight 
parts  of  boiling  water,  and  crystallizes,  on  cooling-,  in  sinnli  needles. 
Hyposulphite  of  Silver. — 2Ag.O. +  SjOj.  The  relations  of  hypo 
sulphurous  acid  to  oxide  of  silver  are  very  curious.  On  adding  a 
neutral  solution  of  nitrate  of  silver  to  a  solution  of  hyposulphite  of 
soda,  a  white  precipitate  appears,  which  at  first  redissolves,  but 
subsequently  becomes  permanent.  It  soon  ioses  its  pure  colour, 
especially  if  healed,  and  at  last  becomes  black  from  sulphuret  of 
silver,  while  the  liquor  contains  sulphate  of  silver ;  thus  2Ag.0.-f- 
SA  produce  Ag.S.  and  Ag.O.  .  S.O3.  The  solution  of  this  salt  is 
extrem«ly  sweet.  So  great  is  the  affinity  of  hyposulphurous  acid 
to  oxide  of  silver,  that  a  solution  of  it  dissolves  chloride  of  silver, 
forming  an  intensely  sweet  liquor  j  and  the  solutions  of  the  alkaline 
and  earthy  hyposulphites  dissolve  all  the  salts  of  silver  insoluble  in 
water,  except  the  arseiiiate  and  the  iodide,  and  form  double  salts 
of  exceedingly  sweet  taste.  The  double  hyposulphites  contain 
g^enerally  one  equivalent  of  hyposulphite  of  silver  to  two  of  the 
other  salt,  but  our  knowledge  of  these  salts  is  not,  as  yet,  hy  nny 
means  complete. 

Mtrme  of  Silver.~Ag.O. .  N-O^.  Eq.  2128-5  or  170-57.  This  is 
the  most  important  salt  of  silver  ;  it  is  manufactured  on  a  very  large 
scale  in  the  Apothecaries'  Hall  of  Ireland  for  medicinal  use. 

It  is  prepared  by  dissolving  g^ranulated  silver  in  dilute  nitric  acid, 
which  at  first  occurs  without  the  disengagement  of  any  gas,  as  the 
nitric  aciil  dissolves  the  nitric  oxide  formed,  but  towards  the  end 
copious  red  fumes  are  evolved.  By  evaporation  and  cooling,  the 
salt  is  obtained  in  colourless  rhomboidal  plates,  as  in  the  figure, 
often  four  inches  across,  which  are  anhy- 
drous. It  is  soluble  in  its  own  weight  of 
cold  water.  When  heated  to  about  430% 
it  melts  into  a  colourless  liquid,  which  is 
poured  into  cylindrical  silver  moulds,  and 
congealing,  forms  the  sticks  of  lunar  caus- 
tic used  in  surgery.  This  fused  salt  should 
be  snow-white  ;  it  is  not  afiected  by  light  unless  organic  matter  he 
present,  as  has  been  fully  shown  by  Scanlan  ;  but  with  organic  mat- 
ter it  soon  becomes  quite  black,  silver  being  reduced.  It  Is  hence 
used  as  marking  ink,  and  for  staining  hair  black.  When  strongly 
heated,  nitrate  of  silver  is  totally  decomposed.  It  yields  its  oxy- 
gen readily  to  combustible  bodies  ;  thus,  if  a  few  grains  of  it  be  laid 
on  an  anvil  with  a  little  bit  of  phosphorus,  and  struck  with  a  ham- 
mer, it  explodes  violently.  Its  solution  is  reduced  to  the  metallic 
state  by  all  deoxidating  agents. 

Hyponitrite  of  Silver,  Ag.O. .  N.Oa,  is  obtained  in  granular  crys- 
tals by  adding  the  soda  salt  prepared  by  melting  nitrate  of  soda  ^p. 
428)  to  a  boiling  solution  of  nitrate  of  silver,  and  filtering  while 
very  hot. 

Tribasic  P/iosphale  of  Silver,  3Ag.0.-|-P.0„,  is  the  canarj'-yellow 
precipitate,  produced  hy  adding  a  tribasic  pho'tphate  of  sooa  to  a 
solution  of  nitrate  of  silver.     Its  relations  to  the  other  phosphates 
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^rseniale  of  Silver,  SAg'.O.+As.Oj,  is  precipitated  as  a  reddish- 
brown  powder  on  adding;  any  solution  of  an  arseniate  to  a  solution 
of  nitrate  of  silver.  Its  formation  is  one  of  the  most  characteristic 
properties  of  arsenic  acid. 

^rsmiie  of  Silver,  H.O.  .  SiAg.O.  -f- As.Oj,  is  produced,  as  has  been 
noted  in  p.  401,  by  adding  a  solution  of  arsenious  acid  to  the  am- 
moniacal  nitrate  of  silver,  or  of  arsenite  of  potash  to  nitrate  of  sil- 
ver. It  is  a  canary-yellow  powder,  soluble  in  ammonia  and  in  ni- 
tric acid.  When  heated,  it  tirst  yields  water  and  becomes  brown; 
then  it  gives  oxygen,  arsenious  acid,  and  leaves  metallic  silver. 

Salis  of  Mercury. 
■  Chloride  of  Mercury.  Convsive  Sublimate— }lg.Cl. ;  Eq.  1708-5  or 
136'9— may  be  prepared  by  dissolving  red  oxide  of  mercury  in  mu- 
riatic acid,  and  evaporating.  It  crystallizes  in  long  right-rhombic 
prisms,  generally  opaque.  It  may  also  be  very  economically  pre- 
pared by  dissolving  the  basic  sulphate  (turpeth  mineral)  in  strong 
muriatic  acid,  and  crystallizing  ;  the  sulphate  of  mercury  remains  in 
the  mother  liquor,  and  may  be  again  converted  into  basic  sulpbate 
by  tbe  action  of  water.  The  corrosive  sublimate  is,  however,  gen- 
erally prepared,  for  pharmaceutic  purposes,  by  the  dry  way,  as  fol- 
lows:  sulphate  of  mercury,  Hg.O,  .  S.Oj,  is  to  be  well  mixed  with, 
its  own  weight  of  common  salt,  Na.Cl.,  and  the  mixture  introduced 
into  a  wide-necked  glass  retort,  or,  on  the  large  scale,  into  a  stone- 
ware pot,  to  which  a  globular  glass  head  is  attached.  The  retort 
or  pot,  being  bedded  in  sand,  is  gradually  heated  to  redness;  decom- 
position occurs,  the  chlorine  of  the  common  salt  combining  with  the 
mercury,  while  the  sodium  takes  the  oxygen  and  acid  ;  we  have 
therefore  formed  Hg.Cl.,  which  sublimes  info  the  head,  forming  a 
mass  of  prismatic  crystals,  which,  being  partly  fused  by  the  heat,  co- 
here strongly  together,  and  sulphate  of  soda,  which  remains  behind  \ 
Hg.O.  .  S.O3  and  Nq-CI.  giving  Hg.Cl.  and  Ka.O.  .  S.Oj. 

The  sublimed  chloride  of  mercury  crystallizes  in  a  right-rhombio 
prism,  as  represented  in  the  figure.  Its  specific  gravity  is  5'4 ;  it 
melts  at  SOS'',  and  boils  at  563''.  The  specific  gravity 
of  its  vapour  is  9420.  It  dissolves  in  two  parts  of 
boiling  and  in  twenty  of  cold  water  ;  the  hot  solution 
crystallizes,  on  cooling,  in  prisms  of  a  different  form 
from  that  of  the  sublimed  salt ;  it  is  therefore  dimorph- 
ous; it  is  soluble  in  2^  parts  of  cold  alcohol,  and  in 
three  parts  of  cold  ether;  it  dissolves  much  more 
readily  in  muriatic  acid  and  in  solutions  of  the  alka- 
line chlorides  than  in  pure  water,  as  it  forms  with  the; 
tlouble  salts,  which  are  very  soluble  ;  of  these,  the  double  c 
of  mercury  and  ammoniara,  ml  alembrot/i,  is  employed  in  pharmacy. 
It  will  be  specially  described  hereafter.  A  solution  of  corrosive 
sublimate  yields  all  the  reactions  of  a  salt  of  the  red  oxide  of  mer- 
cury, described  in  p.  403.  When  a  small  quantity  of  potash  is  ad- 
ded to  a  solution  of  sublimate,  a  brown  precipitate  falls,  which  by 
■boiling  becomes  black  and  crystalline  j  the  same  substance  may  be 
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formed  by  boiling  red  oxide  of  mercury  in  a  solution  of  sublimate  ; 
it  is  an  oxijc&loride  of  mercury,  whose  formula  is  Hg.CiH-3Hg.O. 

If  a  solution  of  sublimate  be  treated  by  a  small  quantity  of  sulphu- 
ret  of  hydrogen,  a  precipitate  forms,  at  first  brownish,  but  which  ul- 
timately becomes  quite  white,  provided  there  be  sublimate  in  excess; 
it  is  a  cMoro3ulphuret,  of  which  the  formula  is  Hg.Cl.+2Hg.S. 

SubchloHde  of  Mercury.  Calomel. ~-'agJS[.  Eq.  2a74-3  or  238-3 
This  important  medicinal  agent  may  be  prepared  either  by  precipi- 
tation or  by  sublimation.  For  the  former  object,  nine  parts  of  mer- 
cury are  to  be  digested  in  eight  parts  of  nitric  acid,  sp,  gr.  1-25, 
without  heat,  until  no  more  mercury  appears  to  dissolve,  and  the 
liquor  begins  to  assume  a  yellow  colour;  eight  parts  of  common 
salt  are  next  to  be  dissolved  in  250  parts  of  boiling  water,  to  which 
a  little  muriatic  acid  may  be  added:  these  solutions  being  mixed, 
the  calomel  immediately  precipitates,  and  thus  prepared,  it  is  abso- 
lutely pure.  The  mercury  dissolving  in  the  nitric  acid,  forms  nitrate 
of  the  suboxide,  and  by  the  chloride  of  sodium,  nitrate  of  soda  and 
siibchloride  of  mercury  are  formed  ;  HgiO. .  N.O;  and  Wa.CI.  giving 
Hg,Cl.  and  Na.O.  .  N.O^. 

To  obtain  calomel  by  sublimation,  four  parts  of  corrosive  subli- 
mate may  be  rubbed  up  with  three  parts  of  mercury,  so  intimately 
that  no  trace  of  metal  shall  be  visible  ;  and  the  mixture  being  intro- 
duced into  an  earthen  pot  to  which  a  glass  head  is  fitted,  heat  is 
to  be  gradually  applied  until  the  materials  have  all  sublimed.  In 
this  operation,  Hg.Cl.  combining  directly  with  Hg.,  gives  Hg,CI. 
The  union  is  never  perfected  by  the  first  sublimation,  and  the  prod- 
uct is  to  be  again  powdered,  well  mixed,  and  again  sublimed.  The 
process  followed  by  the  British  pharmacopceias  is  different,  and  is 
best  carried  on  in  the  following  proportions:  Thirty-one  parts  of 
dry  sulphate  of  the  red  oxide  of  mercury  (persu!phate)aretobe  in- 
timately mixed  with  twenty  and  one  third  parts  of  metallic  mercury 
and  twenty  parts  of  fused  common  salt,  and  the  whole  rubbed  to- 
gether until  the  mercurial  globules  totally  disappear.  This  method 
is  the  same  as  the  former  in  principle,  except  that  the  corrosive 
subliuiate  is  generated  only  when  required  to  combine  with  the  ad- 
ditional quantity  of  mercury  to  form  calomel.  The  sublimation  is 
carried  on  as  described  above.  The  sublimed  mass  is  always  con- 
taminated with  some  undecomposed  sublimate.     Hence  it  must  be 
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corrosive  sublimate  be  present.  By  boiling  with  mariatic  acid,  or 
with  solution  of  common  salt  or  sal  ammoniac,  calomel  is  gradually 
decomposed  into  sublimate,  which  dissolves,  and  metallic  mercury, 
which  remains  behind, 

'/lie  Brirmide  anrl  Subbromide  ef  Msrasry,  Hg.Br.  and  HgiiBr.,  may  be  prepared, 
Ehe  first  by  acting  directly  on  mercury  witn  bromine,  when  a  colourless  soluiion  is 
obtained,  which  gives  prismatic  crystals  by  evuparation ;  ihe  second,  by  decompo- 
sing nitrate  of  ;he  suboxide  by  bromide  of  potassium.  These  bodies  resemble  com- 
pletely sutliinale  and  calomel  in  their  properlies. 

Iodide  of  Mercury.  Red  Iodide— Ug.l ;  Eq.  2S4.5-0  or  228-0—may 
be  formed  by  the  direct  combination  of  its  elements,  even  witiiout 
heat,  hy  trituration  together  with  a  few  drops  of  alcohol,  it  is  then 
dark  red,  but  may  be  obtained  of  a  brilliant  red  colour  by  precipi- 
tating a  solution  of  corrosive  sublimate  with  nn  equivalent  of  iodidu 
of  potassium.  An  excess  of  the  latter  redissolves  the  precipitate, 
as  it  forma  a  double  salt  {K.I.+Hg.l.),  soluble  in  water,  and  crystal 
lizable  in  octohedrons.  The  iodide  of  mercury  is  insoluble  in  wa- 
ter; when  heated,  it  fuses  and  sublimes,  condensing  in  a  crystalline 
mass,  formed  of  rhomboidal  plates,  which,  when  broken  or  scratch- 
ed, gradually  become  red,  breaking  up  into  a  number  of  minute 
crystals  of  a  different  form.  It  is  somewhat  soluble  in  alcohol,  and 
abundantly  in  aqueous  hydrlodic  acid.  A  hot  solution  of  iodide  of 
potassium  dissolves  much  more  than  the  atomic  proportion  of  it; 
the  excess  crystallizes  in  long,  red,  square  prisms,  according  as  the 

sublimate,  with  which  it  combines  in  two  proportions.  It  forms  a 
class  of  double  salts,  equally  extensive  with  that  produced  by  cor- 
rosive sublimate. 

Su/nodide  of  Jfercvry,  Hg^I.,  may  be  formed  by  triturating  iodine 
with  mercury,  or  by  precipitating  a  solution  of  iodide  of  potassium 
by  a  slight  excess  of  nitrate  of  the  suboxide  of  mercury.  It  is  an 
Olive-green  powder,  which  is  resolved  by  heat  into  metallic  mercu- 
ry and  iodide,  and  is  similarly  decomposed  by  a  solution  of  iodide 
of  potassium,  with  which  the  iodide  of  mercury  formed  combines. 

Sesguiodide  of  Mercury,  or  Yellow  Iodide.—  Hgjlj  or  2Hg.I.  -1-  HgjI, 
To  obtain  this  substance,  a  solution  of  iodide  of  potassium,  to  which 
half  as  mi)ch  iodine  as  it  already  contained  has  been  added,  is  to  be 
decomposed  by  a  slight  excess  of  a  solution  of  the  subniirate  of 
mercury.  The  bright  yellow  powder  which  precipitates  must  be 
dried  cautiously  with  little  exposure  to  light.  By  means  of  a  solu- 
tion of  iodide  of  potassium,  it  is  resolved  into  red  iodide  and  me- 
tallic mercury.  The  reaction  by  which  it  is  formed  is  that,  of  the 
subiodide  first  produced,  by  the  K.I.  and  Hg,0.  .  N.0.„  one  half  is 
converted  into  red  iodide  by  the  additional  atom  of  iodine  which 
is  supplied ;  2(K.I.)4-I.  and  2(,HgjO.  .  N.O.)  giving  2(K.O.  ,  N  OJ 
and  HgJ. -i- 2Hg.I,     This  preparation  is  employed  in  pharmacy. 

A  preparation  which  has  been  proposed  by  Donovan,  under  the 
name  of  lodo-hydrargyrate  of  .Arsenic,  is  prepared  by  rubbing  togeth- 
er 6-08  grs.  arsenic,  15'38  gts.  of  mercury,  and  50  gr.s.  iodine,  with 
a  few  drops  of  alcohol,  until  they  combine,  and  then  adding  eight 
ounces  of  water  with  a  few  drops  of  hydriodic  acid ;  a  solution  is 
obtained,  at  first  colourless,  but  soon  becoming  yeilowish-brown  bv 
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light,  from  iodine  being  set  free.  This  preparation  is  not  a  cnem 
icai  compoiiiiU  ;  but  the  iodide  of  arsenic  being  decomposed  by  llie 
water,  the  iodide  of  mercury  is  dissolved  by  the  hydriodjc  acid 
formed,  while  arsenious  acid  exists  free  in  the  solution. 

Sulphate  of  Mercury -B.g.0.  .  S.O3;  Eq.  IS67  or  149-5— is  produ- 
ced by  boiling  oil  of  vitriol  on  mercury,  until  it  is  converted  into  a 
white  saline  mass,  which  requires  to  be  finally  heated  nearly  to  red- 
ness to  expel  the  excess  of  acid.  Sulphurous  acid  is  evolved,  Hg. 
and  SS.Oa  giving  Hg.O,  .  S.Oa  and  S.Oi ;  but  this  may  be  avoided 
by  adding  from  time  to  time  a  smalt  quantity  of  nitric  acid,  by  which 
oxygen  will  be  supplied.  This  salt  forms  a  white  powder',  not  crys- 
talline j  at  a  full  red  heat  it  is  resolved  into  mercury,  sulphurous 
acid,  and  oxygen.  Its  use  is  extensive  in  preparing  calomel  and 
sublimate.  By  a  large  quantity  of  wnter  it  is  decomposed  into  free 
acid  and  basic  sulphate,  iurpeth  mineral,  SHg.O.+S.Oj,  which  is  n 
bright  yellow  powder,  which,  when  heated  with  muriatic  acid,  gives 
neutral  sulphate  and  corrosive  sublimate,  2H.CI.  and  (SHg.O.+S. 
O3)  producing  2Hg.Ci.  and  Hg.O. .  S.0„  water  being  formed  (see 
p.  461). 

Subsulphate  of  Mercury —UgiO. .  S.O3 — Sulphate  of  the  Black  Ox- 
ide may  be  formed  by  heating  metallic  mercury  with  oil  of  vitriol, 
provided  the  heat  do  not  pass  beyond  212' ;  or  by  mixing  strong 
solutions  of  nitrate  of  the  black  oxide  and  of  sulphate  of  soda.  It 
is  a  white  powder,  very  sparingly  soluble  in  water,  by  which  it  is 
not  decomposed,  and  is  thereby  distinguished  from  the  preceding 
salt. 

Mti-ate  of  Mercury.  Mlraie  of  the  Jied  Oxide.— iH^.O.  .  N.Oj+ 
2  Aq.  This  salt  is  formed  when  mercHry  is  dissolved  it!  an  excess 
of  nitric  acid  with  heat.  It  crystallizes  in  rhomboidal  plates,  which 
are  deliquescent,  and  soluble  in  a  small  quantity  of  water.  Its  so- 
lution is  decomposed  when  diluted,  a  basic  nitrate  of  the  Red  Oxide 
being  precipitated  of  a  bright  canary  colour,  and  having  the  formu- 
la HO. .  N.Oj+^Hg.O.  If  this  powder  be  boiled  with  much  water, 
a  still  more  basic  salt  is  formed,  which  has  the  formula  N.Oi+CHg. 
0.  Both  this  salt  and  the  sulphate,  when  heated  by  sulphuretted 
hydrogen  not  in  excess,  give  white  basic  compounds,  like  the  chlo- 
rosulphuret  (p.  464.),  having  the  formula  Hg.O.  .  KO^  +  2Hg.S.  and 
Hg;O..S.03+2Hg.S. 

Subnitrate  of  Mercury.  J^itrateof  the  Black  Oxide. — When  mercu- 
ry is  dissolved  in  dilute  nitric  acid,  without  any  heat,  or  with  only 
as  much  as  sustains  a  very  moderate  action,  the  black  oxide  forms, 
and  may  unite  with  the  nitric  acid  in  various  proportions.  1st.  If 
there  be  nitric  acid  in  excess,  the  solution  gives  by  cautious  evapo- 
ration clear  transparent  rhombs  of  neutral  subnitrate,  having  the  for- 
mula HgjO.  .  K.Oi-F2H.O.  2d.  If  there  be  an  excess  of  mercury, 
large  opaque  white  rhombic  prisms  sometimes  form,  which  have  the 
composition  (3HgaO.+2N.Os-|-3H.O.).  3d.  By  letting  this  solution 
stand,  these  crystals  gradually  disappear,  and  very  small  canary- 
yellow  crystals,  nearly  spherical,  with  numerous  brilliant,  facets,  are 
produced :  this  is  a  basic  salt,  the  formula  being  H.O. .  N-O^-f  2Hg. 
0.  This  salt  may  also  be  formed  by  the  action  of  water  on  either 
the  first  or  second ;  both  being  decomposed  into  free  acid,  and  the 
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basic  salt,  which  is  not  farther  altered  even  by  boiling  water.  The 
Becond  salt  may  be  looked  upon  as  a  compoiind  of  the  first  and  third, 
Bitice(3Hff;O.+2N.O,+  3H.O.)=(Hg,O..N.O,+  2H.O0+(H.O..N. 

Sti-bckroniate  iif  Muri^mi,  HgaO.+Cr.Oa,  produced  by  mixing  solulions  of  chro- 
mnte  of  poiash  and  subaitraie  of  mereuiT,  is  a  brighi  orange  powder,  insoluble  in 
water;  wben  heated,  to  redness,  it  eivea  off  mercury  and  oxygen,  and  chromic  oxide 
of  a  liiie  green  coiour  remains  (p.  STS). 

Red  niicaie  of  mercury  combines  with  iodide  of  mercary  to  form  a  doable  salt, 
whicli  is  formed  by  iialf  precipitating  asfllulioii  of  the  mercuric  salr  by  iodide  ofpo- 
tassinm,  and  boiling  until  [he  precipitate  redissolv^s;  on  cooling,  the  new  sail  is  de- 
posited in  brilliant  red  crystalline  scales,  whicb  are  decomposed  by  much  water. 

Sails  of  Gold. 

PercMonde  of  Gold.—k>i.C\.  When  gold  is  dissolved  in  nitre 
muriatic  acid,  and  the  aoiutiop  evaporated  very  cautiously  to  dry- 
ness, this  salt  remains  as  a  ruby-red  crystalline  mass,  which  dissolves 
with  a  yellowish-red  colour  in  water.  Its  solution  is  acid,  and  is 
decomposed  by  the  light,  and  by  all  deoxidizing  agents.  It  combines 
with  muriatic  acid,  and  forms  a  deep  yellow  liquor,  from  which 
the  acid  chloride  of  Gold  crystallizes  in  long  yellow  needles.  It  is 
soluble  in  alcohol  and  in  ether,  from  which  last  solution  it  is  depos- 
ited in  the  metallic  state  on  evaporation,  the  chlorine  combining  with 
the  ether.  In  this  way  some  forms  of  gilding  are  effected,  as  on 
steel.  The  chloride  of  gold  combines  with  many  other  chlorides, 
forming  double  salts.  The  chloride  of  gold  and  potassium,  Au.CIa-|- 
K.C1.-I-5  Aq.,  crystallizes  in  orange-red  striated  rectangular  prisms. 
It  effloresces  in  the  air,  and  may  be  obtained  anhydrous ;  it  is  then 
ruby-red.  Chloride  of  gold  and  sodium  (Na.Cl.  + Au.Cl^+4  Aq.) 
forms  crystals  of  the  same  form  and  colour,  but  which  do  not  ef- 
flpresce  :  when  heated,  they  fuse  in  their  water  of  crystallization. 

Su&chloride  of  Gold,  Au.C!.,  is  produced  by  heating  the  chloride  to 
about  450'  in  a  porcelain  dish,  stirring  it  very  carefully  until  no 
more  chlorine  is  given  off.  It  is  a  yellowish-white  mass,  insoluble 
in  water,  by  which  it  is  gradually  decomposed  into  chloride  and 
metallic  gold.  It  is  in  this  way  only  that  a  solution  of  chloride  of 
gold  perfectly  free  from  an  excess  of  acid  can  bo  obtained. 

Iodides  of  Gold. — When  solutions  of  chloride  of  gold  and  Iodide  of  potassium  are 
mised,  a  greeni^  precipitalft  occurs  of  sviuidide  of  Gold,  Au.I.,  while  two  thirds  of 
the  iodine  become  free.  If  its  iodide  of  potassium  be  in  great  excess,  however,  the 
iodine  and  subiodide  are  both  Tcdissolved,  and  a  double  salt  obtained,  which  crystal- 
Uzes,  and  which  cofttains  ioMde  ef  Gold;  its  formula  is  K.I.-f  Au.Ia;  by  the  cautious 
addition  of  chloride  of  gold  to  a  solution  of  this  salt,  a  greenish  precipitate  may  be 
obtained  without  any  liberation  of  iodine,  and  which  hence  must  be  the  iodide. 

The  oxides  of  goH  do  not  act  as  bases,  and  the  general  nature  of  the  salts  which 
th07  form,  as  acids,  has  been  noticed  in  p.  406. 

Salts  of  Palladium, 

CMoride  of  PaJledivm,  Pd.CL,  is  formed  by  dissolving  palladium  in  nitromuriatie 
acid.  Its  solution  is  deep  brown,  and  it  forms,  by  evaporation,  a  cijslalline  mass; 
by  the  action  of  a  small  quantity  of  caustic  alkali,  a  basic  salt,  or  tm/clUiirU/e  of  Pal- 
ladium, Pd.CI.-f-3Pd.O.+4  Aq.,  is  produced ;  it  is  a  brown  powder,  insoluble  in  wa- 
ter. The  chloride  of  palladium  combines  wilh  other  chlorides  to  form  double  salts; 
when  healed  to  about  BOI>°,  it  abandons  half  its  chlorine,  and  sui/ckloiide  if  Palladi- 
rnn  remains,  sn  olive-brown  powder  insoluble  in  water.  Ey  a  strong  red  heat  thia 
is  totally  decomposed. 

DeuiodJeride  of  PaUadivm,  Pd.Cla,  is  formed  when  the  chloride  of  palladium  is 

gently  heated  with  aqua  regia ;  it  forms  a  dark  brown  liquor,  which  gives,  wilh  a 
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solulioii  of  chloride  of  potassium,  a  sparingly  soluble  double  sa!l,  K.Cl.+Pd.Ck. 
This  delllochloride  cannot  be  obtained  solid,  its  soiulion  giving  off  chlorine,  and 
chloride  remaining. 

lotliilx  of  PaUadiiim,  VAX.,  is  a  black  powder,  obtained  by  double  decomposiiion. 
It  forms  double  salts  wilii  other  iodides.  By  heat  it  is  decomposed,  without  Ibrm- 
ing  any  suhiodide. 

StUpkaie  of  PaUadium,  Pd.O. .  S.Os,  is  produced  by  dissolving  tfie  metal  in  a  mis- 
tnre  of  nitric  and  sulphutic  acids.  By  evaporation,  a  saline  mass  is  obtained, 
which  is  decomposed  by  water. 

Nil/iats  of  PaMarUiim,  Pd.O. .  W.Oj,  is  obtained  by  acting  on  the  metal  with  nitric 
acid.  At  first  it  dissolves  without  any  evolution  of^gas,  forming  a  deep  olive  liquor  j 
but  when  heated,  it  gives  off  N.Oj,  and  becomes  brown.  The  nitrate  of  piilladium 
is  decomposed  by  water,  giving  basic  salts. 

Sales  of  Plaiinum. 

ProfocMoride  of  Platinum,  Pt.Cl.,  is  forined  by  exposing  the  bi- 
chloride, in  fine  powder,  to  a  temperature  of  about  500^  in  a  porce- 
lain dish,  and  frequently  stirring;  one  half  of  the  chlorine  being 
evolved,  a  greenish  olive  powder  is  produced,  which  is  the  proto- 
chloride.  It  is  insoluble  in  water ;  by  a  red  heat  it  is  resolved  into 
chlorine  and  metallic  platinum.  If  the  bichloride  be  e.tposed  only 
to  a  temperature  of  about  400',  water  dissolves  from  out  of  the  re- 
sulting mass,  a  substance  which  colours  it  intensely  brown,  and 
which  is,  probably,  a  sesquichloride,  PtjClj. 

Bichloride  of  Platinum Pt.Clj,  This  salt  is  produced  by  dis- 
solving platitium  in  nitromuriatie  acid.  The  solution,  when  free 
from  excess  of  acid,  is  intensely  yellow;  on  evaporuCion,  it  gives  a 
cryBtalline  deliquescent  mass.  This  salt  is  very  soluble  in  alcohol, 
and  is  so  used  for  the  detection  of  potash  (p.  339).  It  combines 
with  other  chlorides,  forming  double  salts,  of  which  some  possess 
considerable  interest.  Those  with  chloride  of  potassium,  K.Cl.-j- 
Pt.Cl,,  and  with  sal  ammoniac,  N.H.Cl.+Pt.CIj,  are  precipitated  as 
yellow  powders  from  strong  solutions,  or  as  minute  octohedral  or- 
ange-red crystals  froin  dilute  solutions  of  those  alkalies,  and  are 
hence  used  for  their  detection.  These  salts  are  insoluble  in  alco- 
hol. The  sodium  double  salt  (Na.CI.-|-Pt.ClJ  is,  on  the  contrary, 
easily  soluble  both  in  alcohol  and  water. 

The  Iodides  of  Plaiimm,  are  black  powders,  insoluble  in  water,  formed  by  the 
double  decomposiiion  of  iodide  of  potassium  with  the  reapectlre  chloiides.  The 
biniodide  c(Hnbines  with  iodideof  potassium  to  form  a  double  salt  K.I.-1-Pt.Ii,  which 
dissolves  in  water,  giving  a  solution  so  deeply  claret-coloured  that  it  may  serve  to 
delect  a  very  minute  trace  of  platinum  in  solution. 

Although  many  oiygen  salts  of  platinum  are  described  in  the  systematic  books 
(huJphate,  nitrate,  &•:.),  I  consider  that  we  possess  no  accurate  knowledge  whatever 
of  that  class  of  combinations. 

Salts  of  Iridium  and  R/wdium. 
There  are  four  chlorides  of  iridium.  The  protodJaride,  Ir.Cl,  is  prepared  by 
heating  metallic  iridium  to  redness  in  chlorine;  it  Is  an  alive-green  body,  which  is 
insoluble  in  water,  but  combines  with  other  chlorides  to  form  double  salts.  Ths 
saqiatJitirride,  IniCIa,  is  formed  by  dissolving  the  sesquiozide  in  muriatic  acid.  It  U 
a  brown  crystalline  substance,  volatile,  and  forming  double  salts.  The  HsMnride, 
Ir.Clj,  <3  produced  when  3  concentrated  solution  of  the  former  is  treated  with  aqua 
regia.  It  forms  a  dark  brown  solution,  giving,  when  dried,  a  black  mass.  It  gives 
with  chloride  of  pMassium  a  sparingly  soluble  double  salt  in  black  octohedral  crys- 
tals. The  vercMoride,  l.Clj,  is  not  known  except  in  the  slate  of  a  double  salt,  K.Cl. 
-l-I.CIj,  which  is  produced  by  processes,  for  which  I  refer  to  the  latter  systemaiic 

The  protoxide,  sesquioiidc,  and  deuloiLiile  of  iiidiuiii  form  salts  witli  the  oiygen 
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acids;  Ihe  soluiions  of  ihe  firsi  class  being  green  or  purple,  lliosp  of  the  second  class 
l)luoil-red,  and  those  of  the  third  orange,  produce  the  varieiy  of  tints  which  gives  the 
name  Indinm  \o  the  metal ;  the;  are  not  otherwise  important. 

SssQaiddoride  ofRliodiimi,  RsCLi,  is  prepared  by  decomposing  the  double  chloride 
of  rhodium  and  potassium  by  hydroflnosilicic  acid.  The  filiered  liquor  gives,  when 
evaporated,  a  brown-red  mass,  destitute  of  crystalline  structure;  by  heat  it  is  com- 
pletely decomposed.  It  combines  with  other  chlorides  lo  form  well-defined  double 
salts,  such  as  that  3K,CL+Ri01a+3  Aq.  formed  by  acting  on  metallic  rhodium  and 
chloride  of  potassium  by  aqua  regia.  when  metallic  rhodium  alone  is  treated  by 
chlorine,  a  rose-red  powder  is  obtained,  insoluble  in  water  and  acids,  which  is  a  sim- 
ilar compound  of  protochloride  and  sesquichloride  of  rhodium,  R(Cl5=2R.Cl.+ 
lUCk 

,  By  ignitir^  metallic  rhodium  with  bisulphate  of  potash,  a  double  salt  is  obtained, 
which  does  not  crystallize.  The  aitraie  of  rhodium  is  a  dark  red  deliquescent  sal^ 
which  gives  with  nitrate  of  soda  a  double  salt  in  dark  red  crystals. 


CHAPTER  XVI. 

ON  THE  GEHEB.AL  FEINCIPLES  OF  THE  CONSTITUTION  OF  OEGANIC  BODIES, 

Organic  bodies  are  distinguished  g-enerally  by  a  mach  greater 
complexity  of  composition  than  ccurs  in  substances  of  mineral  or- 
igin. Except  in  the  case  of  cnrbonic  oxide,  there  is  no  example  of 
an  atom  of  an  organic  compound  containing  but  two  simple  atoms; 
and  carbonic  acid  and  cyanogen  are  the  only  examples  of  an  organ- 
ic atom  being  formed  by  three  elementary  atoms.  On  the  contrary, 
the  number  of  simple  atoms  entering  into  the  composition  of  an  or- 
ganic body  is  sometimes  very  gre\nt:  thus  an  equivalent  of  oleic  acid 
contains  270  simple  atoms  ;  an  atom  of  albumen  is  formed  of  883 
simple  atoms;  an  atom  of  spermaceti  includes  468  simple  atoms; 
numbers  to  which  we  find  no  form  of  combination  approaching  in 
inorganic  compounds. 

Besides  this  greater  complexity  of  constitution,  organic  bodies 
we  distinguished  by  the  nature  of  their  elements.  I  have  had  oc- 
casion already  to  descnbe  as  inorganic  fifty-four  uiidecompounded 
bodies,  which,  by  their  reunion  in  various  proportions,  generate  the 
compound  substances  which  constitute  the  mineral  crust  of  the 
globe ;  but  among  organic  bodies  we  meet  with  few  of  these.  Al- 
though equalling  in  number  and  surpassing  in  variety  of  properties 
the  mineral  species,  the  products  of  the  animal  and  vegetable  king- 
dom may  be  looked  upon  as  consisting  almost  exclusively  of  six 
elements,  of  which  two,  sulphur  and  phosphorus,  are  met  with  but 
seldom  ;  nitrogen  is  much  more  extensively  found,  especially  in 
animal  substances;  oxygen  and  hydrogen  exist  in  almost  all;  but 
the  element  which  is  peculiarly  organic,  and  which,  with  the  one 
exception  of  ammonia,  exists  in  all  bodies  derived  from  an  animal 
or  vegetable  source,  is  Carbon.  It  is  hencti  that  I  have  deferred  the 
description  of  carbon  and  its  compounds  until  I  could  pass  directly 
from  it  to  the  great  variety  of  organic  bodies  of  which  it  is  the  ba- 
sis. With  the  constituents  of  inorganic  bodies  it  has  but  an  acci- 
dental connexion  ;  for,  as  1  shall  hereafter  show,  there  is  no  form  of 
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carbon  which  has  not  at  some  time  mside  part  of  an  organized  beinjj. 
Besides  these  six  elements  of  organic  bodies,  there  are  many  which 
enter  into  the  structure  of  animals  and  plants,  and  are  snbsei  vient 
in  an  important  degree  to  tlie  proper  performance  of  their  func- 
tions, without  being  really  constituents  of  their  organic  tissues  or 
secretory  products.  Thus  iodine  and  bromine  exist  in  many  ma- 
rine plants  and  sponges;  common  salt  and  oxygen  salts  of  potash, 
soda,  lime,  and  magnesia  exist  in  most  animal  and  vegetable  juices  ; 
phosphate  of  lime  constitutes  the  bony  skeleton  of  one,  and  carbo- 
nate of  Jime  the  testaceous  covering  of  another  tribe  of  animals, 
while  silica  forms  the  solid  basis  of  some  of  the  lower  tribes  of  zo- 
,  ophytes.  In  ibe  red  colouring  matter  of  the  blood,  iron  is  on  essen- 
tial element,  and  the  same  metal  has  been  found  in  minute  quantity 
in  other  parts  of  animals;  indications  of  fluorine  and  of  silica  have 
been  found  in  the  bones  and  teeth;  but  in  all  these  instances,  ex- 
cept the  one  fact  of  the  iron  element  of  red  blood,  we  find  these 
saline  substances  to  be  contained  in  fluids  in  a  condition  of  mere 
physical  solution,  or  to  be  deposited  as  solids  in  the  bones  or  teeth 
in  a  purely  inorganic  form,  clearly  to  be  distinguished  from  the 
proper  state  of  organic  combination,  in  which  the  carbon,  hydro- 
gen, oxygen,  and  nitrogen  of  the  tissues  and  secretory  products  are 
united. 

Among  organic  bodies,  it  is  necessary  to  distinguish  three  class- 
es, which  differ  no  less  in  complexity  of  composition  than  in  the 
circumstances  under  which  they  are  formed,  and  their  relation  to 
organic  bodies.  These  are,  first,  those  bodies  which  are  directly 
elements  of  an  organized  and  living  being,  and  which,  while  in  con- 
nexion with  it,  appear  to  possess  the  power  of  elaborating,  from 
certain  nutritious  juices,  additional  material  similar  to  themselves. 
Such  are  the  organic  constituents  of  the  animal  and  vegetable  tis- 
sues and  of  the  blood,  which,  while  in  connexion  with,  and  form- 
ing portions  of  the  animal  or  plant,  participate  to  a  certain  degree 
in  its  vitality,  and  do  not  obey  the  laws  of  ordinary  affinity,  unless 
by  being,  in  the  first  instance,  killed ;  these  bodies  should  be  more 
properly  called  organized  than  merely  organic  ;  their  chemical  rela- 
tions commence  only  when  they  have  been  deprived  of  their  moat 
essential  character,  life.  They  are  organs;  their  constitution  can- 
not be  expressed  in  formulje,  nor  their  properties  accounted  for  by 
analysis.  After  their  death  we  may  obtain  from  them,  by  chemical 
treatment,  a  variety  of  organic  bodies ;  but  that  they  were  composed 
of  these  bodies,  and  that  their  properties  resulted  from  the  combi- 
nation of  such  elements  as  we  extract  from  them,  it  would  be  false 
philosophy  to  imagine.  The  fibrine  and  albumen  of  the  blood,  the 
muscles,  and  the  cellular  tissues,  the  fatty  matter  of  the  brain,  per- 
form their  fLinctions  in  virtue  of  vital  power,  and  not  of  any  chem- 
ical properties  they  possess.  The  albumen  of  the  egg  is  not  a  chem- 
ical substance,  but  a  delicately-constructed  mass,  destined  to  be 
transmuted  into  the  organs  of  the  chick,  and  by  participating  in  its 
life,  protected  from  putrefaction.  But  when  albumen  is  precipitated 
by  corrosive  sublimate,  it  is  killed,  and  the  product  of  its  decompo- 
sition combines  with  the  oxide  of  mercury. 

This  class  of  bodies  have  their  origin,  therefore,  in  actions  purely 
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vital.  They  have  a  structure  ovg;aiiic-molecular,  totally  different 
froBi  crystallization,  and  for  the  most  part  consisting  of  minate 
cella.  When  dead,  these  tissues  undergo  spontaneous  decomposi- 
tion, with  more  or  less  rapidity,  according  as  their  composition  ia 
more  complex ;  but  for  this  water  must  be  present.  Some  forms 
of  animal  tissue,  which  appear  to  lose  the  organized  structure  and 
vitality  with  which  they  wei-e  at  first  formed,  are  capable  still  of 
remaining  in  connexion  with  the  living  system,  and,  although  dead, 
have  no  tendency  to  putrefy,  probably  from  not  being  iii  any  de- 
gree soluble  in  water.  The  formation  and  growth  of  nails  and 
hoofs,  hair  and  horns,  are  examples  of  the  important  uses  of  this 
property. 

It  is  by  virtue  of  the  vital  forces  of  the  bodies  of  this  first  class, 
not  individually,  but  united  together  so  as  to  constitute  the  tissues, 
glands,  &c.,  of  plants  and  animals,  that  the  organic  bodies  of  the 
second  class  have  their  origin.  These  are  substances  produced  (se- 
creted) from  the  elements  by  which  organized  bodies  are  nourished, 
probably  by  the  union,  under  peculiar  conditions,  of  such  portions 
of  the  constituents  of  the  food  as  were  not  proper  or  proportioned 
to  be  assimilated  to  the  organized  tissues  of  the  living  being  itself. 
It  is  thus  that,  by  a  plant  which  uses  water,  carbonic  acid,  and  at- 
mospheric air  as  nutriment,  after  the  assimilation  of  a  certain  quan- 
tity of  their  constituents  to  its  proper  tissues,  sugar,  starch,  and  al- 
bumen, adapted  for  the  nutrition  of  its  young,  may  be  formed  as 
secreted  products,  and  oils,  resins,  colouring  matters,  &c.,  rejected 
as  useless  or  injurious. 

The  third  class  of  organic  bodies  contains  those  which  are  evolv- 
ed by  the  chemical  decompositions,  whether  spontaneous  or  arti- 
ficial, to  which  substances  o[  the  first  and  second  class  are  subject- 
ed. Thus  sugar,  by  fermentation,  yields  alcohol  and  carbonic  acid  ; . 
alcohol,  by  oxidation,  yields  acetic  acid,  or  aldehyd  ;  acetic  acid, 
variously  treated,  produces  acetone,  or  alkarsin ;  while  ligneous 
fibre  gives  origin,  when  heated,  to  a  crowd  of  organic  products,  of 
which  pyroxylic  spitit  is  an  example. 

It  is  very  interesting  to  contrast  these  classes  of  bodies  with  each 
other,  in  relation  to  the  forces  by  which  their  constitution  is  regu- 
lated, as  compared  with  the  simpler  forms  of  affinity  by  which  the 
actions  of  inorganic  elements  are  controlled.  In  the  first  there  is 
found  nothing  referrible  to  chemical  attraction  ;  all  affinity  is  an- 
nulled by  the  supremacy  of  life  and  organization.  Hence  it  is  only 
when  dead  that  such  bodies  can  be  analyzed,  and  by  treatment  with 
reagents  a  crowd  of  products  belonging  to  the  third  class  be  obtain- 
ed from  their  more  or  less  evident  decomposition.  No  matter, 
therefore,  how  perfect  our  mediate  or  immediate  analyses  of  such 
lubstances  may  be,  the  synthesis  of  such  todies,  or  their  production 
V  the  anion  of  their  elements,  is  strictly  impossible  to  the  chemist, 
he  formation  of  a  molecule  of  albumen  would  not  be  a  case  of 
chemical  combination,  but  of  the  formation  of  a  portion  of  an  or- 
ganized cell ;  it  would  require  not  merely  the  combination  of  its  el- 
ements, but  also  that  the  compound  should  have  life  imparted  to  it. 

In  relation,  however,  to  the  second  and  third  classes,  the  circum- 
are  quite  different;  although  we  cannot  trace,  precisely, 
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the  force  by  which  the  organized  tissues  act  in  eliminating  from  a 
liquid  of  liiiiform  composition,  such  as  the  blood  or  sap,  the  various 
secretions  which  constitute  the  second  class,  yet  the  circumstan- 
ces of  their  formation  admit  of  being  eskmined,  and  already  some 
insight  has  been  obtained  as  to  the  way  in  which  organic  bodies 
may  separate,  or  be  converted  into  others,  without  reference  lo  the 
mere  affinities  of  their  elements,  by  means  of  the  influence  that  has 
been  already  described  as  catalytic  (p.  236,  et  seq.')  ;  in  this  way  the 
functions  of  organized  tissues  may  be  imitated,  and  a  true  synthesis 
of  organic  bodies  of  the  second  class  may  he  effected.  With  the 
bodies  of  the  third  class  we  find,  also,  that  the  circumstances  of 
their  formation  are  either  purely  artificial,  or  capable  of  being  easi- 
ly imitated,  and  the  reactions  by  which  they  are  evolved,  although 
often  catalytic,  fall,  in  the  majority  of  cases,  under  the  lules  of  or- 
dinary affinity.  In  structure,  also,  the  bodies  of  the  second  and 
third  class  range  themselves  with  inorganic  compounds  ;  those 
which  are  solid  may,  for  the  most  part,  bo  obtained  crystallized,  and 
the  liquid  sitbstances  possess  dc^nite  freezing  and  boiling  points. 

Between  such  organic  bodies  and  mineral  substances  we  find  the 
greatest  similarity,  not  merely  in  their  physical  relations,  but  ia 
chemical  properties  also.  The  great  classes  of  acids  and  bases  ex- 
ist, well  marked,  among  organic  bodies,  and  in  their  combinations 
with  each  other,  the  same  principles  of  multiple  and  equivalent 
combination  are  followed  as  hold  for  inorganic  compounds.  So 
perfect  is  the  analogy  of  general,  characters,  that  it  has  long  been 
an  object  with  chemists  to  unite,  under  one  principle,  the  laws  of 
composition  of  organic  and  inorganic  bodies  ;  and  as  the  character- 
istic distinction  of  mineral  substances  is  to  consist  of  a  series  of  el- 
ements which  are  respectively  combined,  two  and  two,  in  virtue  of 
their  opposite  affinities,  attempts  have  been  made  to  reduce  the 
complex  constitution  of  organic  bodies  to  the  same  principle  of  bi- 
nary union,  by  supposing  that  certain  of  the  elements  are,  in  the 
first  instance,  grouped  together  so  as  to  form  a  single  molecule, 
and  that  this,  acting  as  a  simple  body,  combines  with  the  element 
which  remains.  It  is  from  the  discovery  of  cyanogen,  and  the  dis- 
cussions as  to  the  nature  of  the  ethers  and  of  the  ammoniacal  salts, 
that  we  must  date  the  positive  introduction  of  this  theory  of  com- 
pound radicals  into  chemistry.  Its  utility  has  not  been  limited  to 
the  explanation  of  the  constitution  of  organic  bodies;  on  the  con- 
trary, it  has  been  applied  successfully  to  explain  the  phenomena  pre- 
sented by  numerous  classes  of  inorganic  compounds,  such  as  the 
compounds  of  sulphur  and  oxygen,  noticed  p.  292,  and  especially 
to  the  foundation  of  the  binary  theory  of  salts,  as  described  in  the 
fifteenth  chapter. 

Were  we,  however,  to  apply  the  theory  of  compound  radicals  in- 
discriminately to  explain  the  constitution  of  organic  bodies,  we 
should  be  liable  to  fall  into  continual  error.  The  criterion  which  1 
would  assume  as  decisive  of  the  constitution  of  an  organic  body  is, 
whether  certain  of  its  elements  may  be  exchanged  for  others,  in  ac- 
cordance with  the  ordinary  laws  of  substitution  of  inorganic  bodies, 
and  thus  a  series  of  compounds  be  produced,  through  which  some 
elements  of  the  original   substance  shall  have  passed  untouched, 
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and  from  which  again,  by  suitable  reactions,  the  original  substance 
can  he  obtained  viiialtered.  In  sucli  case  I  would  consider  those 
elements  which  remain  unaffected  as  being  strictly  united  with  each 
other,  and  constituting  a  compound  radical,  ivhich,  combining  with 
other  bodies,  gives  origin  to  a  series  of  compounds  more  or  less  ex- 
tensive. Thus,  if  we  treat  oil  of  bitter  almonds,  CnHsOj,  by  chlorine, 
we  obtain  a  compound  CnH^OiCi.,  which  gives,  with  iodide  or  sul- 
phuret  of  potassium,  bodies  whose  formula  are  respectively  C„Hs02 
I.  and  CnH^O;S.  Again  acted  on  by  oxygen,  it  gives  crystallized 
benzoic  acid,  C  A0„  or,  rather,  C„HA4- Aq.  Now  it  will  be  seen 
that,  throughout  this  whole  series,  the  element  ChHjOj  has  remained 
unaltered.  lathe  oil  it  was  combined  with  hydrogen;  in  benzoic  acid 
it  unites  with  oxygen  ;  in  the  other  bodies  it  is  united  with  chlorine, 
iodine,  &c.,  and  from  these  the  oil  may  be  recovered  by  processes 
by  no  means  indirect.  Now  when  we  state  that  in  these  compounds 
the  elements  CnHjOi  are  united,  first  with  each  other,  by  an  affin- 
ity which  ordinary  reagents  cannot  overcome,  and  that  this  com- 
eound  group  unites  with  the  simple  bodies,  hydrogen,  oxygen,  &c., 
y  an  affinity  so  much  weaker  that  they  can  be  readily  substituted 
for  each  other,  we  state  only  an  established  fact,  and  in  denomina- 
ting the  group,  Cj,Hi,0;,  the  root  or  radical  of  the  series  of  bodies 
thus  produced,  we  involve  no  hypothetical  idea.  For  brevity,  we 
express  that  compound  radical  by  the  symbol  Bz.,  and  we  term  it 
Benzyle;  we  write  the  formula  of  its  combinations,  respectively,  Bz. 
H.,  Bz.CI.,  Bz.L,  and  Bz.O.+Aci- 

But  we  must  not  be  induced,  by  the  brilliancy  shed  on  certain 
branches  of  organic  chemistry  through  the  application  of  tiiis  prin- 
ciple, to  transgress  the  boundaries  of  sound  induction.  There  are 
numerous  organic  compounds  in  which  I  believe  that  no  binary 
structure  exists,  and,  consequenthf,  to  which  the  theory  of  organic 
radicals  should  not  be  applied.  It  is  the  class  of  bodies  character- 
ized by  a  remarkable  indifference  to  combination,  and  which,  whea 
decomposed  by  the  influence  of  reagents,  lose  not  merely  one  con- 
stituent and  gain  another  in  its  place,  but  are  totally  transformed 
into  new  compounds,  into  which  all  of  their  original  components 
enter,  and  towards  which  the  reagent  that  had  been  applied  fre- 
quently appears  indifferent,  so  that  the  action  appears  to  have  more 
the  character  of  catalysis  than  of  true  chemical  affinity.  Such  bod- 
ies are  gum,  sugar,  starch,  some  of  the  oily  and  colouring  matters, 
urea,  and  many  others :  treat  these  bodies  us  you  will,  there  are  no 
phenomena  of  true  replacement ;  they  may  be  decomposed,  but  bod- 
ies of  a  totally  different  type  are  formed,  and- the  original  substances 
cannot  be  regenerated. 

The  organic  radical  which  is  thus  assumed  as  the  basis  of  a  se- 
ries of  compounds,  acts  as  a  simple  body,  but  it  does  so  only  In  re- 
lation to  the  nature  and  intensity  of  the  forces  that  act  upon  it ;  it 
may  be  decomposed,  and  frequently  it  cannot  be  separated  from 
combination  without  total  decomposition  ;  hence  few  compound 
radicals  can  be  isolated.  But  they  can  be  decomposed,  even  while 
fitil!  in  combination,  by  the  intervention  of  powerful  affinities  ;  and 
this  decomposition  may  be  either  total,  so  as  to  leave  no  trace  of 
the  original  constitution  of  the  substance,  or  by  giving  origin  to 
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another  series  of  combinations,  may  indicate  a  still  more  intim&ia 
constitution,  and  unveil  an  organic  radical  of  a  simpler  structure 
acting  as  the  basis  of  the  firet. 

Thus  we  have  seen  what  positive  grounds  there  are  for  admit 
ting  benzyle,  C,.H,Oj,  to  be  the  radical  of  the  oil  of  bitter  almonds 
and  of  benzoic  acid  ;  but  if  we  digest  oil  of  bitter  ahnonds  with 
ammonia,  all  oxygen  is  removed,  and  we  obtain  a  compound  of  ni 
trogen  with  the  body,  C  3ij  which  may  also  be  obtained  in  other 
forms  of  combination.  Now  this  organic  substance,  CuH„  acts  as 
the  basis  of  benzyle,  for  the  oil  of  bitter  almoads  can  be  reproduced 
from  it ;  and  we  thus  obtain  evidence  of  three  stages  of  constitution 
in  benzoic  acid,  whose  formula  should  be  written,  therefore,  as  (C,4 
H3+0i)+0.  The  considerations  described  in  p.  291  point  out  a 
perfect  analogy  to  this  in  the  constitution  of  sulphuric  acid.  Re- 
duced to  its  ultimate-elements,  its  formula  ts  S.Oj ;  but  powerful  evi- 
dence shows  that  its  real  basis  is  sulphurous  acid,  and  not  sulphur, 
its  rational  formula  being  S.O^+O.  Now  here  the  primary  radical, 
C|4Hi,,  corresponds  to  sulphur,  and  benzyle  to  sulphurous  acid  ;  the 
total  quantity  of  oxygen  in  such  acids  being  divided  into  two  por- 
tions, differing  in  order  and  intensity  of  oombination  with  the  ulti- 
mate radical.  If  we  add  to  these  considerations  the  view  of  salt- 
radicals,  and  consider  the  salts  of  benzoic  acid  as  expressed  by  the 
formula  Bz.O^+M.,  as  that  of  the  sulphates  has  been  shown  to^be 
S.Oj .  Oj+M.,  we  observe  even  a  fourth  degree  to  which  the  mole- 
cular structure  of  the  complex  organic  radical  may  be  traced. 

It  is,  indeed,  when  applied  to  explain  the  constitution  of  the  or- 
ganic acids,  that  the  theory  of  compound  radicals,  as  employed  iu 
the  new  views  of  the  constitution  of  oxygen  salts,  appears  most  in- 
teresting, as  the  anomalies  of  properties  and  composition  presented 
by  the  salts  of  the  organic  acids  were  more  numerous  and  more  ex- 
traordinary than  any  which  the  mineral  acids  presented,  and  were, 
indeed,  totally  unintelligible,  until  illustrated  by  the  conjoined  in- 
vestigations of  Dumas  and  of  Liebig.  An  example  of  this  may  easi- 
ly be  selected.  Of  the  organic  acids,  the  majority  are  monobasic, 
but  there  are  also  many  bibasic  and  tribasic  ;  thus  the  citric  acid, 
whose  formula  is  CuHjOi,,  combines  with  three  atoms  of  base  ;  the 
meconic  acid,  CnH.O,,,  is  also  tribasic;  the  tartaric  acid,  C^,0,j, 
and  the  mucic  acid,  C.jHaOn,  are  bibasic.  In  these  instances,  the 
quality  of  combining  with  many  atoms  of  base,  which  is  so  anoma- 
lous on  the  older  view,  necessarily  follows  from  the  formula;  of  the 
hydrated  acids,  which  become  respectively,  for  citric  acid,  CnHjOu 
-l-Hai  for  meconic  acifl,  C,^H.O„+H,;  for  tartaric  acid,  C,H.O,j+H,i 
and  for  mucic  acid,  G„H,0,ii+Hi.  By  its  means  many  other  singu- 
lar properties  of  organic  acids  are  explained :  thus  there  appear  to 
exist  three  acids,  having  absolutely  the  same  composition  of  CjN. 
0.,  viz.,  the  cyanic,  the  fulminic,  and  the  cyanuric  acids;  they  are 
isomeric ;  they  possess  excessively  different  properties.  Whence 
has  that  difference  its  rise  %  If  we  say  that  the  cyanic  acid  contains 
cyanoa^en  ready  formed,  and  that  the  others  do  not,  it  still  remains 
to  explain  the  isomerism  of  the  others ;  and  we  find  that  the  cyanic 
and  cyanuric  acids  are  transformed  into  each  other  by  the  slightest 
once  the  key  to  this  isomerism, 
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when  we  study  the  salts  formed  by  these  acids,  The  cyanic  acid 
is  monobasic;  its  hydrate  is  C.N.O.  +  H.O. :  the  fulminic'acid  is  bi- 
baaic  ;  its  hydrate  is  C^NjOj+2H.O. :  the  cyanuric  acid  is  icibasic } 
its  formula  is  CsNaOs+^H.O.  These  acids  are  thus  found  to  have 
difTorent  atomic  weights ;  their  molecular  groups  are  ascertained  to 
contain  different  numbers  of  molecules,  and  heace  to  admit  of  to- 
tally distinct  internal  structure.  When  expressed  in  formulce  on 
the  binary  theory,  we  have  C^N.Oj-l-H.  for  the  cyanic,  C^N;0,,+Hj 
for  the  fulminic,  and  C,NjO.,+H3  for  the  cyanuric  acid;  and  not 
merely  the  difference  in  nature  of  the  acids,  but  also  the  distinctive 
characters  of  their  salts  necessarily  result. 

Although  chemists  are  unanimous  in  regarding  the  principle  of  com- 
pound radicals  as  the  basis  of  the  philosophy  of  organic  chemistry, 
yet  science  has  not  yet  arrived  at  the  point  when  the  principle  is 
adopted  by  all  in  the  same  form  of  detailed  application.  On  the 
contrary,  there  are  few  specific  examples  of  that  principle  that  are 
not  still  open  to  discussion.  The  views  of  Berzelius  on  this  subject 
are  specially  of  importance.  He  considers  that  the  compound  rad- 
icals of  organic  bodies  consist  only  of  carbon  and  hydrogen,  or  of 
carbon  and  nitrogen:  that  they  never  contain  oxygen.  Hence  he 
does  not  admit  the  existence  of  benzyle  in  benzoic  acid  or  in  oil 
of  bitter  almonds;  he  considers  the  only  radical  to  be  the  carbo- 
hydrogen,  C,jHj,  and  benzoic  acid  to  be  directly  CjHj-f-Oj.  He 
looks  upon  the  oil  of.  bitter  almonds  as  containing  ready-formed 
benzoic  acid,  combined  with  the  true  hydruret  of  the  radical,  as  3 
(C„HA)=2(C„Hi  +  0s)+(0„Hi+H,).  ThecMoride  of  benzyle  he 
looks  upon  as  an  oxychloride,  3(0,3;  •  OjCl.)  being  equal  to  2{C„Hj 
+  0,)+(Q,jH5-!-Cla).  This  is  evidently  the  same  difference  of  view 
that  exists  as  to  the  nature  of  the  sulphurous  acid  compounds,  which 
Berzelius  also  regards  as  more  complex.  Thus  the  chlorosulphu- 
rous  acid  is,  according  to  him,  a  compound  of  sulphuric  acid  with 
a  terchloride  of  sulphur,  3(S.O,Cl.)=2S.03  +  S.Ci3;  and  so  in  aU 
other  bodies  similarly  circumstanced. 

The  opinions  of  a  man  to  whose  extraordinary  industry  and  ge- 
nius we  owe  some  of  the  most  important  additions,  both  theoretical 
and  practical,  that  science  has  received  since  the  epoch  of  Lavoisier, 
should  not  be  rejected  without  much  consideration;  but  on  apply- 
ing those  ideas  to  express  the  constitution  of  the  crowd  of  bodies, 
containing  four  or  five  elements,  which  have  recently  been  discov- 
ered, we  are  led  to  suppositions  destitute  of  experimental  proof,  and 
yet  which,  assuming  the  existence  of  numerous  hypothetic  bodies 
of  anomalous  constitution,  and  combined  in  very  wntisual  ways, 
would  require  for  their  legitimate  admission  into  science  a  very 
strong  body  of  experimental  evidence.  It  would  be  impossible  here 
to  discuss  the  priuciples  of  his  opinion  in  detail;  I  am  led  to  con- 
clude, from  the  consideration  of  the  whole  body  of  facts  which  bear 
upon  it,  that  it  is  inferior  in  power,  and  simplicity  of  explanation  of 
known  facts,  and  as  an  instrument  of  discovery,  to  the  simpler  view 
of  the  constitution  of  organic  bodies  which  has  been  described  ;  and 
being  thus  deficient  in  all  the  important  duties  of  a  sound  theory,  1 
do  not  hesitate  Eo  reject  it. 

The  proposition  of  the  theory  of  types  by  Dumas  (sec  p.  23i) 
Ooo 


by  Google 


474  THEORY     Of     CHEMICAL     TYPES. 

will  probably  constitute  an  epoch  in  science,  by  lixing  attention  on 
the  permanent  equivalency  of  an  organic  atom,  notwithstanding 
complete  alteration  in  the  nature  of  its  elements.  This  did  not  fol- 
low necessarily  from  the  theory  of  compound  radicals,  nor  does  the 
conservation  of  the  type  require  that  the  radical  be  preserved  unal- 
tered, but  only  the  type  of  the  radical.  Thus,  when  aldehyd  is 
changed  into  chloral  {C4H,0^  into  C^. .  01^0;),  the  type  is  preserved, 
since  the  hydrogen  is  replaced  by  an  equivalent  of  chlorine;  the 
radical  is  altered,  since  acetyl,  C,Ha,  is  changed  into  C4CI3,  but  the 
new  radical  is  still  constructed  on  the  type  of  the  original.  The 
theory  of  types,  so  far  from  being  inconsistent  with  the  theory  of 
compound  radicals,  is  in  perfect  harmony  with  it,  at  least  as  I  an 
derstand  it,  and  as  I  believe  it  to  have  been  proposed  by  Dumas 
The  bases  upon  which  it  rests  may  be  announced  as  follows: 

1st.  'fhat  the  hydrogen  of  a  compound  radical  may  be  replaoed 
by  chlorine  or  by  oxygen,  &c  ,  equivalent  for  equivalent,  and  a  new 
radical  thus  produced,  wbich,  being  constructed  on  the  same  type 
as  the  original,  will  have  the  same  general  Jaws  of  combination,  and 
will  hence  form  compounds  of  the  same  type  as  those  containinn- 
the  original  radical.  Thus,  from  C,Ha  may  be  formed  C^CI^,  and 
these,  combining  ivith  oxygen  and  water,  form  C^H^O.+Ao,  or  Ci 
HA  +  Aq.,  and  0^01,0. +Aq.  or  C,CljOa  +  Aq.:  also,  by  uniting 
with  chlorine,  they  produce  CiHaCl.  and  CjClaC!. 

2d.  That  when  bodies  of  the.  same  type,  and  contaiiiing  radicals 
of  the  same  type,  are  subjected  to  the  action  of  strong  affinities,  by 
which  their  constitution  is  broken  «p,  the  resulting  products  are 
constituted  also  upon  the  same  plan,  although  differing  in  composi- 
tion ;  thus  C4H,0„  when  heated  with  potash,  gives  20.0^  and  C^H, ; 
and  C^H.  .  C1,0„  similarly  treated,  gives  2C;0,  and  CjH.Cla ;  the 
types  of  CljH.Ha  and  CaH.Cl,  being  the  same,  and  containing  equiv- 

3d,  When  bodies  of  the  same  chemical,  thoiigh  of  different  me- 
chanical types,  or,  as  I  would  term  them,  bodies  of  the  same  natural 
families,  as  the  alcohols,  are  submitted  to  the  action  of  affinities  of 
equal  power,  the  bodies  generated  have  the,  same  relation  to  one 
another  as  tbe  original  bodies  had;  and  the  radicals  are  either  un- 
changed, or  all  changed  in  a  similar  degree.  Thus  from  wine  alco- 
hol (C^HA),  methylic  alcohol  (aH.O,),  essential  oil  of  potato 
spirit,  GiJHiaOj,  and  ethal,  C^jHaA,  there  are  produced  by  tlie  ac- 
tion of  potash  a  series  of  acids,  each  having  the  sama  type  and 
containing  the  same  radical  as  its  alcohol ;  thus  the  acelic  acid  (G^ 
H,O0,  the  formic  acid  (C.HiOO,  the  valerianic  acid  (C,oH„0,),  and 
the  ethalic  acid,  C^H^A- 

Considered  in  this  way,  the  theory  of  types  is  an  important  ad- 
dition to  our  ideas  on  the  constitution  of  organic  bodies.  It  serves 
to  attach,  under  a  few  very  simple  principles,  numerous  classes  of 
compounds,  whose  composition  would  otherwise  appear  very  com- 
plex and  anomalous,  and  will  probably,  when  applied  to  the  stwdy 
of  such  bodies  as,  not  containing  compound  radicals,  give  only  iheir 
molecular  group  as  a  mass  to  our  examination,  become  a  source  of 
Btill  more  important  additions  to  our  knowledge. 

Although  each  organic  substance  gives,  when  acted  on  by  re- 
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agents,  pioJucts  which  are  characterislic  of,  and  often  peculiar  to 
itself,  yet  there  are  some  general  rules  which,  being  now  noticed, 
■will  obviate  the  ne.cessity  of  much  detail  hereafter. 

When  an  organic  substance  is  treated  with  dry  chiorine,  it  eithei 
combines  directly  with  the  gas,  or,  as  more  frequently  happens,  hy- 
drogen is  removed  to  an  amount  equivalent  to  that  of  the  chlorine 
absorbed.  Ev^n  in  the  first  case,  the  direct  union  is  often  but  ap- 
parent, and  arises  from  the  muriatic  acid  formed  combining  witii 
the  true  product.  Thus  olefiani  gas,  C^H.,  gives  the  oily  liquid  C^ 
H,C1, ;  but  this,  in  place  of  being  a  direct  combination,  consists  of 
CjHaCl.,  which  is  the  true  product  formed  by  substitution  of  CI. 
for  H.,  but  is  united  with  the  H.Cl.  thus  generated. 

If  water  be  present,  ii  influences  tl\e  reaction  very  much,  being 
generally  decomposed.  In  some  cases,  all  tlie  chlorine  unites  with 
Its  hydrogen,  while  the  oxygen  combines  with  the  organic  sub- 
stance ;  but,  generally,  the  chlorine  unites  with  both  elements  of 
the  water,  forming  muriatic  acid,  which  remains  free,  and  hypuchlo- 
rous  or  chlorous  acids,  which  enter  into  the  composition  of  the  or- 
ganic product.  In  other  cases,  again,  the  presence  of  water  does 
not  appear  to  exercise  any  influence. 

When  an  organic  substance  is  treated  with  nitric  acid,  it  is  always 
raised  to  a  higher  degree  of  oxidation.  Very  rarely  does  the  action 
stop  there.  Hydrogen  is  usually  separated,  and  oxygen  put  in  its 
place  ;  while  the  new  products  formed  contain  usually  a  smaller 
number  of  molecules  than  the  original  organic  substance.  Thus 
gum  (CijHjuO,,,),  when  acted  on  by  nitric  acid,  gives,  first,  by  sim- 
ple oxidation,  mucic  acid  (CaHioOts)  j  but,  if  the  action  of  the  acid 
be  move  violent,  all  hydrogen  is  removed,  and  two  atoms  of  oxygen 
substituted,  thus  producing  C,iO,j,  the  elements  of  six  atoms  of  o.t- 
alic  acid. 

In  many  cases,  the  action  of  nitric  acid  is  not  limited  to  the  oxi- 
dation, whether  direct  or  indirect,  of  the  organic  substances ;  but, 
by  the  removal  of  some  hydrogen  from  it,  in  combination  with  some 
of  the  oxygen  of  the  nitric  acid,  water  is  formed,  and  the  nitrogen, 
or  nitric  oxide,  or  nitrous  acid,  combines  with  the  remaining  organ- 
ic elements,  and  forms  new  products.  Thus,  from  napihaline  and 
benzine,  numerous  substances  containing  nitrogen  are  derived. 
This  fixation  of  nitrogen  may  occur  even  with  bodies  which  already 
contain  it;  thus  indigo,  treated  with  nitric  acid,  produces  bodies, 
the  indigolic  and  the  picric  acids,  which  contain  a  larger  proportion 
of  nitrogen  than  the  indigo  itself. 

The  peroxides  of  manganese  and  lead  often  serve  to  oxidize  or- 
ganic bodies  in  a  more  regulated  manner  than  nitric  acid,  the  new 
substance  combining  with  the  protoxide  of  the  metal ;  thus,  by  Pb. 
Oj,  uric  acid  is  decomposed  into  allantoin,  urea,  and  oxalic  acid. 

By  fusion  with  hydrate  of  potash,  the  oxidizement  of  organic 
substances  is  very  powerfully  effected  ;  water  being  decomposed, 
its  hydrogen  evolved,  and  the  oxygen  uniting  with  the  organic  body 
to  form  an  acid,  which  remains  combined  with  the  potash.  Thus 
alcohol,  C,HA  and  2H.0.,  produce  acetic  acid,  C,H,0„  and  H^  be- 
comes free.  '  Often  the  organic  substance  is  merely  broken  up  into 
other  bodies  of  simpler  constitution,  as  when  tartaric  acid,  C^HjOiu 
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by  fusion  with  potash,  is  decomposeiJ  into  acetic  acid,  CJIjCi,  and 
oxalic  acid,  ^(Cfia).  In  every  case,  if  the  temperature  be  much 
raised,  carbonic  acid  is  one  of  the  products ;  thus  acetic  acid  (C^i 
Oj)  separates  into  CHj  and  2C.0i. 

The  actioD  of  sulphuric  acid  on  organic  bodies  may  be  very  dif- 
ferent, according  to  circumstances;  thus  from  starch  we  may  ob- 
tain, by  a  merely  catalytic  influence,  gum,  grape-^gar,  and  ulti- 
mately sacchulmine.  In  these  cases,  the  sulphuric  acid  remains 
totally  unchanged  and  free,  but  generally  it  enters  into  combination 
with  the  organic  body,  either  without  decomposition,  as  in  the  sul- 
phovinic  and  sulphomethylic  acids,  or  else  water  is  formed  by  its 
reaction  on  the  organic  body,  which,  thus  deprived  of  an  atom  of 
hydrogen,  combines  with  hyposulphuric  acid,  SjO^.  It  is  thus  that 
the  sulphurous  element  exists  in  the  sulphobenzoic  acid,  the  isethi- 
onic  acids,  &c. 

If  an  organic  substance  containing-  nitrogen  be  acted  on  by  these 
reagents  at  a  high  temperature,  this  is  generally  separated  under 
the  form  of  ammonia;  water  being  decomposed,  and  its  hydrogen 
so  applied,  while  its  oxygen  forms  the  ordinary  oxidized  organic 
products.  If  potash  be  the  reagent,  the  ammonia  is  expelled,  and  a 
salt  of  potash  with  the  new  organic  acid  remains  ;  if  sulphuric  acid 
be  the  reagent,  the  organic  acid  is  set  free,  and  a  sulphate  of  am 


By  the  action  of  heat  upon  fixed  organic  compounds,  a  variety  of 
products  are  formed,  which  may  generally  be  described  as  formed 
by  the  abstraction  of  a  portion  of  carbon  and  oxygen,  as  carbonic 
acid,  and  of  hydrogen  and  oxygen,  as  water.  Hence  such  pyrogen- 
ic  products  are  always  richer  in  hydrogen  and  carbon  than  the  bod- 
ies they  are  formed  from,  and  of  less  acid  characters.  This  kind 
of  decomposition  will,  however,  require  to  be  described  in  a  dis- 
tinct chapter. 


CHAPTER  XVII. 

or  CARBON,  AND  ITS  COMPOUNDS  WITH  OXVGEN, 

.  Carbon  exists  in  large  quantities,  and  very  extensively  distributed 
in  nature,  as  a  constituent  of  all  vegetable  and  animal  bodies.  It  is 
found,  also,  in  the  mineral  kingdom,  under  forms,  however,  which 
may  he  shown  to  have  originally  been  derived  from  organic  bodies. 
Thus  the  different  varieties  of  coal  have  been  produced  by  the  ag- 
gregation of  great  quantities  of  wood,  the  materials  of  primeval  for- 
ests, which,  being  submerged  in  water,  and  covered  by  the  gradual- 
ly-deposited layers  of  sand  and  mud,  have  been  elevated,  in  connex- 
ion with  the  strata  of  clay  and  sandstone  so  produced,  to  their  pres- 
ent situations.  The  wood  thus  circumstanced  has  undergone  a  kind 
of  decomposition,  which  shall  be  hereafter  fully  noticed,  and  the 
mixture  of  fixed  and  volatile  organic  products,  which  constitute  our 
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coal,  has  thus  its  origin.  Tliis  formation  of  coal,  as  well  as  the 
formation  of  peat  and  turf  at  the  present  day,  almost  at  the  surface, 
is  accompanied  by  a  disengagement  of  carbonic  acid  in  large  quan- 
tity, and  hence  the  probable  source,  in  the  air  and  in  mineral  wa- 
ters, of  that  substance,  of  which,  also,  much  may  be  derived  from 
the  respiration  of  animals. 

A  more  strictly  mineral  form  of  carbon  is  that  of  carbonic  acid 
waited  to  lime,  and  to  other  metallic  oxides,  forming  the  numerous, 
class  of  native  carbonates.  Of  these  the  most  abundant  is  the  car- 
bonate of  lime,  which,  under  the  form  of  chalk,  oolite,  coral,  mount- 
ain limestone,  &c.,  constitutes  a  large  proportion  of  the  geological 
formations  of  our  globe.  In  ail  these  cases,  the  rock  is  formed  of 
shells  of  animals,  aggregated  together  in  great  masses;  these  geo- 
logical formations,  resulting  from  the  collection,  at  the  bottom  of  a 
sea  or  lake,  of  the  spoils  of  myriads  of  generations  of  those  animals, 
which,  by  superincumbent  pressure,  may  be  more  or  less  densely 
aggregated  ;  or  by  proximity  of  igneous  rocks,  may  be  partially  or 
completely  fused,  and  their  organic  characters  obliterated  to  a  great- 
er or  less  degree.  In  this  way  the  crystalline  marbles  are  formed, 
in  which  few  or  no  traces  of  organic  origin  remain.  The  compara- 
tively small  quantity  of  carbonate  of  lime,  which  is  found  separately 
and  distinctly  crystalline,  either  as  arragonite  or  calc  spar,  may  be 
traced  to  the  solvent  action  of  water  impregnated  with  carbonic  acid, 
filtering  through  strata  containing  shells,  and  then  gradually  depos- 
iting, in  favourable  situations,  the  matter  it  had  thus  taken  up,  in 
crystals,  the  form  of  which  depends  upon  the  temperature  at  which, 
they  are  produced  (page  225).  The  other  native  carbonates,  ot 
which  the  quantity  is  very  small  in  comparison  with  that  of  the  car- 
bonate of  lime,  may  have  been  produced  by  double  decomposition. 
Thus  a  water,  holding  carbonate  of  lime  in  solution,  filtering  across 
a  stratum  containing  oxidized  iron  or  copper  pyrites,  would  give 
origin  on  the  spot  to  a  crystalline  deposite  of  sulphate  of  lime,  and, 
at  a  certain  distance,  carbonate  of  iron  or  of  copper  would  be  sep- 
arated. Those  instances  suffice  to  point  out  the  reasons  for  consid- 
ering carbon  as  truly  the  organic  element,  and  that  its  appearance 
in  a  mineralized  condition  arises  from  secondary  actions. 

Carbon  presents  itself  in  a  great  variety  of  forms.  Absolutely 
pure,  it  constitutes  the  diamond,  which,  from  its  exceeding  hardness, 
brilliancy,  and  rarity,  ranks  as  the  first  of  gems.  It  is  found  dis- 
seminated in  alluvial  strata  in  Golconda,  Brazil,  Sec,  and  is  separa- 
ted from  the  sand  and  mud  by  processes  of  washing.  No  deposition 
of  diamond  in  rocks  has  ever  yet  been  found.  It  crystallizes  in 
forms  of  the  regular  system,  generally  having  a  great  number  of 
sides,  bounded  by  curved  edges,  in  virtue  of  which  it  splits  glass 
like  a  wedge,  in  place  of  scratching  it  as  a  file.  Its  crystals  are 
generally  hemihedral,  and  frequently  rough  and  discoloured  at  the 
surface.  These  crystals  all  cleave  parallel  to  the  faces  of  a  regular 
octohedron{ijg./,  p.  26),  but  the  properties  of  the  diamond  separate 
it  completely  from  the  proper  mineral  crystals  of  the  regular  system. 
Thus  it  possesses  double  refraction  in  some  cases;  it  polarizes  light 
ellipticaliy ;  its  structure  has  been  found  by  Brewster  to  consist  in 
layers,  sometimes  containing  cavities,  indicating  that  the  crystal  had 
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been  originally  soft,  and  only  concreted  by  deg-rees;  and  in  tlie  re- 
cent researches  of  Dumas  on  the  atomic  weight  of  carbon,  it  was 
found  that,  when  burned,  diamonds  generally  leave  behind  a  minute 
skeleton  of  inorganic  matter.  These  consideralions  fully  show  that 
the  diamond  derives  its  origin  from  the  decomposition  of  organic 
matter.  The  diamond  is  the  hardest  body  known;  it  cuts  every 
other,  and  can  be  ground  only  by  nieans  of  its  own  powder.  It  is 
(isually  colourles3,but  sometimes  brown  or  rose-coloured ;  its  re- 
fractive power  is  very  great  (2'439},  whence  its  great  brilliancy. 
It  conducts  heat  and  electricity  very  badly;  it  resists  most  chemi- 
cal agents,  but  burns  in  mehed  nitre  brilliantly,  forming  carbonate 
of  potash  ;  it  burns,  also,  when  heated  to  redness  in  osygen  gas,  and 
evolves  sufficient  heat  to  maintain  the  continuance  of  the  combus- 
tion; its  specific  gravity  is  about  3'5. 

Another  very  remarkable  form  of  carbon  is  that  of  plumbago  or 
grap/tite.  This  is  found  in  many  localities,  but  sufficiently  pure  for 
the  purposes  of  the  afts  only  in  Borrodale,  in  Cumberland.  It  is 
perfectly  opaque,  crystallized  in  rhombohedrons,  or  six-sided  ta- 
bles; hut  its  usual  appearance  is  in  brilliant  leaves  or  spangles;  it 
ia  soft  and  unctuous  to  the  touch,  and  gives,  on  paper,  a  continuous 
gray  streak,  whence  its  name  of  blacklead,  and  its  use  in  making  pen- 
cils. Its  formation  appears  to  be  connected  with  the  action  of  iron, 
and  with  a  high  temperature :  it  is  found  only  in  igneous  rocks,  as 
granite  and  mica  slate,  and  contains  almost  always  a  iarge  quantity 
of  iron  intermixed  in  the  metallic  stale,  so  that  it  was  once  sup- 
posed to  be  a  carburet  of  iron.  Graphite  may  be  formed  artificial- 
ly by  adding  charcoal  to  melted  cast  iron;  the  charcoal  dissolves 
largely,  but  on  cooling  is  found  to  separate  in  brilliant  flexible 
plates,  more  or  less  regularly  six-sided.  Graphite  is  lighter  than 
diamond,  its  specific  gravity  being  2*5,  and  it  conducts  heat  and 
electricity  much  better.  It  is  very  hard  to  set  on  fire,  and  does  not 
continue  to  burn  unless  heat  be  applied  from  without. 

Carbon,  in  a  form  more  or  less  mixed  with  foreign  matters,  is 
obtained  by  the  application  of  a  very  high  temperature  to  animal 
or  vegetable  substances  in  close  vessels.  The  kinds  of  carbon  thus 
produced  still  differ  very  much.  Thus  coke  is  obtained  by  heating 
coal  in  iron  retorts  until  al!  the  volatile  products  are  driven  oft', 
and  the  excess  of  carbon  remains  mixed  with  the  earthy  matter 
which  all  coal  contains.  The  properties  of  coke  approximate  more 
or  less  to  those  of  graphite,  according  to  the  temperature  at  which 
it  has  been  produced.  By  the  proximity  of  igneous  rocks  to  coal 
under  the  earth,  a  similar  expulsion  of  its  volatile  matters  may  be 
effected,  and  a  form  of  carbon  nearly  pure,  anthracite,  results.  These 
fuels  are  difficult  to  light,  but,  when  once  ignited,  give  out  an  in- 
tense heat  by  their  combustion. 

If  an  organic  substance,  which  contains  hydrogen  and  carbon,  be 
set  on  fire,  and  there  be  a  copious  supply  of  air,  it  is  totally  con- 
verted into  water  and  carbonic  acid  ;  but  if  the  supply  of  air  be 
limited,  the  affinity  of  the  hydrogen  for  the  oxygen  preponderates, 
ond  no  carbon  is  consumed  until  all  hydrogen  is  converted  into  wa- 
ter. By  this  method  of  imperfect  combustion,  several  forms  of  car- 
bon are  prepared,   such   as   wood-charcoal   and   lampblack.      If  w 
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s  observe  that  at  first 
.vith  flame,  and  that  a 
s  of  charcoal  forms  inside,  and  remains  unaltered  as  long  as,  be- 
ing surrounded  by  flame,  it  is  protected  from  Che  air ;  but  when  the 
end  projects  beyond  the  flatne,  it  ignites  and  burns  away,  leaving 
only  a  trifling  ash.     If,  however,  a  tube  be  taken,  and,  as  in  the  iig- 
ui-e,  as  the  combustion  advances  along  the  stick  i,  the  burn- 
ed portion  a  be  gradually  plunged  into  a  narrow  tube,  this  jJL 
becomes  filled  with  carbonic  acid,  which  does  not  support 
combustion,  and  the  cylinder  of  charcoal  formed  may  thus   > 
be  permanently  preserved ;  on  this  principle  wood-c/ianoal  is 
prepared.     Billets  of  wood  are  heaped  logeiher  regularly,  so 
as  to  form  a  hemispherica!  mass  of  about  fovty  feet  diameter  ; 
in  the  centre  a  hole  reaches  from  the  top  to  the  bottom,  form- 


a  chin 


The 


vith  s 


The 


Whei 


In 


red  up  and 
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ihimney. 
to  render  it  impervious  to  air  except  at  the  bottom,  wher 
some  apertures  are  left.  Burning  charcoal  is  then  thrown 
chimney,  and  the  fire  communicating  to  the  billets,  these  bi 
a  supply  of  air  so  limited  that  the  charcoal 
t!ie  combustion  commencing  at  the  top  and  proceeding  di 
oulside  of  the  heap  is  then  covered  with  denser  sods,  sc 
off  the  supply  of  air  as  the  combustion  proceedi 
boiiization  has  been  completed,  the  whole  mass 
allowed  to  cool  perfectly  before  being  opened, 
most  of  the  charcoal  used  is  obtained  in  the  preparation  ol 
by  the  destructive  distillation  of  wood,  as  will  be  hereafter 
The  quantity  of  charcoal  produced  from  wood  varies  very  much 
with  the  rapidity  of  the  process  ;  the  generality  of  fresh  woods 
yielding  but  tbirteen  ov  fourteen  per  cent,  by  a  rapid  decomposition, 
while,  when  slowly  charred,  they  may  yield  twenty-five  or  twenty- 
six.  The  mode  of  conducting  the  process,  therefore,  must  be  chan- 
ged according  as  the  residual  charcoal,  or  the  volatile  materials,  are 
the  most  valuable  products.  The  charcoal  preserves,  in  a  remark- 
able manner,  the  structure  of  the  wood  from  which  it  is  produced, 
so  that  by  the  microscope  some  of  the  most  delicate  forms  of  vege- 
table organization  may  be  traced  in  charcoal  that  has  been  slowly 
prepared. 

Lampblack  is  formed  by  a  still  more  direct  appiieation  of  ihe  principle  of  ' 
feet  combusiion.    In  Ihe  apparatus  represcntea  in  ih^  li'Tire  "    ' 

furnace  which  is  vaulted  over,  so  thai  all  vapour  fro  n 
may  pass  inio  Ihe  chamber  *,  c,  while  by  some  apertu  es 
a  small  quaniity  of  air  is  allowed  to  sweep  over  its  s  r 
face;  thesidesof  the  round  cliamberare  lined  with  lea  h 
er,  and  above  is  a  eonicil  cover  of  coarse  linen  d 
through  which  the  draught  from  the  furnace  passes,  and 
which,  may  be  lowered  or  raised  by  the  cord  andpul    -- 
A  quantiiy  of  pitch  or  tar  is  placed  in  the  pot 
to  boil;  it  takes  lire,  and,  as  the  quentiiy  of 
has  access  to  it  Is  very  small,  the  hydrogen  alone  bu  n 
and  the  carbon,  being  carried  up  by  the  current  in  a  ve 
finely-divided  state,  is  deposited  on  ihe  sides  and  cov 
as  an  impalpable  powiler. 

minimal  charcoal  is  produced  by  the  deco  n 
position  of  animal  -matters  in  close 
From  its  properties,  which  I  shall  just 


b,  Google 


Ill  large  quantities  for  the  arts,  especklly  from  bones,  and  is  hence 
called  Ivory'black  ov  Bone-black,  The  bones  are  placed  ia  ivon  cyl- 
inders, which  are  arrano-ed,  vertically  or  horizontalJy,  Id  a  furnace, 
in  connexion  with  a  series  of  condensing  vessels  containing'  water  ; 
the  volatile  constituents  of  the  animal  matier  being  expelled  prin- 
cipally as  carbonate  of  ammonia,  of  which  a  lavge  quantity  is  thus 
made,  tbe  excess  of  carbon  remains  in  a  state  of  very  minute  divis- 
ion, mixed  with  tbe  earth  of  bones  (phosphate  of  Jiine). 

Some  of  the  most  important  uses  of  carbon  arc  founded  on  prop. 
erties  which  the  various  forms  of  it  possess  in  different  degrees. 
Its  inflammability  varies  with  its  density  and  closeness  of  aggrega- 
tion ;  being  least  in  graphite,  and  becoming  so  great  when  wood 
charcoal,  prepared  at  a  low  temperature,  has  been  reduced  to  pow- 
der for  the  preparation  of  gunpowder,  as  to  inflame  sometimes  spon- 
taneously, and  give  rise  to  destructive  accidents.  Carbon  possesses 
a  remarkable  tendency  to  unite  with  colouring  and  odorous  substan- 
ces. This  property  is  specially  possessed  hy  ivory-black,  in  conse- 
quence of  the  extreme  degree  of  division  of  its  particles.  When  a 
purely  organic  body  yields  carbon,  the  molecules  of  the  latter  ag- 
gregate themselves  to  a  degree  which  depends  on  the  tcmperatiire; 
and  if,  as  in  wood,  there  be  a  fusible  ash  present,  this  acts  as  a  ce- 
ment, and  diminishes  the  porosity  very  much.  If  the  organic  sub- 
stance be  fusible,  as  starch  or  sugar,  the  closeness  of  texture  of  the 
charcoal  becomes  still  greater,  and  its  utility  less  ;  but  in  bones,  the 
molecules  of  organic  matter  are  separated  by  an  infusible  earthy 
salt,  and  when  carbonized,  the  charcoal  is  obtained  in  the  greatest 
possible  state  of  comminution.  A  still  more  efficient  charcoal  is 
formed  by  calcining  dried  blood,  hoofs,  or  hoi'ns,  with  carbonate  of 
potash,  which  prevents  the  aggregation  of  the  particles  of  carbon, 
which,  the  alkaline  salt  being  washed  out  with  water,  is  left  in  the 
most  active  condition  possible.  In  the  arts,  this  property  is  applied 
to  the  purification  of  sugar  ;  to  clearing  solutions  of  many  oi'ganio 
substances ;  and  barrels  in  which  water  is  to  be  kept  are  charred  on 
the  insides,  in  order  to  remove  any  organic  matter  described  in  the 
water,  which  might  be  liable  to  putrefy. 

The  following  table  contains  some  numerical  results  of  the  rela- 
tive decolorizing  power  of  equal  quantities  of  carbon  in  various 
forms ;  the  first  column  containing  the  number  expressing  the  pow- 
er of  removing  the  colour  of  a  solution  of  indigo,  and  the  second 
column  that  of  a  solution  of  coarse  sugar,  Tjie  power  of  ivory- 
black  is  taken  as  the  standard  : 


Couunon  irury-black 

Well  ignited  lampblack 

IjBmpWack  ignited  with  pot  ashes    . 
Charcoal  from  the  decomposition  of  act 

Starch  ignited  with  pot  ashes 

Blood  ignited  with  phosphate  of  lime 

Ivory-black  d^ested  in  muriatic  acid 

Ivoiy-blaek  digested  in  mnriatic  acid,  and  afterward 

ignited  with  pot  ashes 

Blood  ignited  witli  pot  ashes 
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The  decolorizing  power  is  thus  not  the  same  for  all  bodies.  If 
charcoal  that  had  once  been  used  be  again  ignited,  it  does  not  re- 
cover its  activity,  as  the  colouring  matter  fuses  before  charring,  and 
thereby  lessenis  its  porosity.  Charcoal  possesses  also  a  remarkable 
power  of  absorbing  gases.  If  a  fragment  of  wood  charcoal,  whicli 
bad  been  strougly  heated,  and  allowed  to  cool  without  access  of 
uir,  be  introduced  into  a  tube  containing  ammoniacal  gas,  in  the 
mercurial  pneumatic  trough,  an  imnnediate  absorption  occurs,  to 
the  amount  of  ninety  times  the  volume  of  the  charcoal.  In.  other 
cases  the  absorption  is  not  so  great ;  a  cubic  inch  of  boxwood  char 
coal,  which  is  the  most  active,  absorbing 

49  eubie  inches  of  nitrous  oxide 
35     "  "  carbonic  acit 

9  25  "  osygen. 

1 75  "  hydrogen. 

These  gases  in  this  absorption  undergo  no  chemical  change,  but 
appear  to  be  retained  on  the  surface  of  the  pores  of  the  charcoal  by 
powerful  cohesion,  and  probably  in  the  liquid  form,  as  it  is  such 
gases  as  may  be  rendered  liquid  by  pressure  that  are  absorbed  in 
larger  quantity, 

The  number  expressing  the  atomic  weight  of  carbon  is  not  at 
present  exactly  known.  By  Drs.  Front  and  Thompson  it  was  fixed 
it  seventy-flve  upon  the  o.xygen,  and  six  upon  the  hydrogen  scale; 
but  the  investigations  of  Berzelius  and  Dulong  induced  the  majority 
of  chemists  to  adopt  a  higher  number,  76-4  or  6-13.  The  latest 
experiments  of  Dumas  and  Stass  directed  to  the  determination  of 
this  point,  induce  those  eminent  chemists  to  recur  to  the  original 
number,  75  ;  while  Liebig  and  Eedtenbachar  have  deduced  from 
their  researches  the  numbers  75'8.  Dr.  Clarke,  from  a  re-exami- 
nation of  Berzelius's  results,  finds  that  they  give,  when  corrected 
for  some  minute  sources  of  error,  75'6  ;  and,  until  opinion  becomes 
more  unanimous  upon  this  important  point,  I  shall  assume  as  the 
number  expressing  the  equivalent  of  carbon,  75-6  upon  the  osygen, 
and  6-05  upon  the  hydrogen  scale. 

If  we  admitted  the  truth  of  Duiong  and  Petit's  law  (p.  66,  219), 
connecting  the  specific  heat  with  the  atomic  weights  of  bodies,  we 
should  consider  the  equivalent  of  carbon  to  be  double  that  above 
given,  as  Eegnault  has  found  the  specific  heat  to  be  0-241,  This 
idea  appears  favoured  by  the  fact,  that  it  is  doubtful  whether  there 
really  exists  a  combination  of  carbon  containing  an  odd  number  of 
equivalents,  taking  the  number  as  6-05.  But  the  force  of  this  result 
is  totally  obviated  by  the  fact  that  the  specific  heat  of  carbon  varies 
with  its  state  of  aggregation  so  much,  that  for  poplar  charcoal  it  is 
0'296,  and  for  diamond  but  0-147;  hence  we  cannot  connect  these 
numbers  with  the  chemical  equivalent  of  the  body. 

Notwithstanding  that  carbon  is  absolately  infusible  and  fixed,  yet, 
from  the  variety  of  gaseous  and  volatile  cornpounds  into  which  it 
enters,  and  whose  constitution  is  remarkably  illustrated  by  the  ap- 
plication of  the  theory  of  volumes,  carbon  vapour  is  frequently  spo- 
Ifen  of  by  chemists,  aithough  its  existence  is  purely  hypothetical. 
I  have  mentioned  (p.  215)  the  difference  of  opinion  as  to  its  specific 
Ppp 
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gravity,  which  I  assume  at  843.  The  new  results  would  appear  to 
show  that  it  is  really  but  836-8  upon  the  one,  or  4184  upon  the 
other  view. 

General  Principles  of  Organic  Analysis. 

Substances  which  contain  much  carbon  are,  in  general,  easily  recognisua,  by  then 
being  more  or  tes.s  combustibie,  and  forming  carbonic  acid  when  bumeri,  besides 
often  leaving  a  carbonaceous  residue.  Even  where  ihe  bodies  are  not  infianimable 
simply,  they  deflagrate  more  or  leas  violently  wlien  heated  with  nitre,  aad  ibrm  car- 
bonate of  potash. 

Although  it  is  not  within  Ibe  scope  of  the  present  work  lo  embrace  the  details  ot 
chemical  analysis,  it  would  yet  be  improper  to  omit  a  general  description  of  the 
methods  adopted  for  the  determination  of  the  quantities  of  carbon,  hydrogen,  and  ni- 
trogen, which  enter  into  the  constitution  of  organic  bodies.  The  general  principle 
upon  which  this  process  is  carried  out,  consists  in  supplying  osvgen  so  abundantly 
to  the  Otganie  substance,  as  that  all  ils  carbon  shall  be  converted  into  carhonie  acid, 
and  all  ils  hydrogen  into  water,  ajidyet  the  supply  of  oxygen  shali  be  so  graduated, 
and  the  decomposition  so  regularly  progressive,  as  to  admit  of  the  products  being 
collected  with  accuracy.  The  nitrogen  is  always  determined  by  an  independent 
operation,  in  which  the  other  elpments  are  neglected;  aiid,  ajihough  processes  have 
been  proposed  which  provided  for  a  direct  valuation  of  the  oxygen,  it  is  found  in 
practice  better  to  obtain  its  value  by  subtraeiing  the  weight  of  all  the  other  eonsiit- 
nents  Ccorn  that  of  the  substance  employed,  for  the  analysis  of  an  organic  sub- 
stance, there  are,  therefore,  two  processes ;  the  first,  to  determine  the  carton  and  hy- 
drogen, and  the  second  to  determine  (he  amount  of  nitrogen. 

Tlie  substance  generally  used  to  supply  oiygen  is  the  black  oxide  of  copper,  pre- 
pared by  gently  igniting  IJie  nitrate.  Sometimes  chromate  of  lead  is  employed,  par- 
ticularly for  l)odies  rich  in  chlorine.  Wliere  the  substance  to  be  analyzed  burns 
with  difficulty,  it  is  often  necessary,  m  order  lo  be  certain  of  the  complete  combus- 
lion  of  ihe  carbon,  to  pass  a  sli'eam  of  oxygen  gas  over  it  at  the  lermmation  of  the 

n  inches  long,  and  from 
e  third  to  half  an  inch 
be  drawn 
le  end  to  a  point 
which  is  to  be  sealed  and 
turned  up','  as  in  the  fig- 
ure. Some  oxide  of  copper  (or  chromate  of  lead,  as  the  case  may  be)  is  to  be  then 
poured  in  so  as  to  occupy  about  two  inclies  of  [he  tube  next  the  lioltom.  As  much 
oxide  of  copper  as  will  occupy  about  six  inches  of  the  lube  is  to  be  then  intimately 
mixed  with  the  substance  to  be  analyzed,  if  it  be  solid,  by  rubbing  in  a  mortar,  and 
this  mixture  then  introduced.  The  mortar  is  next  to  be  rinsed  out  with  as  much  ox- 
ide of  copper  as  will  fill  two  or  three  inches;  and,  finallv,  pure  OJiide  of  copper  is  to 
be  placed  for  about  three  inches  in  front  of  all.  The  whole  materials  thus  intro- 
duced will  occupy  about  fourteen  inches  of  the  lube,  when  it  is  shaken  down  by  tap- 
ping it,  nearly  horizontally  on  the  edge  of  a  table,  so  as  to  leave,  as  in  the  figure, 
whei-e  the  dotted  lines  mark  the  spaces  of  the  several  portions,  a  free  passage  alwve 
the  materials  from  end  to  end  of  the  tube.  In  these  operations  the  greatest  cars 
must  be  taken  to  avoid  all  access  of  moisture;  the  tiibe,.the  mortar,  and  Ihe  sub- 
stance mtist  be  made  absolutely  dry,  and  the  oxide  of  copper,  being  powerfully  hy- 
groscopic, should  be  ignited  before  each  operation,  and  allowed  to  cool  under  a  bell 
glass  with  a  capsule  of  oil  ofvitriol,orbybeingplaced  while  very  hot  in  a  long  dry 
lube,  which  is  then  to  be  corked  completely  tight.  After  the  substance  and  oxide  of 
copper  have  been  pJaced  in  the  tube,  il  is  generally  necessaiy  to  remove  even  the  tra- 
ces of  damp  which  might  have  been  absorbed  by  exposure  to  the  air  during  the  mix- 
ing in  the  mortar.  TMs  is  done  by  means  of  a  small  exhausting  syringe,  which  is 
attached  to  the  combustion  lube  by  a  cork,  a  tube  containing  fused  chloride  of  cai- 
clum  being  interposed.  The  combustion  lube  is  bedded  m  warm  sand,  and  ly 
means  of  the  syringe,  the  damp  air  it  contains  is  withdrawn,  and  replaced  by  air, 
which,  passing  over  the  chloride  of  calcium,  becomes  completely  dry.  After  a  lew 
repetitions  of  tiiis  process,  all  moisture  is  removed,  and  the  combustion  tube  is 
ready  to  be  attached  lo  Ihe  other  parts  of  the  apparatus. 

~  ""         are,  1st,  a  tube  of  the  form  repre- 

n  the  figure,  into  which  a  liltle  cot- 

ton  ivool  is  dropped  at  a,  aud  it  is  then  filled 


b,  Google 


ANALYSIS     OF    ORGANIC     BODIES.  483 

with  recenily -fused  chloride  of  calcium  in  fragments  of  ilie  size  of  a  splii  pea,  Al  *  a 
lilEle  coLioii  wool  is  aJso  placed,  and  a  sm,.!!  tube  is  connected  wilh  it  by  a  cork. 
To  ils  smallei  end  a  cork  is  adapied,  which  accurately  lits  ihe  end  of  the  combus- 
tion tuhe,  and  which  has  been  catefuUy  dried.  Tliis  apparatus  (but  without  the  last 
cork)  is  caxeftilly  weighed  belbre  the  operaUon. 

The  second  apparatus  is  ihs  ptiiasA  milb-l/uiK,  the  invention  of  which  by  Liebigwas 
the  f^at  cause  of  the  rapid  progress  of  organic  chenaislty  within  the 
last  few  years,  as  it  tacilitated  the  aualrsiE  of  organic  bodies  in  a  re- 
markable degree.  It  consists  of  a  tube  oa  wMch  are  blown  live 
bulbs;  the  three  interior  communicating  by  pretty  wide  openings,- 
but  each  ouier  bulb  separated  from  the  others  by  a  couple  '  " 

of  tube.    The  piopoHions  of  tlie  respeetii-e  bulbs  maybe 

from  the  figure,  which  represents  also  the  form  into  which  rfie  tube  ■ 
is  bene.  TMia  three  central  bulbs  are  to  be  neafly  filled  with  a  stvoog 
solution  of  eanstic  potash  (sp.  gr.  1-35),  and  the  apparaffls  attached  (o  tlie  small 
ti^e,  A,  of  the  wder  tmhe  by  a  caoutchouc  connector  ued  very  carefully  on.  It  is  to 
be  allowed  to  incline,  at  the  angte  represented  in  the  next  figure,  so  thai  the  carbonic 
acid  ^as,  when  passing  through  it,  f.hail  bubble  from  bulb  to  bulb,  wiUiout  any  dan- 
ger ol  expelling  any  portion  of  the  liquor. 

The  combustion  tube  is  to  be  placed  in  a  sheet  iron  furnace,  the  form  and  size  of 
which  may  be  collected  from  the  figure,  ils  open  end  so  iar  projecting  {\\  inches)  ai 


tlial  the  cork  by  which  the  water  Iqbe  is  attached  shall  not  be  in  any  danger  of  be- 
ing charred,  bul  yet  shall  be  so  hot  that  no  water  cnn  condense  upon  it.  The  joint- 
ings being  found  to  be  completely  tight,  and  the  water  tube  and  potash  bulbs  being 
attached,  and  arranged  as  in  the  figure,  the  analysis  maybe  proceeded  with.  Some 
ignilFd  charcoal  is  to  be  placed  round  the  first  three  inches  of  the  tube,  and 
when  the  pure  oiide  of  copper  is  completely  red-hot,  the  next  portion,  which,  having 
rinsed  out  the  mortar,  contains  some  traces  of  the  organic  substance,  is  to  be  simi- 
larly ignited.  The  hydrogen  of  the  substance  reduces  the  oxide  of  copper,  and  forms 
water,  which  is  collected  by  the  chloride  of  calcium  in  the  water  tube,  and  the  car- 
bon, also  reducing  the  oxide  of  copper,  is  converted  into  carbonic  acid,  which,  being 
dried  in  passing  over  the  chloride  of  calcium,  is  totally  absorbed  by  the  potash  in  the 
bulbs.  By  the  addition  of  burning  charcoal,  the  combustion  of  the  organic  matter 
is  made  to  progress  down  the  tube,  the  ojieratorbein^  directed  in  his  proceedings  by 
the  rate  at  which  the  evolution  of  carbonic  acid  and  its  absorption  proceed,  until  he 
arrives  within  two  ladies  of  the  end  of  the  tube.  He  then  stops  until  he  has  made 
the  point  and  the  pure  oxide  of  copper  near  it  red-hot,  and  then,  closes  in  the  char- 
coal on  the  remaining  space. 

The  combustion  being,  thus  completed,  the  tube  remains,  however,  occupied  by  a 
mixture  of  watery  vapour  and  carbonic  acid,  which  must  not  be  lost;  for  this  the 
point  of  Ihe  tube  serves.  It  is  broken  with  a  nippers,  and  then  a  current  of  air  is 
gfintly  sucked,  by  means  of  a  tnbe  fitted  to  the  potash  hu lb-tube,  through  the  whole 
apparatus ;  this  carries  the  water  vapour  to  the  water  tube,  and  the  carbonic  acid  to 
the  potash,  so  that  al!  the  products  of  the  combustion  are  obtained.  The  apparatus 
is  then  taken  asunder,  and  the  potash  tube  and  water  tube  weighed;  the  increase  of 
weight  gives,  of  course,  the  quantities  of  carbonic  acid  and  of  water  collected,  ai5d 
hence,  by  simple  calculation,  the  proportions  of  carbon  and  hydrogen  contained  in 
the  quantity  of  substance  that  had  been  operated,  on. 

If  ihe  substance  had  been  one  very  difficult  to  bum,  and  hence  requiring  oxygen 
to  finish  its  combustion,  the  tube  is  not  drawn  out  at  lie  end,  but  widened  a  Utile,  so 
as  to  form  a  small  bulb,  in  which  some  chlorate  of  potash  is  placed.  At  the  end  of 
As  process,  this  being  heated  evolves  oxy^n,  which  not  only  burns  any  traces  of  car-, 
bon  that  might  remain,  but  serves  also  to  carry  the  carbonic  acid  and  vapour  fully 
Into  the  water  tube. and  bulbs. 

There  areavariety  of  circumstances  to  be  attended  lo  in  this  operation,  in  order  to 
obtain  the  high  degree  of  accuracy  which  alone  confers  value  on  numerical  results. 
These  can  be  learned  iMi.^r  in  the  laboratory,  and  not  even  from  the  most  detailed  i!e- 
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Tlie  peculii 


■riplion.    My  object  is  merely  to  afford  an  idea  of  lie  general  principles  of  Ihe 

If  llie  substance  io  be  analyzed  be  liquid  and  vol- 
atile, it  is  iniioduced  into  small  bulbs  ul'  the  size  of 
the  ligure,  by  the  method  given  in  page  11.    There 
are  generally  two  of  these  bulbs,  one  placed  about 
ches  Irom  the  sealed  end  of  the  tube,  as  shown  in  the 
the  litLle  stem  is  broken 
in  the  act  of  introducing 
them,  so  that  the  liquid  may 
easily  flow  ou:,  when,  by  i1m 
.         h  of  a  piece  cf  red-hot  charcoal,  it  is  geiilly  heated,  so  as  to  fonn  a  vapour. 
Tlie  peculiar  precautjui.s  necessary  in  the  management  of  the  analysis  of  such  bod- 
ies, and  the  methods  adopted  for  uon-volaiile  liquids  and  other  bodies  of  peculiai 
Sruperties,  can  only  be  learned  by  experience,  and  do  not  fall  within  my  purpose  to 
escribe. 

To  determine  the  nitrogen  of  an  organic  substance,  a  long  combustion  lube  is 
lalien  (3  or  2-5  feet),  sealed  at  one  end,  but  Bol  drawn  out,  as  ia  the  ligure.    Neit 


ibe  sealed  end  is  placed  carbonate  of  copper  for  a  space  of  six  or  eight  inches,  snd 
then  the  pure  oxide  of  copper,  the  mixture,  the  rinsing  of  the  TDoriar,  and  again, 
pure  oxide,  occupying  fourteen  or  fifteen  inches,  exactly  as  in  the  former  ease;  in 
&ont  of  all,  five  or  six  inches  are  occupied  by  clean  metallic  copper  in  a  finely-di- 
vided state,  either  as  reduced  by  hydrogen  from  the  oxide,  or  as  vety  thin  turaings. 
These  divisions  and  (he  general  form  of  the  tube  are  given  by  the  figni«.  To  the 
combustion  tube  there  is  fitted  by  a  tight  corb  a  quill  tube,  whicii  is  in  connexion 
on  the  one  hand  with  an  exhausting  syringe,  and  then,  by  a  vertical  lube  more  than 
thirty  inches  long,  passes  to  the  mercurial  pneiunalic  trough.  All  the  joinings  being 
found  tight,  and  tlie  combustion  tube  arranged  in  the  furnace,  red-hot  charcoal  is  ap- 
plied to  the  closed  end  of  the  tube,  where  it  disengages  carbonic  acid  from  the  carbon- 
ate of  copper,  which,  sweeping  through  tie  apparatus,  expels  Ihe  atmospheric  air. 
To  render  this  the  more  efiectnal,  the  whole  apparatus  is  exhausted  by  the  syringe, 
and  again  filled  with  carbonic  acid,  and  this  iS  continued  until  the  bnbbles  of  gas 
which  come  over  are  perfectly  absorbed  by  solution  of  potash.  In  this  expulsion  of 
the  air  of  the  apparatus,  not  more  than  one  half  of  the  carbonate  of  copper  should 
have  been  used. 

The  fire  is  now  to  be  withdrawn  fium  the  closed  end  of  the  tube,  and  applied  to 
the  part  occupied  by  the  metallic  copper.  When  this  is  red  hot,  the  combustion  is 
carried  backward,  just  as  in  Ihe  former  example ;  and  when  all  the  substance  has 
been  burned,  the  coals  are  applied  to  tiie  remaining  carbonate  of  copper,  which, 
evolving  carbonic  acid,  clears  out  all  the  nitrogen  of  the  apparatus,  jusl  as  it  had  in 
rite  commencement  cleared  out  all  the  atmospheric  air.  The  mixai  gases  (hat  are 
produced  in  this  operation  are  received  in.  a  bell-glass  which  contains  some  strong 
solution  of  potash,  by  which  the  carbonic  acid  is  absorbed,  and  the  nitrogen  remain- 
ing may  then  he  measured.  The  volume  of  gas  is  next  to  be  corrected  for  temper- 
ature and  pressure,  as  directed  in  p.  57  and  SO,  and  its  weight  then  calculated. 

The  Ttse  of  the  metallic  copper  in  the  front  of  the  mixture  requires  notice ;  when 
nitrogen  passesoverred-holoxideof  copper,  there  is  always  some  nitric  oxide  Ibrm- 
ed,  which  would  falsify  the  result,  as  its  volume  is  double  that  of  the  nitrogen  it  con- 
tains ;  btit  nitric  oxide  is  completely  decomposed  by  red-hot  metallic  copper,  pure 
nitrogen  being  evolved,  and  hence  the  jinrily  of  the  resulting  gas  is  secured  bv  this 
arrangement.  Indeed,  in  all  combustions  of  an  azotiied  body,  the  mixttite  should 
have  some  bright  metallic  copper  in  front  of  it 

The  direct  valuation  of  nitrogen  is  thus  a  very  delicate  operation,  and  occupies 
several  hours.  If  the  substance  contain  a  lai^  QTianlity  of  nitrogen,  its  amount 
inay  be  indirectly  ascartained  in  a  much  simpler  way.  The  quantity  of  carbon  in 
the  substance  is  first  learned  by  an  ordinary  analysis,  then  another  combustion  tube 
is  arranged  with  veiy  clean  copper  in  front;  but,  in  place  of  adapting  the  water  tube 
and  bulb-j,  the  water  is  taken  no  count  of,  and  the  gases  evolved  are  collected  in 
narrow  graduated  tubes,  over  mercury.  In  order  to  clear  out  the  air  from  the  tube, 
some  of  the  mixture  next  the  sealed  end  is  first  ignited,  and  the  gas  allowed  to  es- 
cape, the  tubes  being  filled  from  the  products  of  the  subseqtient  periods  of  comhus- 
tiun.  In  this  case  no  weights  need  be  attended  to,  as  it  is  only  the  analysis  of  the 
gas  in  the  t  .bes  that  is  required  for  the  result.    The  volume  of  gas  in  a  lube  being 
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marked,  some  solution  of  poiash  is  introduced  and  agltaied  in  it.  Ttie  carbonic 
acid  is  absorbed,  and  the  niirogen  remains,  the  volume  of  which  is  read  oif,  taking 
ciire  th^t  the  Level  of  the  uiercurj  is  the  same  inside  as  outside  the  Uibe.  I'he 
relative  volumes  of  the  carbonic  acid  and  nitrogen  gases  are  thusfbondj  and  as  an 
equal  volume  represents  an  atom  for  each,  the  relative  number  of  atoms  of  carbon 
and  nitrogen  is  thus  determined;  and  as  the  total  quantity  of  carbon  is  known  by  a 
previous  ejiperimenl,  the  total  quantity  uf  nitrogen  may  be  calculated.  When  the 
reliitioQ  of  the  number  of  atoms  of  carbon  to  those  of  nitrogen  Is  simple,  as  occurs 
in  cyanogen  and  oiamide,G5NTmellon,C3Ni,  caffeine  andlaiiiiiie,C4N.,  this  method 
gives  very  accurate  results. 

Where  liie  orgatiic  substance  contauis  chlorhie,  sulphur,  arsenic,  &c.,  it  is  to  he 
destroyed  by  nitric  acid,  or  by  fenition  with  potash  or  lime,  and  the  inoiganic  con-  - 
_.: .L.„  J ;_.j  .-_  .!,„  ,_j: i„ :,  gg|[j  |]jg  nje^aHjg  [lasis 


tailed  description.. 

Of  Carbonic  Jlcid.     Eq.  275-6  or  22-05. 

Carbonic  acid  exists  in  ihe  atmosphere  as  a  product  of  combus- 
tion and  of  ihe  respiration  of  animals.  Combined  with  metallic 
oxides,  it  forms  the  numerous  class  of  native  earthy  and  metallic 
carbonates,  of  which  the  carbonate  of  Jime  is  much  the  most  impor- 
tant. It  is  a  result,  also,  of  the  slow  decomposition  of  most  vege- 
table Bnbsfances,  and  is  evolved  in  gTeat  quantity  from  the  ground 
in  volcanic  countries.  In  (he  fermentation  of  sugiir  it  is  produced 
in  abundance  along  with  alcohol.  For  the  purposes  of  tlie  chemist, 
it  is  generally  prepared  by  decomposing  marble  or  calc  spar  by 
means  of  any  stronger  acid ;  from  its  cheapness,  and  the  solubility 
of  the  residual  salt,  muriatic  is  generally  employed.  Some  frag- 
ments of  white  marble  being  placed  in  a  wide-necked  bottle,  the 
acid,  diluted  with  its  own  volume  of  water,  is  poured  in  by  a  funnel 
tube,  as  in  the  figure,  p.  247,  and  the  gas  which  is  evolved  is  con- 
ducted by  the  bent  tube,  to  be  made  use  of  as  required.  The  re- 
action consists  in  H.Cl.and  Ca.O, .  CO^  producing  H.O.  and  Ca.Cl., 
which  remains  in  the  bottle,  while  CO^  is  driven  ofi^.  Carbonic  acid 
being  dissolved  by  water,  and  it  being  generally  required  ia  larger 
quantity  than  it  is  convenient  to  collect  over  mercury,  we  take  ad- 
vantage of  the  density  of  the  gas  to  collect  it  in  dry  jars,  as  de- 
scribed and  figured  for  chlorine  in  p.  301.  The  jar  is  known  to  be 
full  when  a  lighted  taper,  applied  near  the  mouth,  is  instantly  ex- 
tinguished. 

The  properties  of  carbonic  acid  are  very  remarkable;  it  is  per- 
fectly colourless  and  invisible  ;  it  is  irrespirable,  producing,  when 
an  attempt  is  made  to  breathe  it,  violent  spasms  of  the  glottis.  If 
it  be  inspired,  mixed  with  air,  even  in  the  proportion  of  1  to  10,  it 
gradually  produces  stupor  and  death,  acting  as  a  narcotic  poison. 
Its  specific  gravity  is  I'521.  It  hence,  when  disengaged  in  large 
quantities,  whether  by  natural  operations  or  in  processes  of  manu- 
facture, accumulates  in  all  cavities  within  its  reach,  and  may  cause 
fatal  accidents  to  animals  who  enter  unadvisedly.     Thus  workmen 
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engaged  in  cleaning  out  dry  wells  or  vaults,  or  the  Inrge  vats  from 
which  fermenting  liquors  have  been  run  off,  should  carefully  ob- 
serve whether  a  candle  can  remain  for  some  time  bui-ning  brightly 
at  the  bottom.  In  volcanic  countries,  caverns  are  frequently  occu-. 
pied  to  the  level  of  their  surface  by  this  gas,  exhaled  from  the 
ground  ;  and  an  experiment  often  tried,  to  amuse  the  traveller,  con- 
sists in  walking  into  such  a  cavern  with  a  dog,  which,  holding  the 
head  near  the  floor,  is  almost  instantly  asphixiated  by  the  layer  of 
carbonic  acid,  while  the  men,  whose  heads  are  above 'its  level, 
breathe  pure  air  j  the  dog,  on  being'  thrown  immediately  into  a 
neighbouring  pond,  recovers  from  his  stupor.  Carbonic  acid  does 
not  support  combustion.  A  taper  plimged  into  a  jar  full  of  the  gas 
is  instantly  extinguished,  and  the  high  specific  gravity  of  the  gas 
may  be  well  shown  by  placing  a  lighted  taper  at  the  bottom  of  a  jar 
.  containing  jyr,  and  taking  in  the  hand  another  jar  containing  car- 
bonic acid;  onincliaing  this  jar,  the  heavy  gas  pours  over  the  edge, 
nearly  as  water  would  do,  into  that  in  which  the  taper  is  placed, 
and,  falling  to  the  bottom,  extinguishes  it. 

Water  dissolves  its  own  volume  of  carbonic  acid  gas,  forming  a 
solution  of  an  agreeably  acidulous  taste,  which  sparkles  when  agi- 
tated ;  it  colours  blue  litmus  paper  of  a  wine-rnd, Which  disappears 
on  exposure  to  the  air  or  by  heat.  By  means  of  pressure,  water 
can  be  made  to  absorb  a  large  quantity  of  carbonic  acid,  which  es- 
capes with  effervescence  when  the  pressurt  is  removed,  and  is  thus 
the  basis  of  a  variety  of  agreeable  effervescing  beverages.  Solution 
of  carbonic  acid  in  water  precipitates  solutions  of  lime  and  barytes 
white,  forming  carbonates,  which  ledissolve  ia  an  excess  of  the  car- 

ITnder  a  pressure  of  thirty-six  atmospheres,  carbonic  acid  may 
be  liquefied.  It  then  forms  a  colourless,  exceedingly  mobile  liquid, 
of  specific  gravity  0-83  at  32%  whif.'h  is  remarkable  for  its  exces- 
sive expansibility  by  heat,  it  having  four  times  that  of  air,  or  nearly 
one  per  cent,  for  each  degree  of  Fahrenheit.  When  the  pressure 
is  suddenly  removed  from  this  liquid  acid,  it  gaseSes  with  such  ra- 
pidity that,  one  portion  absorbing  heat  from  the  other,  this  latter  is 
rendered  solid  (see  page  86),  Solid  carbonic  acid  can  thus  be  ob- 
tained in  large"  quantity  by  the  apparatus  contrived  by  Thilorier, 
Itisawhitebody,  in  filamentous  masses,  like  ashestus;  it  evaporates 
tilt  slowly  ;  it  is  very  soluble  in  alcohol  and  ether  j  the  ethereal  so- 
lution produces  by  its  evaporation  the  most  intense  cold  known,  es- 
timated at  — 180  degrees  of  Fahrenheit. 

The  composition  of  carbonic  acid  may  be  determined 
by  very  simple  experiments.  If  into  a  bottle  of  pure  ox- 
ygen gas  we  insert  a  little  bit  of  charconi,  ignited  at  one 
point,  at  the  end  of  the  wire  o,  as  in  the  figure,  it  burns 
with  vivid  scintillations,  and  the  oxygen  is  all  converted 
into  carlonic  acid.  Tbe  stopper  of  the  bottle,  through 
which  the  wire  passes,  being  perfectly  tight,  it  will  be 
found  that  the  volume  of  the  gas,  when  cold,  has  not 
sensibly  altered,  and  thus  that  carbonic  acid  contains  its 
own  volume  Of  oxygen.     !t  ci-nsists,  therefore,  of 
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Two  volumes  of  oxygen     .     1102  6x^=220.i  3 

One  volume  of  carbun  vapour    ....    8430 

Forming  Iwo  volumes  of  carbonic  acid    S-H3043  3 

Of  wliich  one  volume  weighs,  therefore,    =:1534  1 

The  corrected  specific  gravity  of  carbonic  acid,  1-521,  indicates 
that  the  theoretical  density  of  carbon  vapour  should  rather  be  tiikea 
as  S36  than  843. 

To  demonstrate  the  existence  of  carbon  in  carbonic  acid  gas,  it 
is  sufficient  to  heat  to  dull  redness,  in  a  current  of  the  gas,  a  small 
globule  of  potassium.  The  metal  tates  fire,  burning  with  a  brilliant 
violet  flame,  and  forms  potash,  while  carbon  is  abundantly  deposit- 
ed .as  a  brilliant  jet-black  him  on  the  interior  of  the  tube. 

Carbonic  acid  combines  with  the  bases,  forming  a  very  important 
class  of  salts,  the  carbonates.  It  forms  neutral,  basic,  ana  acid  salts, 
whicli  last  are  really  double  salts,  containing  carbonate  of  water, 
which,  however,  exists  only  in  combination,  as  the  carbonic  acid 
does  not  combine  with  water  directly  in  delinite  proportions.  All 
salts  of  carbonic  acid  are  known,  hy  yielding,  when  acted  on  by 
muriatic  acid  in  the  cold,  the  gas  possessing  the  properties  now 
described. 

Carbonate  of  Potask.—K.O. .  C.Oj.  Eq.  S66-3  or  (i94.  This  salt, 
which  is  the  great  source  of  all  other  combinations  of  this  alkali,  is 
obtained  for  the  purposes  of  commerce  from  the  ashes  of  plants 
growing  at  a  ilislance  from  the  sea.  The  vegetable  juices  contain 
potash,  combined  with  various  acids,  as  the  nitric,  oxalic,  acetic, 
malic,  &c.,  which,  by  the  burning  of  the  wood,  are  converted  into 
carbonates.  The  produce  differs  according  to  the  kind  of  wood, 
and  with  the  season.  The  softer  and  more  juicy  the  plants  are,  the 
more  potash  they  yield.  Plants  of  the  natural  families  compositte 
and  cruciferce  are  the  richest;  the  grasses  rank  next;  and  among 
the  woods,  the  leaves  yield  more  than  the  small  branches,  and  these, 
again,  more  than  the  stems.  In  countries  where  there  are  large 
forests,  as  America  and  Russia,  the  small  wood  is  burned,  and  the 
ashes  collected ;  these  are  boiled  with  water  in  large  iron  pans  or 
pots,  from  whence  the  name  potash  ia  derived.  By  this  means,  a 
large  quantity  of  insoluble  salts  is  separated,  and  the  carbonate  of 
potash,  which  dissolves,  is  obtained  in  a  purer  form  by  evaporation 
to  dryness.  It  then  constitutes  the  /(^ar/os^M,  or  refined  potashes 
of  commerce.  Even  these  still  retain  much  silica,  sulphate  of  potash, 
and  chloride  of  potassium,  so  that  the  best  American  pearlashes  sel- 
dom contain  more  than  eighty-five  per  cent.,  and  Eussian  potash 
often  not  sixty  per  cent,  of  true  carbonate  of  potash. 

The  purification  of  pearlashes  being  difficult,  carbon- 
ate of  potash  is  best  prepared  for  chemical  purposes  by 
calcining  cream  of  tartar ;  the  tartaric  acid  which  it  con- 
tains is  decomposed,  and  carbonic  acid  formed,  which   , 
combines  with  the  potash;  the  mass  is  digested  v 
water,  filtered  to  separate  the  excess  of  charcoal,  i         ^ 
evaporated  to  dryness  in  a  clean  iron  vessel.     A  white 
granular  mass  is  obtained,  the  salt  of  tartar  of  the  older 
pharmacopccias.     It  is  very  deliquescent,  soluble  in  half 
its  weight  of  water,  and  crystallizes  with  two  atoms  of  v 
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oblique  rhombic  octohedrons,  a,  a',  a,  a'",  as  in  the  figure  (K.O. 
C.O2-I-2  Aq.).  It  reacts  strongly  alltaline.  It  is  almost  insoluble  in 
alcohol,  and  when  added  to  weak  spirit,  combines  with  the  excess 
of  water,  forming  a  heavy  fluid,  which  remains  separated  from  the 
lighter  and  stronger  alcohol  above. 

As  it  is  only  the  carbonate  of  potash  that  constitutes  the  vahie  of 
pearlashes  in  the  manufactures  to  which  it  is  applied,  it  is  important 
to  be  able  to  determine,  by  a  single  and  simple  operation,  the  relative 
worth  of  commercin!  samples.  This  process  is  termed  alkalimetry. 
The  best  method  of  performing  it  will  be  described  under  the  head 
of  "Carbonate  of  Soda." 

Bicarbonate  of  Potash,  K.O. .  COj  +  H.O. .  CO^,  is  formed  by  passing 

a  current  of  carbonic  acid  gas  through  a  saturated 

solution  of  the  neutral  carbonate,  the  temperature 

of  which  should  not  be  above  100^.     On  cooling, 

it  crystallizes  in  right  rhombic   prisms  of  eight 

sides,  as  in  the  figure.     It  dissolves  in  four  parts 

of  cold  water,  and  in  much  less  when  hot.     If  its 

solution  be  boiled,  it  abandons  its  second  atom  of 

carbonic  acid,  and  becomes  neutral  carbonate.     Its 

reaction  on  vegetable  colours  is  feebly  alkaline. 

Carbonate    of  Sodx— Na.O.  .  0.0^+10  Aq. ;  Eq.  667-3 +  1125  or 

53'4<74-90~is  manufactured  upon  a  very  large  scale,  for  the  purposes 

of  commerce,  from  common  salt,  which  must  first  be  converted  into 

sulphate  of  soda  in  the  manner  described  in  page  427. 

The  dry  sulphate  of  soda  is  to  be  mixed  with  its  own  weight  of 
limestone  or  chalk,  and  half  its  weight  of  small  coal,  and  the  mix- 
ture being  reduced  to  fine  powder,  is  introduced  into  a  reverbera- 
tory  furnace,  such  as  is  figured  in  page  333,  in  charges  of  about  2  cwt. 
each.  After  being  exposed  to  a  full  red  heat  for  about  an  hour,  on 
the  floor  of  the  furnace,  the  mass  fuses,  and  being  well  stirred  for  a 
few  minutes,  is  raked  ofl^  through  the  opening  in  the  side,  and  re 
ceived  in  metal  boxes.  It  forma  a  black  mass,  which  is  known  iv 
commerce  as  6lack-asA,  or  British  barilla.  The  theory  of  this  process 
is  very  remarkable;  the  sulphate  of  soda  being  melted  in  contact 
with  the  coally  matter,  is  deoxidized,  its  oxygen  being  carried  oif  by 
the  carbon,  and  sulphuret  of  sodium  remaining.  This  is  immediately 
decomposed  by  the  carbonate  of  lime,  sulphuret  of  calcium  and 
carbonate  of  soda  being  produced.  S.O,  .  Na.O.  and  2C.  form 
2C.0,  and  Na.S.,  which,  with  Ca.O. .  CO,,  gives  Ca.S.  and  Na.O. .  C. 
Oj.  As,  however,  much  of  the  carbonic  acid  of  the  chalk  is  expelled 
by  the  heat,  a  certain  quantity  of  tho  soda  remains  caustic  in  the 
produce,  and  also  some  sulphuret  of  sodium  undecomposed.  This 
black-ash  generally  contains  about  22  per  cent,  of  real  alkali.  To 
obtain  the  soda  under  a  purer  form,  the  masses  of  black-ash  are 
broken  up,  and  digested  in  warm  water  until  all  soluble  matter  is 
extracted.  The  residue  consists  of  sulphuret  of  calcium  and  the 
excess  of  coally  matter.  The  liquor  is  then  evaporated  to  dryness, 
and  the  saline  mass  obtained  is  calcined  in  a  reverheratory  furnace 
with  one  fourth  of  its  weight  of  sawdust,  in  order  to  convert  all  of 
the  alkali  into  carbonate,  and  to  burn  out  some  traces  of  sulphur 
which  still  remain ;  on  being  then  redissolved  in  water,  aod  the  clear 
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solution  dried  down,  it  constitutes  white-ask,  or  soda-ask  of  the  beat 
quality,  containing  from  45  to  50  per  cent,  of  real  alkali. 

For  the  preparation  of  the  crystallized  carbonate,  the  soda-ash  is 
dissolved  in  boiling  water,  and  the  solution  being  evaporated  to  a 
pellicle,  is  left  to  crystallize  for  some  days.  The  mother  liquor, 
when  drained  off  the  crystals,  yields,  when  dried  down,  an  inferior 
soda-ash,  which  is,  however,  applied  to  many  manufacturing  uses. 
The  pure  carbonate  of  soda  crystallizes  in  fiat,  oblique  thomboida) 
prisms,  as  in  the  figure,  which  contain 
ten  atoms  of  water,  Na. .  C.0,+  10  Aq. 
In  a  dry  atmosphei-e,  they  lose  by  efflo- 
rescence all  their  water,  and  fall  into  a 
white  powder.  It  dissolves  in  five  parts 
of  cold,  and  in  less  than  one  of  boiling  water.  By  a  gentle  heat, 
the  salt  undergoes  aqueous  fusion,  and  when  dried,  gives  a  white 
powder,  soda  siccata.  By  a  strong  heat,  the  carbonate  of  soda  melts, 
but  is  not  otherwise  affected. 

Prior  to  ttie  invention  of  the  soda  process  described  above,  the 
carbonate  of  soda  was  obtained  from  the  ashes  of  marine  plants,  as 
the  salsola,  and  various  fuci,  which  were  burned  in  large  quantities 
OR  the  west  coast  of  Ireland,  in  the  Orkneys,  and  on  the  coasts  of 
France  and  Spain.  The  saline  products  thus  obtained  were  known 
in  commerce  as  kdp,  barilla,  varec  ;  but  these  sources  of  alkali  may 
now  be  considered  as  extinct.  Graham  states,  on  the  authority  of 
Mr.  Muspratt,  that  in  1838  there  were  manufactured  from  common 
salt  50,000  tons  of  soda-ash  and  20,000  tons  of  crystallized  carbon- 
ate, and  the  manufacture  is  continually  on  the  increase. 

To  the  praclical  cliemisl  and  Ihe  majiufaclurer,  it  is  importani  to  be  able  lo  deter- 
mine, by  a  rapid  and  easily  executed  process,  the  real  quantity  of  aikali  present  in 
any  sample  ol  peariashes  or  soda-asEi  that  may  be  in  die  market.  All  such  pro- 
ceases  depend  on  measuring  the  quantity  of  sulphuric  acid  necessary  lo  produce  a 
neutral  salt  with  a  certain  weight  of  the  sample;  but  Jn  the  management  ol'  the  de- 
tails considerable  difference  may  exist.  A  mode  which  I  have  found  to  ba  very  ac- 
curate, and  easily  eKcuuted  even  by  ordinary  persons,  consists  in  preparing  before- 
hand a  stock  of  a  dilute  sulphuric  acid,  of  sp.  gr.  1  OCS  at  a  temperature  of  60°.  This 
acid  ma.y  be  formed  by  muring  one  ounce  of  the  strongest  oil  of  vitriol  with  nine 
ounces  of  water;  bm  iB  sp.  gr.  should  be  verified  by  trial  befri^  being  used. 

One  hundred  grains  of  the  sample  to  be  tried  are  then  to  be  powdered  and  stirred 
up  in  a  capsule  with  an  ounce  of  water.  A  glass  jar  about  a  loot  high  and  an  inch 
■wide,  provided  with  a  lip  to  pour  from  and  a  steady  fool,  and  graduated  into  400 
parts,  of  which  each  part  indicates  five  grains  of  the  standard  add,  is  to  be  filled 
with  the  acid  up  to  the  400th  mark,  and  then,  by  pouring  very  canlioualy  from  the 
lip  a  few  drops  at  a  time,  the  alkaline  liquor  in  the  capsule  is  to  be  eiacdy  neutral- 
ized. A  little  bit  of  litmus  paper  may  be  leil  in  it,  and  stirred  about  well  after  each 
addition  of  a  few  drops  of  acid.  A  drop  of  acid  in  excess  reddens  the  litmus  paper 
permanently ;  and  as  this  does  not  injure  the  result  sensibly,  it  may  be  done  in  oider 
to  secure  complete  neutralization.  The  graduations  of  tne  glass  being  numbered 
from  above  downward,  simple  inspectitm  shows  how  much  acid  has  been  employed; 
and  it  is  only  necessaiV  to  multiply  the  number  of  divisions  by  thirty-one  if  the  al- 
kali be  soda,  or  forty-seven  if  the  alkali  be  potash,  and  divide  in  each  case  by  100, 
to  obtain  the  quantity  of  real  alkali  present  m  the  100  grains  examined. 

The  principle  of  this  method  is,  that  100  grains  of  the  standard  acid  contain  eight 
grains  of  dry  sulphuric  aeid,  and  hence  100  measures  contain  forty  grains,  which 
number  being  that  of  the  equivalent  of  the  acid,  neatralizes  almost  exactly  thirty- 
one  grains  of  soda  or  forty-seven  grains  of  potash,  which  are  the  equivalent  weights 
also.  To  And,  therefore,  the  quantity  of  either  alkali  in  a  sample  nentralized  by, 
fur  example,  137  measures  of  acid,  we  say. 

For  potash,      100 :  47  : :  137  :  i=f =5x47=64-4 ; 
And  for  soda,  100 ;  31  ;  :  137 :  a=3='3Jx31=4r3-5. 


by  Google 


490 


CARBONATE     OF     LIME 


A.  teble  may  easilv  be  eonstracted  beforehnnd  on  those  principles,  so  as  to  savs 
even  this  little  calculation.-  The  greatest  araouot  of  enror  at  ail  likely  to  occur  in 
this  process  is  one  division  of  acid  in  excess.  The  difference  made  by  Inis,  however, 
does  not  influence  the  result  for  commercial  purposes ;  thus,  in  the  ejiampies  above 
taken,  if  the  quantity  of  acid  had  been  measured  wrongly  at  138,  ihe  indications 
would  be,  for  potash,  04'9,  and  for  soda,  42-8 ;  the  error  in  no  case  exceeding  half  a 
part  per  cenL,  and  heing  exactly  counterbalanced  by  taking  the  numljers  'SI  and  47 


msfead  of  the  correct  equivalents,  31 '3  and  47-3. 

Bicarbonate  of  Soda,  H.O.  .  C.O,  +  No.O.  .C.0„  is 
inga  current  of  carbonic  acid  gas  through  a  cold  so 
Qte  ;  the  new  salt  precipitates  in  small  opaque  cryi 
appearance  of  starch.     It  requires  fifteen  parts  of  c 
solution ;  it  has  an  alkaline  reaction,  but  is  not  dis 
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Sesguicarbonate  of  Soda  oi 
in  northern  Africa,  whence 

jcurs  native  on  the  banks  of  certain  lakes 
:  it  is  exported  under  the  name  of  irona. 

Its  formula  is  2Na.O.  .  C,OH-3C.O,-i-4H.O.     It  cannot  be  forr 
at  will. 

Carbonate  of  Barytes.—'Ba.O. .  C.Oj.  This  salt  exists  native,  crys- 
tallized in  oblique  rhombic  prisms;  it  is  insoluble  in  pure  water,  but 
dissolves  in  water  containing  carbonic  acid.  It  is  very  poisonous. 
It  may  be  prepared  artificially  by  mixing  solutions  of  chloride  of 
barium  and  carbonate  of  ammonia;  awhite  precipitate  falls,  which, 
being  well  washed  and  dried,  is  pure  carbonate  of  barytes.  It  is 
used  in  the  analysis  of  minerals  containing  alkali,  and  for  the  prep- 
aration of  various  salts  of  barytes.  It  has  been  used  in  the  mauu 
faclure  of  glass. 

Carbonate  of  Strontia  resembles  perfectly  the  former. 
Carbonate  of  Lime.—Ga.O.  .  C.O^.  Eq.  632>5  or  50-7.  The  cir- 
cumstances and  forms  under  which  this  salt  exists  in  nature  have 
been  so  frequently  noticed  (p.  477,  225),  and  the  molecular  consti- 
tution and  peculiarrelations  to  light  pf  its  crystals  so  fully  described, 
that  it  is  not  necessary  to  enter  upon  its  history  here  farther.  It 
maybe  prepared  pure  by  decomposing  chloride  of  calcium  by  meatis 
of  carbonate  of  ammonia ;  it  forms  then  a  white  powder  insoluble  in 
pure  water,  but  dissolving  in  water  containing  carbonic  acid.  This 
is  not  due  to  the  formation  of  a  bicarbonate  of  lime,  but  owing  to  a 
specific  solvent  power  which  a  solution  of  carbonic  acid  in  water 
has  on  many  bodies,  as  silica,  phosphate  of  lime,  &c.,  which  are  in- 
soluble in  pure  water.  It  is  thus  that  carbonate  of  lime  is  held  dis- 
solved in  most  waters,  and  is  deposited  as  a  crust  on  the  interior 
of  any  vessels  in  which  such  water  may  be  boiled.  By  the  gradual 
dissipation  of  the  carbonic  acid  on  exposure  to  the  air,  the  carbonate 
of  lime  may  he  slowly  deposited,  and  then  crystallizes ;  thus  aie 
formed  the  remarkable  stalactites,  &c.,  of  limestone  caverns. 

Carbonate  of  Magnesia.~-Mg.O. .  CO;;  This  salt  exists  anhydrous 
in  nature,  crystallized  in  rhorabohedrons  like  calc  spar. 
By  dissolving  magnesia  in  water  by  a  stream  of  car- 
\  bonic  acid,  it  may  be  formed,  and  is  gradually  deposit- 
id  in  rhomboidal  prisms  of  six  or  eight  sides,  as  m,  w, 
;,  in  the  figure,  which  contain  three  atoms  of  water.  It 
s  this  sah,  Mg.O. .  C.Oj+S  Aq.,  which  exists  in  Mur- 
ay's  solution  of  magnesia.  When  acted  on  by  puce  hot 
water,  this  salt  is  decomposed,  carbonic  acid  escaping, 
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and  basic  carbonate  of  magnesia  being;  produced.    It  is  this  basic  car- 
bonate which  constitutes  the  magnesia  alba,  ( 


magnesia  of  the  shops.  It  is  prepared  by  mixing  boiJingsolutions 
of  sulphate  of  magnesia  and  carbonate  of  soda,  leaving  the  former 
slightly  in  excess.  The  precipitate  is  very  light  and  bulky,  and  al- 
most totally  insoluble  in  water.  One' fourth  of  the  carbonic  acid  is 
given  off  in  this  reaction,  and  the  precipitate  is  found  to  be  a  com- 
pound of  carbonate  and  of  hydrate  of  magnesia,  Mg.O.  .  H.O. -j-3 
(M^.O.  .C.O,.H.G.),  or4Mg.O.+3C.Oi  +  4.Aq. 

Ihe  nature  of  dolomite  or  magnesian  limestone  has  been  already 
sufficiently  noticed  (p.  348). 

Carbonate  o/ jWangaraese,  Mn.O.  ,  C.O3,  is  a  white  powder  formed 
by  double  decomposition,  and  decomposed  by  a  red  heat. 

Protocarbonate  of  Iron,  Fe.O,  .  CO,,  exists  native  in  rhombs  iso 
morphous  with  calc  spar.  It  may  be  prepared  by  decomposing 
protosulphate  of  iron  by  carbonate  of  soda ;  it  forms  a  white  pre- 
cipitate, which,  by  exposure  to  the  air,  rapidly  absorbs  oxygen  and 
gives  out  carbonic  acid,  becoming  green,  and  ultiniateiy  red,  being 
then  mere  peroxide  of  iron.  The  carbonate  of  iron  can  therefore 
scarcely  be  obtained  pure  ;  but  by  mixing  the  fresh  precipitate  with 
sugac,  and  evaporating  to  dryness  with  constant  agitation,  a  quantity 
of  the  carbonate  remains  undecomposed,  being  protected  from  the 
air  by  a  varnish  of  sugar  on  its  particles,  and  thus  constitutes  the 
carbonas  ferri  cum' saccharo  of  pharmacy.  The  carbonate  of  iron  ia 
soluble  in  water  eontaining  carbonic  acid,  and  exists  thus  dissolved 
in  chalybeate  spas. 

When  solutions  of  sulphate  of  zinc  and  carbonate  of  soda  are 
mixed  together,  a  basic  carbonate  of  Zinc  is  formed,  consisting  of  2 
(Zn.O. .  C.O,)+3Zn.O: .  H.O.  if  the  solutions  were  warm,  but  of  Zn. 
O. .  C.O,+2Zn.O. .  H.O.  if  cold  ;  carbonic  acid  gas  is  given  off  in 
both  cases. 

There  are  two  carbonates  of  Cop^ier,  both  basic  ;  the  green  carbon- 
ate exists  native  (malachite),  and  is  used  as  a  pigment.  It  may  be 
formed  by  mixing  solutions  of  a  salt  of  copper  and  an  alkaline  car- 
bonate ;  the  precipitate  is  at  first  flocculent,  and  of  a  fine  pale  blue, 
but  when  boiSed  it  becomes  dense,  granular,  and  bright  green:  its 
formula  is  2Cu.O.+C.0ij+H.O.  The  blue  carbonate  exists  also 
native  (Cojyper-asure),  but  cannot  be  prepared  artificially  so  as  to  be 
permanent:  its  formula  is  3Cu.O.+2C.Oj+H.O. 

Carbonate  of  Lead,  Pb.O.  .  C.O3,  exists  native,  crystallized  in 
forms  isomorphous  with  those  of  the  carbonate  of  bary  tes,  and  may 
be  formed  as  a  finely-crystalline  powder  by  decomposing  solution 
of  iiitrate  of  lead  by  carbonate  of  soda.  There  are  several  basic 
carbonates  of  lead,  which,  in  a  greater  or  less  degree  of  mixture, 
constitute  the  W/iite  Lead,  or  Ceruse  of  commerce,  so  much  used  in 
paintmg.  The  composition  of  white  lead  generally  falls  between 
those  given  by  the  formulie  3Pb.O.  +  2C.O,+H.O.  aiid  4Pb.O+3C. 
.  0,+H.O. 

For  the  manufacture  of  white  lead,  very  thin  sheets  of  the  metal 
are  exposed  to  the  fumes  arising  from  vessels  containing  weak  vin- 
egar, which  are  kept  moderately  warm  by  being  imbedded  in  fer- 
liienting  tan;  the  lead,  absorbing  oxygen  from  the  air,  combines 
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with  the  acetic  acid,  forming'  a  hasic  acetate  of  lead,  which  is  cle* 
composed  by  the  carbrmic  acid  of  the  siirroundinn:  air,  basic  carbon- 
ate of  lead  being  produced,  and  neutral  acetate  of  lead  remaining; 
this,  under  the  action  of  the  air,  takes  up  a  new  quantity  of  lead, 
and  the  same  decomposition  is  renewed,  a  minute  quantity  of  acet- 
ic acid  thus  serving  to  produce  a  very  iarge  quantity  of  ceruse. 
This  process  has  lately  been  much  improved  by  exposing  litharge, 
finely  ground  and  mixed  with  one  per  cent,  of  acetate  of  lead,  to  n 
stream  of  carbonic  acid,  generally  derived  from  the  fermenting  vats 
of  a  brewery  ;  the  one  portion  of  neutral  acetate  successively  unites 
■with  all  the  litharge  to  form  basic  acetate,  the  successive  portions 
of  which  are  decomposed  by  the  carbonic  acid,  white  lead  being 
formed,  and  the  original  quantity  of  neutral  acetate  remaining  un- 
combincd  at  the  end. 

The  carbonates  of  the  other  metals  are  unimportant. 

Carbon  combines  with  the  metals  to  form  cwrbwets,  of  which  the 
best  known  are  those  of  iron  and  silver;  the  former  has  been  fully 
noticed  in  the  description  of  cast-iron  and  steel  (p.  360),  and  the 
carburet  of  silver  is  a  gray  powder,  which  remains  when  certain 
silver  salts  of  organic  acids,  as  the  citrate  and  tartrate,  are  imper- 
fectly burned  away. 

Carbonic  Oxide.— CO.  jiiomic  Weight  14-051 
if  carbonic  acid  gas  be  passed  through  a  tube  containing  red-hot 
charcoal,  it  takes  up  as  much  more  carbon  as  it  already  contained, 
and  forms  carbonic  oxide  j  its  volume  being  thereby  doubled.  The 
gas  may  also  be  prepared  by  heating  to  redness,  in  an  iron  retort, 
a  mixture  of  charcoal  and  chalk,  when  the  carbonic  acid  evolved 
from  the  latter  combines  with  the  excess  of  carbon,  and  forms  car- 
bonic oxide  ;  in  place  of  charcoal,  iron  filings  or  zinc  may  be  used ; 
the  metal,  in  this  case,  takes  half  of  the  oxygen  from  the  carbonic 
acid,  CO,  and  Zn.  giving  Zn-O.  and  CO. 

A  very  simple  and  elegant  way  of  obtaining  this  gas  consists  in  . 
warming  strong  oil  of  vitriol  with  crystals  of  oxalic  acid,  in  a  flask, 
a  b,  from  which  a  tube,^,  passes  to  a  bottle  containing  solution  of 
caustic  potash,  a,  as  in  the  figure; 
from  this  another  tube  conducts  to 
the  pneumatic  trough.  The  oxalic 
acid,  C;Oa-|-H.O.,  yields  up  its  basic 
water  to  the  sulphuric  acid,  and,  aa 
the  oxalic  acid  cannot  exist  except 
in  combination  with  some  base,  it  is 
resolved  in  carbonic  oxide  and  car» 
Lcid(-CA=C.O.-^CO,),  which 
are  evolvea  as  gases,  mixed  in  equal 
volumes  ;  in  bubbling  through  the 
bottle  containing  potash,  the  carbonic  acid  is  completely  absorbed, 
and  tiie  pure  carbonic  oxide  may  be  collected  over  water. 

It  is  a  colourless,  inodorous  gas,  and  has  no  action  on  vegetable 
colours;  it  extinguishes  a  taper,  but  is  combustible,  and,  burning 
with  a  pale  blue  flame,  forms  carbonic  acid,  It  is  this  gas  which 
produces,  on  the  top  of  a  clear  coke  fire,  a  blue  flame,  which  ap- 
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pears  purple  when  seen  with  the  red  background  of  the  glowing 
cinilera.  It  contains  half  its  volume  of  oxygen  j  its  specific  gravity 
is  972'8.  Carbonic  oxide  appears  to  enter  into  union  with  a  great 
variety  of  bodies,  and  to  act  iii  such  compounds  as  a  compound 
radical. 

Oxalic  Jlcid.—G^O^  or  2(C.O.}+0.     Eq.  451-2  or  36'I. 

Oxalic  acid  is  one  of  the  most  important  organic  bodies.  It  is 
found  combined  with  potash,  forming  the  Salt  of  HoiTel,  in  several 
plants  of  the  genera  oxalie  and  rumex,  and  combined  with  lime  in 
the  roots  of  rhubarb,  and  in^a  variety  of  lichens.  It  was  formerly 
extracted  principally  from  the  oxalis  acetosella,  from  whence  its 
name  Is  derived,  but  is  now  manufactured  in  larger  quantities  arti- 
ficially. It  is  generally  a  product  of  the  oxidation  of  vegetable  sub- 
stances by  nitric  acid,  on  which  fact  its  mode  of  preparation;  is 
founded.  The  substances  employed  are  usually  starch  or  sugar,  a 
quantity  of  which  is  placed  in  an  earthen  pipkin,  of  which  a  great 
number  are  arranged  in  a  shallow  vessel  containing  warm  wftter ; 
about  four  parts  of  nitric  acid,  specific  gravity  1'42,  are  poured  into 
each  pipkin.  The  starch  is  rapidly  oxidized,  and  nitrous  fumes  giv- 
en oH'  abundantly  ;  when  the  action  has  become  slow,  one  part  more 
of  acid  is  to  be  added,  and  the  heat  increased.  The  liquors  so  ob- 
tained, are  mixed,  evaporated  to  a'pellicie,  and  set  aside  to  crystal- 
lize, and  the  crystals  are  purified  by  re-solution  and  crystallization. 
From  the  mother  liquors  new  quantities  of  oxalic  acid  may  be  ob- 
tained by  heating  with  more  nitric  acid. 

If  we  consider  the  sugar  in  its  di-yest  form  as  being  C|jH,Os,  the 
action  of  the  nitric  acid  should  consist  in  first  removing  the  nine 
equivalents  of  hydrogen,  and  substituting  for  thein  nine  equivalents 
of  oxygen;  thus  0,3^0.  an<l  SJV.O,  shoold  give  ti(C,0,)  with  9H.0. 
and  ()N.O;.  But  the  action  is  not  so  simple,  as  other  products,  es- 
pecially the  Saccharic  .Acid,  are  at  the  same  time  formed.  By  means 
of  permanganate  of  potash,  however,  the  carbon  of  sugar  may  be 
very  elegauily  and  directly  changed  into  oxalic  acid,  C^H^Oo  and 
6(Mn,0,+  K.O.)  producing  12(Mn.O;)  with^SH.O,  and  6(C,0a-i-K. 
0.),  the  oxalic  acid  formed  exactly  neutralizing  the  potash  of  the 
manganic  salt  employed. 

The  oxalic  acid  crystallizes  from  its  solution  in  oblique  rhombic 

prisms,  of  which  those  planes  marked  i  c  are  prima-     n-—- r^ 

ry,  and  ay  secondary :  the  summit  is  often  dihedral,     /a" K    \ 

in  which  case  the  plane  a,  and  that  vertically  oppo-    W^    "    '''■    f^ 

site  to  it,  are  absent.     These  crystals  contain  three  a^"-\ ■\// 

atoms  of  water,  of  which  one  is  basic :  CA+H.O.  \2z?r~7:Si 
+2  Aq.  When  warmed,  they  give  off  2  Aq.,  and  the  hydrate  of 
oxalic  acid  remains  as  a  white  powder,  which  melts  at  350'^,  and 
when  heated  farther  sublimes,  a  portion  being,  however,  decompo- 
Bed;  the  products  of  the  reaction  of  oil  of  vitriol  on  oxalic  acid  have 
been  already  noticed  (p.  492).  Oxalic  acid  is  converted  into  car- 
bonic acid  by  contact  with  many  peroxides,  as  the  peroxide  of  man- 
ganese, by  which  means  the  technical  value  of  manganese  ores  may 
be  determined  (see  p.  355).  By  contact  with  a  great  excess  of  hot 
nitric  acid  or  of  chlorine,  it  is  also  converted  into  carbonic  acid. 
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The  acidity  of  oxalic  acid  is  very  great;  a  grain  of  it  dissolved 
in  30,000  grains  of  water  will  still  aii'ect  litmus  paper.  It  neutrali- 
zes the  alkalies  perfectly,  and  forms  with  them  t>yo  series  of  acid 
salts.  In  the  neutral  oxalates,  the  oxygeh  of  the  acid  to  that  of  the 
base  is  3  :  1.  By  heat,  those  of  the  metals  proper  arc  generally  con- 
verted into  carbonic  acid  and  metal,  CA+M.O.  giving  C,0,and  M. 
Those  of  the  earths  and  alkalies  evolve  carbonic  oxide,  and  prod.ice 
a  carbonate,  C,0.+M.O.  giving.  CO.  and  C.Oj+M.O.  The  former 
action  is  usefully  applied  to  obtain  cobalt  and  nickel  in  the  metal- 
lic state. 

Oxalic  acid  is  detected  easily  by  its  strong  acidity,  and  its  not 
leaving  a  carbonaceous  residue  when  heated.  Its  solution  gives, 
with  lime-water,  a  precipitate  which  is  insoluble  in  an  excess  of  ox- 
alic acid,  or  of  any  organic  acid.  It  precipitates,  also,  the  solu- 
tions of  barytes  and  lead.  It  acts  violently  on  animals  as  a  poison  ; 
for  an  antidote  magnesia  is  the  best,  but  chalk  or  whiting  is  the  most 
readily  pror  ured. 

Several  of  the  oxalates  deserve  special' notice.  There  are  tiiree 
oxalates  of  Potash,  remarkable  as  being  the  bodies  by  which  Wollas- 
ton  satisfied  himself  of  the  truth  of  the  law  of  multiple  combination, 
p.  208,  their  proportions  of  acid  being,  as  1  ;  2  :  4, 

The  neutral  Oxalate  of  Potash,  If.O. ,  Cj03  + Aq.,  may  be  formed 
by  acting  on  sugar  by  permanganate  of  potash,  or  by  heating  any 
fixed  organic  matter,  as  sawdust  or  paper,  with  an  excess  of  potash, 
below  redness.  It  is  more  simply  produced  by  neutraSizing  oxalic 
acid,  or  the  following  salt,  with  carbonate  of  potash ;  it  crystallizes 
in  rhombic  prisms,  of  a  bitter  taste,  which  dissolve  in  three  parts 
of  water,  and  ate  insoluble  in  alcohol. 

Binoxalate  of  Potash,  K.O. .  CA+H.O.  .CjOa  +  2  Aq.,  exists  nat- 
urally in  the  various  kinds  of  sorvel,  from  whence  it  was  originally 
extracted  under  the  name  of  Salt  of  Sorrel,  but  is  now  artificially 
made.  One  part  of  oxalic  acid  is  exactly  neutralized  by  potash, 
and  then  exactly  as  much  more  oxalic  acid  is  added  to  the^  solution, 
from  which)  by  evaporation  and  cooling,  the  salt  crystallizes  in  ob- 
lique rhombic  prisms,  which  are  soluble  in  forty  parts  of  cold  and 
in  six  pa'rts  of  boiling  water.  Its  taste  is  strongly  acid  and  saline, 
and  it  is  poisonous,  though  less  so  than  the  acid  uncombined. 
When  heated,  the  salt  is  decomposed,  evolving  carbonic  acid  and 
carbonic  oxide,  and  leaving  a  residue  of  carbonate  of  potash,  which 
should  be  scarcely  coloured  if  the  salt  were  pore. 

Quadroicalate  of  Potash,  K.O.  .C,0„+3H.O. .  CjO^+A  Aq.,  is  form- 
ed by  neutralizing  one  part  of  oxalic  acid  by  potash,  and  adding  to 
the  solution  three  times  as  much  oxalic  acid  more.  It  may  also  be 
prepared  by  dissolving  the  binoxalate  in  muriatic  acid,  which  takes 
half  of  the  alkali,  and  the  quadroxalate  crystallizes  out.  This  and 
the  last  palt  are  indiscriminately  sold  in  commerce  as  salt  of  sor- 
rel, and  also  often  as  Salt  of  l,einons,  for  removing  iron  moulds  and 
stains  of  ink,  which  they  do  by  forming,  with  the  peroxide  of  iron, 
a  soluble  double  salt. 

There  is  but  one  oxalate  of  Soda  ;  it  is  not  important. 

Oxalate  of  ime,.Ca.O. .  Cfi^+H  Aq.,  exists  abundantly  in  nature, 
forntiiin  the  hard  earthy  basis  of  many  lichens,  and  may  be  prepared 
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By  mixiriff  solutions  of  oxalate  of  ammonia  and  of  any  soluble  sail 
of  lime.  It  forms  a  white  flocculent  precipitate,,  which,  by  boiliug, 
becomes  heavy  and  granular.  It  is  totally  insofuble  in  water,  and 
is  hence  used  as  a  means  of  removing  lime  from  solutions,  and  de- 
termining its  quantity.  It  dissolves  in  the  mineral  acids,  but  is  in- 
soluble in  all  organic  acids,  even  the  acetic.  When  heated,  it  leaves 
a  perfectly  white  residue  of  carbonate  of  lime. 

The  remaining  simple  oxalates  are  not  important,  except  the  ox- 
alate of  Silver,  which  is  a  white  powder,  prepared  by  double  decom  ■ 
position,  and  remarkable  for  being  decomposed  by  a  moderate  heat, 
with  a  slight  explosion,  into  carbonic  acid  and  metallic  silver. 

Tliere  are  several  doable  oxalates  of  inierest. 

OxaUUe  of  Polask  em^l  Peroidde  of  Iron,  (f'ejOs+3C20j)+3K.O.  .  CsOi+G  Aq., 
is  prepared  by  dissolving  peroxide  of  iron  in  salalion  of  binoxalaie  of  potash ;  it 
crysiallizes  in  fine  grass-green  tables,  which  are  permanent  in  the  air.  There  esists 
a  similar  salt  containing  soda. 

OMlatebfPoLashand  CArtme,  (CiiiOa-fSCaOsJ+SK.O. .  OiOa-l-G  Aq.,  is  prepared, 
by  dissolving  together  in  hot  water  one  part  of  bichromate  of  potash,  [wo  of  crys- 
l^lized  oxalic  acid,  and  two  of  binoxalate  of  potash.  A  copioas  evotuiion  of  car- 
bonic acid  occurs,  the  chromic  acid  being  deprived  of  half  its  oxygen  by  a  part  of 
the  oxalic  acid,  with  the  remainder  of  which  the  oxide  of  chrome  unites.  The  li- 
qaor  assumes  a  fine  purple  colour,  aad  on  cooling,  yields  prisms  of  a  splendid  blue 
colour,  so  deep  as  to  be  perfectly  opaque,  unless  tlie  crystals  be  very  thm. 

Oxalate  of  dipper  and  Potask,  K.O. .  CjOa-(-Ca.O. .  Cj03+2  Aq.,  is  formed  by  di- 
eestii^  a  solution  of  binoxalate  of  potash  on  oxide  of  copper.  It  crystallizes  in  fine 
Bine  prisms.    It  may  be  obtained  with  4  Aq. 

Chloro-carbonic  Acid.  — C.O.+Gi.  Eq,  619-1.  or  49-5.  When 
equal  volumes  of  carbonic  oxide  and  chlqrine  are  e.iposed  for  some 
hours  to  the  light,  they  gradually  combine,  forming  a  colourless  gas, 
which  was  termed  by  J.  Davy,  its  discoverer,  PAosgene  Gas.  Its 
odour  is  very  irritating;  the  volume  being  diminished  to  one  half, 
its  density  is  3412.  It  is  decomposed  by  water,  carbonic  and  mu- 
riatic acids  being  formed.  It  is  decomposed  by  most  metals,  which 
unite  with  the  chlqrine  and  liberate  carbonic  acid.  Its  action  on 
on  alcohol  will  be  hereafter  noticed. 


Combination  of  Carbonic  Oxide  and  Potassium,  and  t/ie  Products 

of  its  Decomposition. 
If  potassium  be  heated  in  a  current  of  carbonic  oxide,  the  gas  is 
rapidly  absorbed,  but  no  charcoal  is  separated,  as  occurs  with  car- 
bonic acid  gas.  The  metal  is  converted  into  a  blackisli-green  po- 
rous mass.  If  the  air  be  admitted  to  this  while  hot,  it  infiames  f 
when  brought  into  contact  with  water,  it  is  immediately  decomposed, 
a  peculiar  gas  being.given  off,  and  a  i;hodizonate  of  potash  formed. 
This  oxycarburet  of  potassium  is  obtained  in  quantity  in  the  process 
by  which  potassium  is  procured,  and  constitutes  the  great,  obstacle 
to  obtaining  that  metal,  as  described  in  page  337.  It  is  also  formed, 
bat  very  impure,  by  merely  brightly  igniting  cream  of  tartar  in  a 
covered  crucible  for  an  hour.  The  composition  of  this  body  is  not 
yet  known,  and  hence  the  mode  of  its  decomposition  cannot  be  ex- 
pressed in  formulte.  The  gas  which  it  evolves  by  solution  in. water 
has  been  examined  by  Mr.  Davy.  It  is  colourless  and  inflammable, 
and  burns  more  brightly  than  defiant  gas.  Its  characteristic  prop- 
erty is  to  detonate  with  a  brilliant  flash,  and  deposite  charcoal  when 
mixed  with  chlorine,  even  in  the  darJc.     He  assigns  to  it  the  formula 
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Rhodieonic  •d.cid. — This  is  formed  wlien  the  oxycarbiiret  of  potaa 
Biiim  ia  dissolved  in  cold  water.  It  is,  when  dry,  isomeric  with 
carbonic  oxide,  C,0^,  but  it  appears  to  be  a  tribasic  hyd'iaiiid,  and 
its  formula  CjOm+Hj.  Its  salts  are  of  a  fine  scarlet  red  colour, 
whence  its  name. 

Crovonic  Jlcid,  C,Oj,  is  formed  when  a  soklion  of  rhodizonate  of 
potash  is  boiled  J  an  atom  of  potash  becomes  free,  and  croconate 
and  oxalate  of  potash  are  produced;  C;0,+3K.O.  giving  K.O,  and 
CA+K.O.,  with  CA+K.O.  The  salts  of  croconic  acid  ore  bright 
yellow  coloiired,  but  do  not  require  other  notice. 

Mellitic  ^cid,  CjO.,  when  dry,  is  found  only  native,  combined 
witb  alumina,  in  a  very  rare  mineral,  wellite  or  Aoneyslone.  It  crys- 
tallizes with  water,  C^Oj+H.O.,  and  from  its  characters,  especially 
the  properties  of  the  meliate  of  silver,  it  appears  to  be  properly  a 
hydrogen  acid,  having  carbonic  oside  as  its  radical,  and  its  formula 
to  be  CjO,+H.  When  its  ammonia  salt  is  deconnposed  by  heat,  it 
is  resolved  into  two  very  singular  bodies,  paraban  and  euchroic  acid, 
whose  history,  however,  is  not  important  here. 

In  concluding  this  account  of  the  oxygen  compounds  of  carbon,  it 
is  proper  to  notice  the  pecuiiar  function  which  the  carbonic  oxide 
appears  to  play.  From  the  composition  of  its  chlorine  compoimd, 
it  is  certain  that  the  ec[uivalent  of  the  gas  is  CO.,  and,  combining 
with  oxygen,  it  forms  carbonic  acid,  C.Oi.  But  I  consider  that  we 
cannot  look  upon  oxalic  acid  as  being  a  lower  degree  of  oxidation 
of  the  same  radical  as  carbonic  acid.  On  the  contrary,  the  body 
CiOi,  which  is  the  basis  of  it,  enters  into  a  completely  distinct  series 
of  compounds,  such  as  oxamide,  and  is  probably  merely  isomeric 
with  carbonic  oxide,  into  which  it  may  be  changed  by  a  variety  of 
reactions.  Still  less  is  carbonic  oxide  the  basis  of  the  rhodizonatea, 
C  O;,  or  of  the  croconates  or  mellates ;  but  the  gas  is  changed  into 
these  more  complex  bodies  by  an  isomeric  action,  which  appears  to 
occur  at  the  moment  that  it  combines  with  the  potassium.  I  look 
upon  the  carbonic  oxide  gas,  therefore,  as  beina:  the  basis  only  of 
carbonic  acid  and  phosgene  gas,  and  that  the  radicals  of  iho  oxalic 
acid  and  the  bodies  of  its  series,  as  well  as  of  the  rhodizonic  and 
other  acids,  are  compounds  of  carbon  and  oxygen,  isomeric  with 
carbonic  oxide,  but  not  yet  isolated. 

OfSulphuret  of  Carbon.— G.S,^.     Eq.  478-7  or  38-3. 

This  remarkable  substance  is  formed  whenever  sulpbur  comes 
into  contact  with  red-hot  charcoal.  It  may  be  prepared  by  means 
of  the  apparatus  figured  in  page  323 ;  the  tube  a,  c  being  filled  with 
pieces  of"  charcoal  about  the  size  of  almonds,  and  bits  of  sulphur 
introduced  from  time  to  time  at  h,  which  is  to  be  then  tightly  clo- 
sed with  a  cork.  The  sulphur  fuses,  and  the  tube  being  a  little  in- 
clined, runs  down  upon  the  ignited  charcoal,  combines  with  it,  and 
the  product  passing  as  vapour  into  the  long  glass  tube  e, /,  is  con- 
densed, and  collected  as  a  liquid  in  the  bottle. 

In  large  quantity,  it  is  more  conveniently  prepared  by  fixing,  air  tight,  Into  an  iron 
cylinder  about  a  foot  Wgh  (such  aa  a  quicksilver  bottle),  two  iron  tubes,  one  long,  b, 
reaching  nearly  to  the  bottom,  and  piojecling  a  foot  above  ihe  lop,  aai*,  the  other 
short,  c,  and  bent  at  a  right  angle,  serving  to  convey  the  product  to  ihe  condensing 
apparams.    By  means  of  the  lube  c,  the  bottle  may  be  filled  with  small  fragments 
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ot  thari-oal  and  then  te  ng  placed  in  a  furnace,  the  wide  glass  tube  c,  and  tlie  nai- 
rower/  aie  to  be  attiched  by  corks.  From  the  caek  d  a  stream  of  water  flows, 
which,  guided  by  the  tin-plate  gutter  o,  cools  the  tube/,  and  is  conducied  by  the 
thread  *.  to  the  basin  z.  When  Sie  bottle  is  bright, red,  small  pieces  of  sulphur  are 
to  be  dropped  in  by  the  long  tube,  the  end  of  which  is  to  be  then  careAiily  closed  up 
by  a  cork.  The  sulphur,  being  vaporized,  acts  on  the  charcoal,  ind  the  alilphiiret  la 
carbon  formed  being  coadensed  in  the  narrow  tube  c/,  collects  in  the  boitle  «,  whicJi 
Ishalf  filled  with  ice  in  order  more  perfectly  to  preserve  it.  Any  incondensible  gas- 
es that  may  be  formed  escape  by  the  lube  m.  The  process  might  be  continued  until 
all  the  charcoal  in  the  bottle  had  been  converted  intosulphuretj  but  if  sulphur  were 
allowed  to  be  present  to  escess,  it  would  melt  the  bottom  of  the  bottle.    The  process, 


therefore,  should  ni 

The  aulphuret  of'c 
phur  disaoived  in  it,  j 
moderate  heat  {in  a  v 
:,  by  alio 


ofar. 


bon  thus  obtained  contains  an  excess  of  sul- 
d  must  be  purified  by  ledisfilktion  at  a  very 
ter  bath)  ;  when  about  nine  tenths  have  dis 
the  residue  to  evaporate  spontaneously  in  a 
capsule,  very  fine  right  rhombic  crystals  of  sulphur  may  be  obtain- 
ed {p.  284). 

The  sulphuret  of  carbon  is  a  colourless  liquid,  of  a  very  disagree- 
able garlic  smell.  It  does  not  mix  with  water,  but  dissolves  in  al 
cohol  and  ether.  It  dissolves  sulphur  and  phosphorus  in  large 
quantity.  Its  specific  gravity  is  1'272.  It  boils  at  108^  Fab.,  and 
forma  a  colourless  vapour,  whose  specific  gravity  is  2-62I.  From 
its  volatility,  it  obtained  tlie  name  o(  Alcohol  of  Sulphur.  In  evap- 
orating it  produces  great  cold  ;  mercury  may  be  frozen  by  suspend- 
ing under  a  bell-gJass  a  thermometer,  the  bulb  of  wbicli  is  envel- 
oped by  cotton  moistened  by  this  fluid,  and  rapidly  exhausting-  the 
air.  It  is  very  inflammable,  burning  with  a  blue  flame,  and  producing 
carbonic  and  sulphurous  acids.  If  a  few  drops  of  it  be  let  full  into 
a  strong  bottle  containing'  oxygen,  so  much  of  it  evaporates  as  to 
form  an  explosive  mixture  with  the  gas,  which  then  detonates  when 
touched  with  a  lighted  taper,  like  a  mixture  of  oxygen  and  hydro- 
gen. When  the  sulphuret  of  carbon  is  healed  in  contact  with  a 
metal,  carbon  is  separated,  and  a  metallic  sulphuret  produced.  It  is 
thus  found  to  consist  of  one  atom  of  carbon  united  to  tv 
formula  to  be  C.Ss. 
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e  ;  with  the  sulpharets  of  lead,  silver,  copper,  Sec,  it  forms  in- 
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soluble  compounds,  whioli  correspond  closely  in  composition  to  the 
ordinary  carbonates.  This  substance  is,  in  I'act,  exactly  equivalent 
to  carbonic  acid,  CO;,  the  sulphur  being  replaced  by  oxygen,  with 
which  its  analogies  have  been  already  noticed  in  p.  291.  "The  sul- 
phuret  of  carbon  is  hence  often  called  Sulphocarbonic  Acid. 

Moist  chlorine  convei'ts  this  body  into  a  crystalline  substance  ^iUb 
camphor;  but  this,  as  well  as  the  products  of  the  action  of  nitric 
acid  and  of  strong  alkalies,  have  not  yet  been  accurately  esaniined 

Chlorides  of  Carbon, 

Subchtmide  of  Carbon,  C2CI.,  is  formed  by  passing  the  vapoar  of  the  prolochloride 
many  times  ihioagh  an  igniled  glass  lube ;  chlorine  is  given  off,  and  tlie  suliehlo- 
ride  deposited  in  silky  crystals,  which  are  fusible,  and  sublime  at  about  300"  un- 
changed. 

PraUiMiride  of  Carian,  CiCli,  is  also  formed  from  the  sesquichloride  of  carbon 
by  heating  its  vapour  to  redness,  when  chlorine  is  given  off;  or  heller  by  distilling 
Ihe  sesquichloride  with  an  alcoholic  solution  of  sulphuret  of  potassium,  which  re- 
moves one  thinl  of  the  chlorine.  It  is  a  limpid  fluid,  boiling  at  160°;  the  sp.  gr.  of 
its  vapour  is  3863.    By  a  strong  heal  it  gives  subchloride  and  free  chlorine. 

SesipddderiiU  of  Ca/ri)an,  CjCla,  is  produced  by  the  action  of  a  greatexcess  of  chlo 
rine  in  bright  sunshine  on  olefiant  gas  or  on  muriatic  elher;  all  the  hydrogen  ol 
these  bodies  is  removed,  and  the  carbon  remains  united  with  chlorine.  It  Ibmis  a 
white  crystalline  mass  like  camphor,  which  is  insoluble  in  water,  but  soluble  in  al- 
cohul  and  elher.  It  melis  at  330-', and  sablimes  al  300°  tmchanged;  at  a  red  heatil 
abandons  chlorine,  and  lorras  the  bodies  last  described. 


CHAPTER  XVni. 


Although  there  is  very  perfect  evidence  that  hydrogen  and  ni- 
trogen unite  in  two,  perhaps  in  three  proportions,  wo  as  yet  know 
hut  one  of  these  in  an  isolated  form,  which  is  the  volatile  alkali, 
Jlmmonia.  This  was  known  to  the  earliest  chemists,  but  the  im- 
portance of  its  history  to  the  progress  of  ciiemical  philosophy  has 
been  but  lately  felt  to  its  just  extent. 

Ammonia  is  produced  in  almost  all  reactions  where  nitrogtin  and 
hydrogen  are  brought  together,  one  or  both  being  nascent.  Thus, 
when  an  electric  spark  is  passed  through  damp  air,  nitric  acid  and 
ammonia  are  both  formed,  and  hence  the  rain  which  falls  after  thun- 
der-storms contains  nitrate  of  ammonia.  It  is  evolved  in  large 
quantities  in  the  putrefaction  of  organic  substances  containing  ni- 
trogen, and  is  formed  also  by  their  distillation  at  high  temperatures, 
whence  the  greater  supply  of  ammonia  used  in  the  arts  is  derived 
When  any  oxide  of  nitrogen  is  mixed  with  hydrogen,  and  passed 
thTough  a  tnbe  containing  red-hot  spongy  platinum,  ammonia  is 
formed  ;  and,  lastly,  it  is  produced  abundantly  when  iron  or  tin  is 
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oxidized  violently  by  nitric  acid,  the  oxygen  being  taken  both  from 
tbe  acid  and  water,  the  nascent  hydrogen  and  nitrogen  unite.  Am- 
monia is  aiso  a  product  of  organization,  being  contained  in  the 
sweat  of  animals,  and  being  exhaled  by  the  flowers  of  many  plants, 
and  by  the  leaves,  also,  of  the  cruciferte. 

For  the  purposes  of  the  chemist,  ammonia  is  obtained  from  the 
muriate  of  ammonia,  or  sal  ammoniac,  which  is  manufactured  in 
large  quantities  for  commerce,  by  processes  to  be  hereafter  de- 
scribed. Equa)  parts  of  the  sal  ammoniac,  in  powder,  and  slaclted 
iime  are  to  be  intimately  mixed  and  heated  in  &  flask,  from  which 
a  bent  tube  passes  ;  the  gas  ivhich  issues  is  to  be  conducted  through 
a  tube,  as  in  the  figure  (p.  310),  containing  dry  lime  or  fused  pot- 
ash, by  which  adhnring  moisture  is  removed,  and  it  may  then  be 
collected  over  mercury.  It  is  colourless  and  transparent.  Its  odour 
is  strong,  pungent,  and  irritating,  well  known  as  the  smell  of  harts- 
horn. When  perfectly  dry,  it  has  no  action  on  vegetable  colours; 
but  if  damp,  it  reacts  powerfully  alkaline.  The  brown  colour  which 
it  produces  on  turmeric  disappears  when  heat  is  applied,  by  which 
it  18  distinguished  from  the  browning  by  the  fixed  alkalies  or  earths. 
By  a  pressure  of  6^  atmospheres,  or  at  a  temperature  of  — 61",  gas- 
eo-us  ammonia  is  liquefied.  When  inspired  pure,  it  proves  excess 
ively  caustic  and  poisonous. 

Ammonia  is  slightly  combustible.  It  does  not  support  combus 
tion.  When  a  series  of  electric  sparks  is  passed  through  a  quan 
tity  of  the  gas  confined  over  mercury,  its  volume  enlarges,  and  ul- 
timately becomes  double.  It  is  then  totally  decomposed,  and  the 
resulting  gas  consists  of  three  volumes  of  hydrogen  and  one  of  ni- 
trogen: the  specific  gravity  of  ammonia  is  therefore  591'5,  as  de- 
duced ill  p.  215,  and  its  formula  N.Hj.  If  a  current  of  ammoniacal 
gas  be  passed  through  a  red-hot  tube  filled  with  iron  wire,  it  is  de- 
composed in  the  same  way  as  by  electricity.  If  the  tube  contain 
red-hot  charcoal,  carbon  is  taken  up,  and  prussiate  of  ammonia  and 
carburet  of  hydrogen  produced. 

Ammoniacal  gas  is  rapidly  absorbed  by  water,  which  takes  up 
780  times  its  volume  at  32'.  Great  heat  is  thereby  evolved,  and 
the  solution,  which  augments  two  thirds  in  volume,  has  a  specific 
gravity  of  0'872,  and  boils  at  120'.  It  contains  then  about  32  per 
cent,  of  ammonia,  and  approximates  to  the  formula  N.Hj-|-4i  Aq. 
This  solution  is  termed  Water  of  Ammonia,  or,  improperly,  Liquid 
Ammonia.  To  prepare  It  upon  a  larger  scale,  the  matrass  and  se- 
ries of  three-necked  bottles,  described  and  figured  in  p.  308,  may 
be  employed.  Five  parts  of  lime,  slacked,  and  mixed  with  as  much 
water  as  will  convert  it  into  a  thin  paste,  are  to  be  introduced,  with 
four  parts  of  powdered  sal  ammoniac,  into  the  matrass,  which  is 
then  to  be  placed  upon  the  sand-bath,  and  connected  with  the  range 
of  bottles.  The  first  bottle  is  left  empty,  in  order  to  catch  any  wa- 
ter or  mixture  that  may  be  carried  over,'and  it  should  be  allowed 
to  grow  warm,  in  order  that  it  may  retain  no  gas ;  in  the  other  bot- 
tles water  is  placed,  by  which  the  gas  is  absorbed,  and  they  are 
kept  cool  by  damp  cloths  applied  to  their  surface.  For  ordinary 
purposes,  water  of  ammonia  need  not  contain  more  than  18  per 
cent,  of  gas ;  it  then  has  a  specific  gravity  of  0'930. 
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The  watery  solution  of  ammonia  possesses  all  the  cliaracters  or 
the  gas  in  a  strong  degree.  It  neutralizes  the  strongest  acids,  and 
acts  in  all  respects  as  a  strong  base,  ranking  next  to  lime.  It  forms 
many  classes  of  combinations,  in  some  of  whicli  it  exists  unaltered, 
but  in  others  it  first  undergoes  peculiar  decomposition.  Its  action 
on  chjnrjne  is  very  violent,  and  accompanied  by  flame;  sal  ammo- 
niac is  formed  and  nitrogen  set  free,  as  described  in  p.  261. 

Ammonia  is  very  easily  recognised:  its  odour,  the  brown  colour 
given  to  turmeric  paper,  which  is  removed  by  a  gentle  heat,  and  its 
forming  dense  while  fumes  on  the  approach  of  a  glass  rod  moisten- 
ed with  strong  muriniic  acid,  characterize  it  when  fvee.j  all  sub- 
stances which  contain  ammonia  are  either  volatilized  by  heat,  or 
decomposed,  the  ammonia  being  generally  liberated;  in  nSl  cases, 
by  heating  the  body  with  moist  caustic  potash,  ammonia  is  evolved 
as  gas,  and  may  be  known  by  the  properties  now  described. 

The  real  nature  of  ammonia  has  recently  been  the  subject  of 
much  inquiry;  its  equivalent  is  satisfactorily  determined  to  be 
17-1,  and  hence  its  formula  is  N.Hj,  and  its  equivalent  volume  4.  It 
may  enter  into  combination  directly  with  dry  oxygen  acids,  but  it 
does  not  then  form  the  proper  ammoniacal  salts,  which  all  contain 
an  atom  of  water  essential  to  their  constitution.  It  combines  wilJi 
a  great  number  of  saline  bodies,  and  then  resembles,  in  its  functions, 
their  water  of  crystallization.  Its  most  remarkable  property,  how- 
ever, is,  that,  in  acting  on  metallic  compounds,  and  on  certain  or- 

nic  acids,  it  abandons  an  atom  of  hydrogen,  and  the  remaining 

,Hi  combines  with  the  metal,  or  with  the  radical  of  the  acid.     Thus,  . 

ithHg.Cl.  and  N.H^  there  result  Hg.N.H^and  H.Cl. ;  with  Pt.CJj 
and  2N.H,  there  are  formed  Pi.  +  2N.Hj  and  2H.C]. ;  from  Hg. .  N.Oj 
and  N.H,  are  produced  Hg.N.H,  and  H,N.O„.  Of  organic  bodies, 
oxalate  of  ammonia  gives,  when  heated,  CjOj+N.H;,  and  benzoate 
of  ammonia  produces  similarly  C.^HA-i-N.Hi.  It  is  hence  evident 
that  the  third  atom  of  hydrogen  is  not  so  intimately  combined  with 
the  nitrogen  as  the  remaining  two;  it  may  be  eliminated  by  the 
simplest  reactions,  but  the  N.  and  H;  remain  much  more  firmly 
united,  and  separate  only  when  the  constitution  of  the  ammonia  is 
totally  broken  up.  I  hence  concluded  that  the  N.Hj  should  be  con- 
sidered as  the  radical  of  ammonia,  and  proposed  to  term  it  ^mido- 
gene,  and  its  symbol  Ad.  The  ammonia  is  then  Amidide  of  Hydro- 
gen,  and  its  rational  formula  N.HjH-  oi"  Ad.H.  Ammonia  is  thus 
assimilated  to  water,  and  to  chloride  of  hydrogen  in  constitution, 
the  radical  amidogene  having  the  closest  analogy  to  oxygen  and 
chlorine.  These  conclusions  have  been  almost  unanimously  adopt- 
ed by  chemists. 

These  views  are  remarkably  illustrated  by  the  action  of  ammonia 
on  potassium ;  when  this  metal  is  heated  in  the  dry  gas,  hydrogen 
is  disengaged,  and  a  fusible  olive-green  substance  is  obtained.  The 
quantity  of  hydrogen  evolved  is  the  same  as  that  which  the  metal 
should  evolve  from  water,  that  is,  one  atom,  and  the  olive  body  con- 
sists of  K.N.Hj.  It  is  Amidide  of  Potassium.  When  put  into  water, 
potash  and  ammonia  are  produced,  K.Ad.  and  H.O.  giving  K.O.  and 
H.Ad.  When  this  olive  substance  Is  heated  nearly  to  redness,  am- 
"  d  and  Mtruret  of  Potassium  remains,  3K. .  N.Hj  giv- 
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ing  2N.I-I,  and  KgN.  The  phenomena  are  exactly  the  same  with 
sodium,  an  amidide  and  a  nitruret  of  sodium  being  thus  formed. 

In  describing  the  compounds  of  ammonia,  it  is  necessary  to  dis- 
tinguish those  in  which  ammonia  acts  simply  as  amidide  of  hydro- 
gen, resembling  in  its  functions  the  oxide  or  chloride  of  hydrogen, 
from  the  class  of  bodies  in  which  the  ammonia  is  associated  vvitli 
water,  the  proper  salts  of  ammonia,  which,  as  already  noticed,  are 
isomorphous  with  those  of  potash.  I  shall  have  occasion  to  discuss 
the  theory  of  these  bodies  farther,  but  shall  first  describe  the  most 
important  members  of  the  former  class. 

Ammonia  and  C/ilorine. — If  a  bottle  full  of  chlorine  gas  he  in- 
verted in  a  cup  containing  a  solution  of  sulphate  or  muriate  of  am- 
monia, it  is  gradually  absorbed,  and  a  heavy  yellow  liquid  collects 
in  globules  in  the  bottom  of  the  cup.  This  substance  must  be  treated 
with  the  utmost  caution;  if  strongly  rubbed  or  struck,  or  if  it  be 
touched  witli  any  greasy  body,  or  with  phosphorus,  it  explodes  with 
intense  violence  ;  a  globule  as  large  as  a  pin-head,  on  being  exploded 
in  a  teacup,  shatters  it  to  pieces.  Almost  every  chemist  who  has 
examined  it  has  been  severely  hurt,  and  hence  its  composition  is 
not  yet  well  known.  Sir  Humphrey  Davy  found  that,  when  decom- 
posed over  mercury,  it  gives  nitrogen  and  chlorine  in  the  propor- 
tions by  volume  of  1:3,  and  hence  it  was  concluded  to  be  Chloride 
of  Azote^  N.CI3,  under  which  name  it  is  described  in  most  hooks.  It 
lias  been  observed,  however,  that  traces  of  sal  ammoniac  are  formed 
when  it  is  decomposed;  it  consequently  must  contain  hydrogen, 
and  it  may  probably  be  bichloride  of  ^midogene,  Ad.Clj,  which,  when 
decomposed,  should  produce  N.  and  Cij,  besides  Ad.H. .  H.Cl. 

Iodine  and  Ammonia. — When  the  semi-fluid  compound  of  iodine 
and  ammonia  is  put  into  water,  it  is  decomposed  into  hydriodate 
of  ammonia,  and  a  brown  powder  which  is  usually  described  as  Io- 
dide of^zole,  N.I3.  This  substance  may  also  be  prepared  by  digest- 
ing iodine  in  water  of  ammonia,  the  iodine  gradually  changing  into 
the  brown  substance,  and  the  solution  containing  hydriodate  of  am- 
monia :  this  body  must  be  collected  on  filters  in  very  small  quantity, 
and  dried  merely  by  exposure  to  the  air ;  if  it  be  rubbed,  even  un- 
der water,  it  explodes  with  a  violent  detonation,  though  not  so  pow- 
erfully as  the  previous  body.  The  cloud  of  hydriodate  of  ammonia, 
formed  by  its  decomposition,  is  very  evident ;  it  therefore  contains 
hydrogen,  and  I  look  upon  it  as  a  bimodide  of  ^midogene,  Ad.Ij. 

A  corresponding  compound  containing  bromine  has  been  formed. 

By  the  action  of  ammonia  on  metallic  oxides,  a  numerous  class 
of  bodies  may  be  formed,  which  all  possess  more  or  less  violent 
detonating  properties  ;  they  all  contain  combined  water.  It  is  im- 
possible to  say,  positively,  whether  the  ammonia  exists  undecom- 
posed  in  these  bodies;  I  rather  think  it  does,  and  I  shall  hence 
term  them  a/nmoniurets. 

^mmoniuTet  of  Silver. — This  is  the  most  violent  of  all  these  com- 
pounds: it  is  prepiired  by  digesting  recently-prepared  oxide  of  sil- 
ver in  water  of  ammonia,  or  by  dissolving  nitrate  of  silver  in  an  ex- 
cess of  water  of  ammonia,  and  precipitating  the  solution  by  caustic 
potash.  It  is  a  brown  powder,  which  detonates  violently  by  the 
Bligliiest  shock  or  friction  ;  when  exploded,  it  is  said  to  produce 
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water,  azote,  and  metallic  silver,  which  should  give  for  its  formula 
N.Hj+SAg.O.+Aq.  But  the  facility  of  its  decomposition,  which 
has  been  the  cause  of  many  serious  accidents,  has  prevented  it  Le- 
ing  accurately  analyzed. 

Mnimonitiret  of  Gold,  Au.0j+2Ad.H.,  is  produced  by  the  action 
of  water  of  ammonia  on  peroxide  of  gold.  It  is  a  brown  powder, 
nearly  as  explosive  as  the  former  body,  but  it  has  been  accurately 
analyzed  by  Dumas.  These  bodies  are  known  as  Fulminatiyig  Gold 
or  SUver. 

The  ^nimoniuret  of  Platinum  is  formed  by  digesting  hydrated 
oxide  of  platinum  in  water  of  ammonia.  It  is  a  Hght-brown  powder, 
not  yet  analyzed,  and  quits  different  from  the  impure  substance 
described  in  books  as  Dave's  fulminating  platinum. 

I  have  examined  the  aimiuniiiirds  of  Cepp^  aiid  Mn'cuis  formed  by  digesling  the 
osides  of  these  metals  in  water  of  amtuonla:  the  first  is  blue,  the  second  yellow  j 
their  formnlae  are  3Ca.O.+2Ad.H.+6  Aq.,  snd  3Hg,0+Ad.H.+2  Aq.  They  de- 
tonate feebly  when  healed.  There  e;£ist,  also,  conipounds  of  ammonia  with  the  ox- 
ides of  uranium,  of  iron,  and  of  osmium,  which  have  not  been  accurately  eximiined. 

Ey  IheactloQOf  heat  on  some  metallic  compounds  of  ammonia,  true  nitraretsof 
the  metals  have  been  otjtainei),  of  which  the  most  remarkable  are  those  of  copper 
and  mercury.  The  nitmrel  of  Copper  was  formed  by  passing  ammonia  over  anhy- 
dioos  oiide  of  copper  at  a  temperature  of  490"  Fah. ;  water  is  evolved,  and  the 
nitrogen  and  copper  unite,  forming  a  black  powder,  wliich,  at  the  temperature  of 
540",  isdecomposed,  with  the  evolution  of  a  red  light,  into  its  elements.  Its  formula 
appears  to  be  OugN.,  which  corresponds  to  the  suboxide  CujO.,  as  when  replacing 
oiygen  ^  is  equivalent  to  O.  (see  p.  362)  and  Cu6N.=3(Cna+g).  Schrteter,  to  whom 
the  discovery  of  the  above  compound  is  due,  formed  also  a  nitruTel  of  Chrome,  whose 
formula  is  not  quite  ascertainea. 

Ammonia  is  absorbed  in  large  quantities  by  the  chlorides  of  phosphorus  and  of 
tulphur,  and  substances  produced  which  possess  singular  properties. 

Ammmiacal  Pralochleride  of  Pko^iitmis,  P. Ch-t-5Aa.H.,  is  obtained  by  eiposiug  the 
liquid  chloride  of  phosphorus  to  a  current  of  dry  ammonia.  Il  forms  a  while  pow- 
Jer,  which,  wlien  put  in  contact  with  water,  produces  sal  ammoniac,  and  an  insol- 
uble white  substance  that  has  not  been  analyzed;  the  reaction  is  probably  that 
3(CLH. ,  Ad.H.Jand  P.NjHa  result.  If  the  ammonia  cal  proiochloride  of  phosphorus 
be  calcined  without  access  of  air,  a  very  remarkable  body,  phoiplmret  of  Azote,  the 
fonuula  of  which  Ls  P.Na,  is  produced,  while  phosphorus,  hydrogen,  ammonia;  and 
sal  ammoniac  are  expelled.  The  phosphnret  of  azote  is  insoluble  in  water,  and  re- 
sists the  action  of  the  most  powerful  acids  and  alkalies.  The  composition  of  ^e 
tammoniacal  pss-cUorides  of  PiespAonis  is  not  quite  certain,  as  these  bodies  appear  to 
decompose  each  other.  The  formula  is  P.Cis-l-SAd.H.  When  caicined  they  yield 
phosphnret  of  azote. 

Giaseous  ammonia  and  chloride  of  sulphur  combine  in  two  proportions,  according 
as  each  ingredient  is  in  escess.  The  formulte  of  these  bodies  are  S.Cl.-l-Ad.H.  and 
B.C).+2Ad.H.  The  former  is  a  brown  powder, soluble  in  alcohol  and  ether;  the 
latter  is  a  citron-yellow  powder.  Thev  are  remarkable  for  delivering  as  a  product 
of  their  decomposition,  by  water  or  by  neat,  the  sidphirst  of  AzoU  (SsK.),  which  is  a 
volatile  yellow  powder,  decomposed  by  the  prolonged  action  of  water  into  ammonia 
and  hyposulphurous  acid  3(S3N.)  and  6H.O.  giving  SSaOi  and  SAd.H. 

When  chlorideof  sulphur  is  digested  with  water  of  ammonia,  a  brown  substance 
Is  formed,  whose  composition  is  CI. Si .  NaHe.  It  is  probably  formed  of  chloride  and 
,  amidide  of  sulphur,  S.Cl.-i-3(S.Ad.) 

Ammoniacal  gas  is  absorbed  in  great  quantity  by  the  volatile  chlorides  of  boron, 
araenic,  tin,  and  titanium-  The  compounds  formed  are  while  and  crystalline ;  they 
are  decomposed  by  water,  and  the  solution  contains  sal  ammoniac,  and  the  racial 
or  the  boron,  in  combination  with  orygen. 

There  are  few  metallic  salts  which  do  not  absorb  ammonia  when  exposed  to  a 
current  of  the  diygai;  bnt  certain  metals  are  specially  distinguished  by  the  charae- 
■-■'■-■  -  monia  added  to  their  solutions  produces  precipitates  which  either  contain 
T  amtdogene,  as^  the  case  with  mercury,  palladium,  nnd  platinum,  or 
is  of  tfic  ammonia  the  precipitate  is  redissolved,  and  soluble  compounds 
ammonia  are  produced,  as  occurs  with  zinc,  copper,  nickel,  cobalt,  and 
ium  and  platinum.    The  number  of  combinations  thus  formed  is  so  very 
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1.  Ammonia-Salts  of  Zinc. 

Dry  sulphate  of  zinc  exposed  to  a  current  of  drj  ammonia  absorbs  it,  prOdnclnjja 
*vhite  powder,  2(Zn.O.  .  a.0jJ+5Ad.H.,  wliioh  dissolves  perfectly  in  water. 

If  water  of  ammonia  be  adaed  lo  a  solution  of  chloride  of  zinc,  a  basic  ehUride  is 
precipitated,  wbich  being  tedissolved  by  aa  excess  of  ammonia,  a  coloarlesa  aolii- 
lion  is  obtained,  which  crystallizes  on  cooling.  According  to  tbe  proportion  of  am- 
tnonia  in  excess,  I  have  Ibund  that  one  or  aluer  of  two  compounds  may  be  formed, 
□□e  in  lone  and  brilliant  prisms,  tlie  other  in  line  pearly  tables.  Thp  latter  salt  con- 
Elsts  of  Zn.Cl.+2Ad.H.+IL0.,  the  fomer  of  a(Zn.Ci.)+3Ad.H.+K0.  In  these 
Sails,  as  in  all  such  as  are  produced  by  the  action  of  an  excess  of  ammonia  on  a 
metallic  salt,  I  consider  Chat  the  acid  exists  combined  with  ammonia,  and  not  wilh 
IIiB  metallic  oxide,  in  wMch  they  difiet  essentially  from  those  produced  by  the  di- 
rect absorption  of  ammonia  by  a  salt,  in  which  I  conceive  tlie  union  of  the  acid  and 
oiide.not  lo  be  disturbed.  Heneel  write-ihe  formula  of  the  toiitlH-oTOiMimia-ti^iiride 
.  e/iJitwas  Ad.H.  ,H.Cl.+Ad.H. .  Zn.O.  When  heated  it  gives  off  ammonia  and 
water,  and  a  white  powder,  Ad.H. .  Zn.Cl.,  remains. 

By  the  action  of  an  excess  of  ammonia  on  a  solution  of  sulphate  of  zinc,  the  oM- 
fttifiua  ntlpkate  of  Zinc  is  formed ;  its  formula  is  Ad.H. .  H.O.  .  S.Oi+Ad.H. .  Zn.O. 
It  crystallizes  m  short  prisms;  when  healed  it  evolves  Ad.H.  .  H.O,,  and  a  wiiite 
powder,  Ad.H. .  Zn.O. .  S.Oo  remains.  In  crystals  it  contains  3  Aq.,  of  which  it 
loses  two  by  efSorescence,  and  the  third  by  a  moderate  heal. 

2.  Ammonia-Sahs  of  Copper. 

Chioride  of  copper  absorljs  dry  ammonia,  forming  a  blue  compound,  Cu.C1.4-3Ad. 
H.,  soluble  in  water. 

When  ammonia  is  added  to  a  strong  and  hot  solution  of  chloride  of  copper,  until 
the  precipitate  which  first  forms  is  perfectly  redissolved,  a  deep  purple  liijuor  is  . 
produced,  from  which  oetohedral  crystals  aie  deposited  on  cooling.  Their  for- 
mula is  Ad.H. .  H.Cl.+Ad.H. .  Cu.O.  When  heated,  these  crystals  evolve  am- 
monia and  water,  and  a  blue  powder,  Ad.H. .  H.C1.,  remains,  which  is  totally  decom- 
d  by  a  strong  heat. 


a  gives,  with  a  strong  solution  of  sulphate  of 
copper,  a  rich  pnrple  liquor,  from  which  the  aaimomaad  su^pkale  of  Cop-  r. 
per  crystallizes  on  oooUng  in  lai^  r^hl  rhombic  prisms,  «,  «',  with 
dihedral  summits,  i,  i,  as  in  the  figure,  m  being  a  secondary  plane.    I  L   I  ,i 
consider  these  crystals,  however,  to  be  maeles.    The  formula  of  this  I 
salt  is  Ad.H. .  H.O. .  S.Os+Ad.H.  .  Cu.0.    When  heated,  it  gives  off  N^ 
ammonia  and  water,  and  agreen  powder,  Ad.H. .  OilO.  .  S.Oa,  remains.      ^ 

Under  the  naitm  ot  aipmm  amininiiaiiini,  the  ammoaiacal  sulphate  of  copper  is  _. 
ployed  in  medicine.    It  is  then  prepared  by  rubbing  together  sulphate  of  copper  ai 
carbonate  of  ammonia  in  a  mortar.    The  mass  becomes  pastv,  owing  to  the  wat 
of  crestallizaiion  of  the  sulphate  of  copper  becoming  free,  and  carbonic  acid  is  giv- 
en off     Ttis  piirple  mass  which  results  is  soluble  in  water,  and  generally  contains 
.  carbonate  of  ammonia  in  excess. 

When  a  hot  and  strong  solution  of  nitrate  of  copper  is  decomposed  by  an  excess 
of  ammonia,  and  allowed  to  cool,  the  avmoniacal  niirale  of  Capper  crjslallizes  in 
rhombic  oetohedrons  of  a  fine  purple  colour;  lis  formula  is  Ad.H. .  H.O.  .N.Oj-l- 
Cn.Ad.  In  this  body  riiere  is  no  doubt  of  the  metal  being  combined  with  amidt^ne, 
and  not  the  oxide  wilh  ammonia;  hence  probably  arises  its  remarkable  character 
of  deflagrating  violently  when  heated  until  it  begins  to  malt. 

The  iodide  and  fluoride  of  copper  produce  compounds  resembling  those  of  the 
chloride. 

3.  .Ammonia-Salts  of  Jfickel  and  of  Cobalt. 
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4'.  Ammonia-Salts  of  Silver. 

The  chloiide  of  silver  is  soluble  ii\  water  of  ammonia.  The  solution  gives  opaqua 
while  rhombic  crystals,  which  exbale  ammonia  when  exposed  to  the  air,  and  leave 
chloride  of  silver. 

When  the  sulphate  or  the  nitrate  of  silver  is  treated  with  an  excess  of  water  of 
Himnonia,  colouilesa  solutions  are  obtained,  which  yield  by  evaporation  double  salts, 
in  rhombic  prisms,  having  the  ibrmolie  Jld.H. .  H.O. .  S.Os+Ag.Ad.  and  Ad.H.  .H. 
,  0, ,  N-Oj+AgJld.  In  bo3i  salts  the  silver  is  combined  with  amidogene.  Chromate 
ofailverand  ammonia  gives  a  similar  salt  The  aramoiiia-nitrate  of  silver  is  employ- 
ed in  testing  for  arsenic  and  In  preparing  fulminating  silver.  A  remarkable  prop- 
ta-iy  pf  it  is,  thai  when  fused  it  evolves  ammonia  and  nitrogen,  and  metallic  silver 
TeBiains  mixed  with  ordinary  nitrate  of  ammonia,  and  coats  the  sides  of  the  glass 
couiaining  it  with  a  brilliant  mirror  surface.  B)  a  higher  temperatme  the  nitrate 
of  ammonia  is  decomposed,  and  nitrous  oxide  evolied 

S.  Ammonia-Salts  of  Palladium. 

This  metal  is  remarkable  for  giving  with  ammonia  two  senes  of  salts,  of  whicn 
one  is  soluble  and  the  other  insoluble  in  water 

■When  ammonia  is  added  to  a  solution  of  piotochlonde  of  palladium,  a  flesh-col- 
oured precipitate  is  produced,  having  the  formula  PdCl  Ad  H  When  more  am- 
monia is  added,  it  dissolves,  and  from  the  solution  the  second  salt  crjstallizea  ia 
long  rectangular  prisms,  having  the  formula  Ad.H..  H.Cl.+Pd.O-.H.Ad.  By  a 
gentle  heal,  an  atom  of  water  is  given  off,  and  the  metal  exists  then  in  liie  salt  as 
amtdide.  li,  in  a  solution  of  this  salt,  the  excess  of  ammonia  be  neutralized  by  mu- 
riatic acid.a  yellow  crystalline  precipitate  ibims,  which  lias  Ihe  same  formula  as  the 
flist  salt,  Pd.CL-|-H.Ad. 

With  solution  of  sulphate  of  palladium  andwaterof  ammonia,  a  precisely  similar 
aeries  of  salts  is  formed  j  the  firet  being  flesh-red,  Pd.O. .  S.Oa^-H.Ad.;  the  second 
salt  in  colouiless  prisms,  Ad.H.  .H.O. .  S.Oj-t-Pd.O. .  H.Ad„  and,  when  diied,  the 
last  member  becoming  Pd.Ad.;  and  by  a  smtdl  quantity  of  an  acid,  a  crystalline 
preeipiiate,  which  consist?  also  of  Pd.O. .  S.Os-l-H.Ad. 

The  iodide  of  palladium  gives  similar  salts.  With  the  nitrate  no  other  than  the 
cokurless  crystalline  salt  can  be  obtained,  whose  form  is  thin  rhombic  plates,  Ad. 
H..H,O..N.Os+Pd.Ad.  When  heated,  it  deflagrates  like  loose  gunpowder,  and 
leaves  behind  metallic  palladium  as  a  black  powder. 

In  the  red  and  yellow  insoluble  ammonia-salts  of  palladium,  although  the  experi- 
mental composition  is  the  same,  I  consider  that  an  important  difference  of  eonstitu- 
tiott  exists.  The  red  sails  are  formed  by  addina  ammonia  to  a  simple  salt  of  the 
metal;  direct  union  then  occurs,  and  we  have,  for  example,  Pd.Cl.+H.Ad.  But 
when  we  form  the  yellow  salt  by  adding  an  acid  to  a  solution  of  the  soluble  ammo- 
nia-salt, I  conceive  that  Che  acid  unites  directly  with  the  amidide  of  the  metal,  and 
■tfius  forms,for example, Pd.Ad.-l-H.Cl.  Theyellowammonia-iodide,Pd.Ad.-i-H.I., 
gradually  changes  iiselfhack  into  the  red  substance,  Pd.I.+H.Ad. 

6.  ^mmoma-Salts  of  Mercury, 
From  the  great  iiiflaence  these  bodies  have  had  on  the  theory  of  ammonia,  and 
their  importance  in  pharmacy,  the  merenrlal  compounds  contaming  ammonia  de- 
serve more  detailed  notice  than  those  of  any  other  metal. 

A.  Action  of  Ammonia  on  the  Haloid  Salts  of  Mercury. 

When  corrosive  sublimate  is  healed  in  a  current  of  diy  ammoniacal  gas,  it  unites 
therewith,  forming  a  white  compound,  fusible  and  volatile,  having  the  composition 
21Ig.CI.-|-H.Ad.  By  contact  with  water,  this  body  is  decomposed  into  sal  alem- 
bioth  and  while  predpilale ;  the  former,  a  compound  of  sublimate  and  sal  ammo- 
niac, dissolving,  and  the  latter,  whose  composition  will  be  next  studied,  separating 
Its  a  whi;e  powder. 

If  we  add  CO  a  cold  solution  of  corrosive  subliwalea  very  slight  excess  of  ammo- 
nia, a  copious  white  precipitate  isproduced,  and  the  liqiior  is  found  to  contain  exact- 
ly half  the  chlorine  of  the  sublimate  combined  with  hydrogen  and  ammonia  as  sa] 
ammoniac;  the  white  powder,  which  had  been  known  to  the  early  chemists  as  fV/aU 
Pridpitale  of  Mercwy,  contains  aU  the  mercury  and  the  remaining  half  of  the  chlo. 
rine  of  the  sublimate.  It  was  supposed  to  contain,  also,  ammonia  and  oxygen,  but  I 
have  proved  that  it  contains  only  tne.  elements  of  amidogene  and  no  oxygen;  that  its 
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lOTiiiula  is  Hg.Cl.+Hg.Ad.,  it  being  a  irue  chloro-amidide  of  mercury.    Tiic  theory 


•ADg,  by  inte: 

J.      ^,— = _„._td.,  which  p.._.^ , 

ajid  H.CL-i-H.Ad.,  which  remains  dissoived.  This  was  the  first  instance  in  which 
amidogene  was  discovered  to  be  combined  wiiii  a  melal,  and  from  its  establishment, 
the  true  coastitution  of  ammonia  was  iirst  recognised. 

W&ite  Fieds^late  is  insoluble  in  cold  water.  It  is  decomposed  by  boiling  waier, 
two  atoms  of  which,  reacting  on  two  of  wliite  piecipitaie,  nrodnce  sal  ammoniac, 
which  dissolves,  and  a  heavy  yellow  powder,  which  is  insoluble  in  water,  and  has 
[he  formula  Hg.CI.+SHg.O.+Hs-Ad.  Tills  body  is  completely  analogous  Co  the 
osyehloride  of  mercury,  Hg.Cl.+JHg.O.,  from  which  it  may  be  preparfid  by  theac- 
tion  of  aimuoniacai  gas,  ifie  third  atom  of  Hg.O.  and  H.Ad.  giving  Hg.Ad.  and 
H.O.,  which  is  eipelled.  When  white  precipitate  is  heated  suddenly,  it  is  totally 
conve.led  Into  cafomei,  nitrogen,  and  ammonia,  bot  by  carefUl  management  of  the 
heat,  sublimate  and  ammonia  are  given  off,  and  a  red  powder  remains,  which  is  a 
compound  of  chloride  and  nitruret  of  mereury,  H^.Cl.+HgsN. ;  or,  rather,  as  the  ni- 
trogen here  replaces  oxj'gen,  and  has  hence  the  one  third  atomic  weighl,  Hg.CL+ 
3Hg.5,  eractly  analogous  to  the  oicycliloride ;  by  careful  management,  all  the  subli- 
mate may  be  eipelled,  and  the  azotiu-el  ofMereimj,  Hg,",  is  obtained  as  a  brawn  pow- 
der, which  detonates  with  great  violence  when  struck. 

The  while  precipitate  which  lias  been  now  described  most  be  distinguished  firan 
another  body  which  has  been  confounded  with  it  in  the  pharmacopiEias,  until  ^ie 
difference  was  shown  by  Woehler's  observations  and  my  analysis.  This  second  or 
beta-white  precipitate  is  prepared  by  adding  caustic  potash  to  a  cold  solution  of  the 
double  salt  formed  by  corrosive  sublimate  and  sal  ammoniac.  It  may  also  be  form- 
ed by  boiling  alpha-white  precipitate  in  a  solntion  of  sal  ammoniac  It  has  a  crys- 
lalline  aspect,  and  is  not  decomposed  by  boiling  water;  when  heated,  it  luses,and 
gives  off  ammonia  and  azote^  while  a  miitura  of  calomel,  sublimate,  and  sal  ammo- 
niac sublimes.  Its  Ibrmula  is  very  simple,  Hg.CI.-1-H.Ad.;  but  it  may  also  be  look- 
ed upOD  as  a  compound  of  alpha-whiie  precipilaie  and  sal  ammoniac,  (Hg.Cl.-t- 
Hg.Ad.)-|-{H.Cl.-|-H.Ad.)=3(Hg.CI.-l-H.Ad,), 

when  calomel  absorbs  dry  tunmoiiia,  it  forms  a  dark  gray  powder,  which  is  3 
HgaCl.-l-H.Ad. ;  by  a  gentle  heat  all  ammonia  may  be  espelled,  and  the  calomel 
remains  quite  white. 

If  the  calomel  be,  however,  digested  in  water  of  ammonia,  one  hall' of  its  chlorine 
is  coaverled  into  sai  ammoniac,  and  a  dark  gray  powder  results,  which  is  a  com- 
pound of  sobchloride  and  snbamidide  of  mercury,  HgsCl.+H^Ad,  This  body, 
which  I  have  termed  Blade  Predpilaie,  is  formed  by  a  similar  reaction  to  that  by 
which  alpha-wbite  precipitate  is  produced,  SH^Cl.  and  2H.Ad.  giving  Hg^Cl.-jr 
HgjAd.  and  H.Cl.-|-Ii.Ad.  By  several  ehemisla,  the  action  of  water  ol  ammonia 
on  calomel  is  given  as  a  means  of  preparing  black  oxide  of  mercury,  which  is  quitt 
incorrect.    The  componnd  formed  contains  no  oxygen. 

The  action  of  the  bromides  of  raereviry  with  ammonia  has  not  been  S9  minately 
studied  as  that  of  the  chlorides !  ilisknown,  however,  that  bromide  of  mercury  gives 
wltb  water  of  ammonia  a  white  precipitate,  consisting  of  bromide  and  amadide,Hg. 
Br.+Hg.Ad,,  and  analogous  to  the  alpha-white  precipitate.  The  subbromide  of 
mercury  produces  with  water  of  ammonia  a  black  powder,  consisiingof  HgjBr.-f- 
HgiAd. 

Iodide  of  mercury  dissolvesplentifullyinhotwater  of  ammonia,  and  the  solution 
deposites,  on  cooling,  long  prisms  of  a  snow-white  colour,  which,  however,  rapidly 
eihale  ammonia  when  exposed  to  the  air,  and  leave  red  iodide  of  mercury  in  pseu- 
domorphous  crystals.    This  white  body  has  the  formula  3Hg.I.-(-H.Ad. 

There  is  no  iodine  compound  analogous  to  alpha-while  precipitate;  but  when  that 
substance  is  warmed  in  a  solution  of  iodide  of  potassium,  ammonia  is  evolved  and  a 
brown  powder  is  formed,  having  the  Ibrmula  Hg.I.-|-2Hg,0.-l-Hg.Ad. 

B.  Action  of  Ammonia  on  the  Osiygen  Salts  of  Mercury. 

Wliensulpliateof  mercury  is  digested  in  water  of  ammonia,  it  is  converted  into  a 
white  substance,  to  which  I  nave  given  the  name  oC  armtoma-lm/mOi.  It  is  not  act- 
ed on  by  water  nor  by  alkalies.  Its  formula  is  3Hs.0.-l-S.0s+HgJ\.d.  It  is  there- 
fore oiwnary  turpeth  mineral  combined  with  amadide  of  mercury. 

When  water  of  ammonia  is  added  to  a  solution  of  nitrate  of  mercury,  being  cold 


ite  precipitate  is  formed,  a  basic  ommimMyiiiirate,  which  i! 


found  to  consist  of  H.Ad.  .N.06-|-3Hg.O.    It  is  therefore  a  basic 

rv,  analogous  to  the  oidinary  basic  nitrate,  H.O. .  N.Os-l-3Hg.O.,  except  that  am- 
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monia(ami(lideDf  hydrogon)  is  subslituted  for  Hater  (oxide  of  hydrogen).  If  an  ex- 
cess of  ammonia  be'  added,  and  llie'  mixture  boiled,  tlie  wbile  Wecipiiale  becomes 
heavier  and  granular,  and  is  then  fonnd  lo  consist  of  Hg.Ad. .  N.Os+SHg.O.  TJiis 
substance,  the  0  bade  omBionio-niiraie,  is  evidently  analogous  to  the  former,  the  hy- 
drogen being  replaced  by  mercury,  and  it  corresponds  accurately  in  constitution  also 
In  the  ammonia- lurpeih. 

If  either  of  these  basic  ammonia-nitrates  be  boiled  In  water  containing  much 
nitrate  of  ammonia,  they  dissolve  and  form  double  salts;  that  usually  formed  is  in 
short  opaque  white  prisms,  having  the  very  simple  composition  4H8.0.+3(H.Ad. . 
H.O.  .  W.Oi);  but  as  it  is  decomposed  by  water  into  the  0  basic  ammonia-nitrate, 
its  formula  must  be  (Hg.Ad. .  N.OB-|-3Hg,0.)-l-2(H.Ad. .  N.Oi-h3H.O.).  The  don- 
ble  salt,  which  forms  less  frequently,  is  in  yellow  plates,  and  has  the  formula  (Hg. 
Ad. .  N.Os-H3Hg.O.)-|-(H.Ad. .  N.Oj .  H.OO. 

These  double  salts  may  also  be  generated  by  boiling  oxide  of  mercury  in  solution 
of  nitrate  of  ammonia.  If  the  common  basic  nitrate  of  mercury  be  boiled  in  a  solu- 
tion of  nitrate  of  ammonia,  this  is  decomposed;  the  ammonia  being  employed  iu 
forming  amidide  of  mereuiy,  and  the  nitric  acid  being  set  free,  as  may  be  recog- 
nised by  litmus. 

The  subsulphale  of  mercury,  HgjO. .  S.Os,  acted  on  by  water  of  ammonia,  pro- 
" a  black  powder,  the  formula  of  which  is  HgaO. .  S.Oa-l-HgiAd.:  it  is  easily 


By  acting  on  a  solution  of  subnitrate  of  mercur)'  in  wafer  w 
dilute,  and  In  such  quantities  as  to  leave  a  portion  of  the  mercurial  salt  unde compo- 
sed, a  fine  velvet  black  piecipilate  Js  obtained,  known  in  pharmacy  as  Hahnemaim'i 
ud^itle  Mercury.  It  is  very  easily  decomposed  by  heal  or  by  an  excess  of  ammonia. 
In  Older  to  obtain  it  pure,  the  solution  should  be  quite  free  from  red  oxide,  and  not 
more  tlian  three  fourths  of  the  whole  quantity  of  mercury  should  lie  precipitated. 
When  quite  pure,  I  have  found  its  formula  lo  be  H.Ad. .  N.Os-l-SHgiO.,  it  being 
perfectly  analogous  to  rtie  common  basic  subnitrate  H.O.  .  N.Os+SHgjO.,  the  ox- 
ide of  hydrogen  being  replaced  by  the  amidide. 

The  results  with  the  odier  salts,  both  of  the  red  and  black  oside  of  mercury,  are 
similar  to  those  above  described ;  but  as  none  of  them  are  specially  important,  I  shall 
not  occupy  space  with  their  description. 

7.  Ammonia-Salts  of  Platinum, 

When  protoehloride  of  platinum  is  dissolved  in  muriatic  acid,  and  an  excess  ot 
ammonia  added,  a  green  precipitate  is  produced,  composed  of  Pt.CI.+H.Ad.  Il 
may  be  prepared  in  larger  quantity  by  passing  a  current  of  sulphurous  acid  gas 
through  a  solution  of  bidiloride  of  platinum  until  it  assumes  a  deep  brown  colour, 
and  then  adding  ammonia.  By  boiling  this  green  substance  in  strong  water  of  am- 
monia, it  fontis  a  white  powder,  the  formula  of  which  is  PuCl.+SH.Ad. 

The  action  of  ammonia  on  a  solution  of  bichloride  of  platinum  is  veiy  complex; 
it  elves  origin  to  a  series  of  bodies,  composed  of  bichloride,  binoiide,  and  binami- 
dide  of  platinum,  in  proportions  which  vary  with  the  temperature  and  proportions 
nsed.  The  ultimate  effect  is  the  formation  of  a  colourless  solution,  when  the  ammo- 
nia is  boiling  and  in  considerable  excess,  frocq^ which  a  white  powder  separates  by 
coolint  or.fo  the  addition  of  alcbhol.    This  powder,  which  consists  offPt.ClB-j-Pt. 
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c  acid  salt  by  healing  the  green  substance  PtCi.+H.Ad.  with  nitric  acid, 
and  the  other  salts  by  double  decomposition.  Liebig  proposed  to  consider,  that  in 
these  salts  (here  exists  a  compound  radical,  Pt.Cl. .  NjHe,  which  combines  with  chlo- 
rine and  with  oxygen,  and  the  oxide  of  which  unites  with  acids.  Thus  the  oxa- 
late contains  Pt.Cl. .  NjHjO.-l-CsOs,  &e.  But  as  the  gradual  formation  of  this  sup. 
posed  oxide  can  be  traced  ftom  the  bichloride  of  platinum,  we  must  admit  il  lo  con- 
tain a  compound  of  bichloride  and  binamidide,  similar,  in  many  respects,  to  white 
precipitate,  and  we  must  look  upon  the  salts  formed  by  Gros  as  consisting  of  that 
compound  united  to  ordinary  ammoniacal  salts,  just  as  are  the  double  ammonia-ni- 
trates of  mercury. 
The  formuls  of  Gtos'b  salts  are  upon  my  view : 

(Pt.ClH-PtAds)+S(H.O.  .  H.Ad.).  the  base  of  the  series. 

(Pt.Cls-|-Pt.Ad2)+S{H.Cl.  ,  H  Ad.),  the  muriatic  salt. 

(Pt.Cls-fPl.Adi.)-1-2(H.O.  .  N.Os .  H.Ad.),  the  nitric  salt. 

(Pt.CI,-j-Pt.Adj1-l-2{H.O.  .SO,.  H.Ad.],  the  sulphuric  salt. 

(Pt.Cl2.fPt,Adj)-|-2(H,0.  .  CjOa .  H.Ad,),  the  oxaUo  salt. 
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The  aclion  of  ammonia  on  liiniudide  of  platinum  is  more  simple;  a  Jeep  red  pow- 
der is  formed,  which  has  ihe  tbrmula  Pt.J3+Pt.Adi+4  Aq. 

Our  knowle^  of  ihe  action  of  ammonia  on  the  ox^en  salts  of  platinimi  is  yet 
too  ineiaot  to  justity  me  in  bringing  forward  here  the  statemenls  iltat  have  been 
made  conoexning  the  results. 

By  the  action  of  ammonia  on  perchloride  of  gold,  an  olive-brown  powder  is  pro- 
duced, which  fulminates  when  runhed.  It  is  decomposed  by  water,  and  its  real  tbr- 
mula has  cot  yet  been  established. 

Products  of  the  Action  of  Ammonia  ore  the  Anhydrous  Acids. 

When  chloro-sulpbnrous  acid,  S.O2CI.,  is  exposed  to  dry  amm.ouia,  it  is  converted 
into  a  n'hiie  saline  mass,  which  is  a  mijiture  of  sal  ammoniac  and  sidpi,^iid!4e,  3. 
O2CI.  and  3Ad.H.  giviag  S.OeAd.  Diid  H.Cl.+H.Ad.  The  former,  which  cocsUts 
of  amidogene  united  10  snlphurous  acid,  is  soluble  id  water,  and  may  be  obtamed 
crystallized,  hnl  when  boiled  with  wafer  il  is  changed  into  common  sulphate  of 
ammonia,  2H.0.  and  S.OjAd.  giviiig  S.Oa+Ad.H. .  H.O. 

When  dry  sulphurous  acid  and  ammonia  gases  are  mixed,  Ihey  combine  to  form 
a  reddish  substance,  which  is  decomposed  by  water ;  there  appear  to  be  two  propor- 
tions, giving  Ihe  bodies  S.Oj .  H.Ad,  and  SS.Oa .  H.Ad. 

Dry  sulphuric  acid  unites  with  dry  ammonia  in  two  proportions,  forming  S.O3 .  H. 
Ad.  andSd.Oj.  Hjid.  I  consider  these  compounds.as  corresponding  to  the  English 
and  German  hydrates  of  sulphtiric  acid,  the  ammonia  playing  the  part  of  water. 
A  solution  of  these  bodies  is  not  at  first  precipiiated  by  baiyies,  but  gradually  be- 
comes changed  into  ordinary  sulphate  of  ammonia. 

It  was  supposed  that  the  obloro-carbonic  acid,  C.O.Cl.,  combined  directly  with 
ammonia,  but  Regnault  has  Ibund  that  decomposition  occurs,  and  that  sal  ammo- 
niac and  amidide  of  carbonic  oxide  result.  This  body,  which  he  terms  card-amide, 
C.O.Ad.,  is  white,  ^Inble  in  water,  is  not  deliquescent,  and  resists  the  action  of  al- 
kalies and  acids,  unless  tliey  be  very  concentrated. 

Of  the  Common  Ammoniacal  Sails. 

From  the  great  numljer  of  classes  of  compounds  described  in  tlie 
preceding  sections,  it  ia  evident  that  ammoiiia  enters  into  combina- 
tion with  acids  and  with  bases,  with  haloid  and  with  oxygen  salts, 
in  such  manner  as  assimilates  it  fully  to  the  oxide  and  chloride  of 
hydrogen  in  its  action,  but  removes  it  totally  from  all  analogy  with 
the  .alkalies,  to  which  it,  in  other  points  of  view,  strictly  belongs. 
For  the  ordinary  salts  of  ammonia,  of  which  the  description  now 
comes,  are  isomorphous  with  the  corresponding  salts  of  potash,  and 
the  strong  basic  characters  of  the  solution  of  ammonia  had  given  to 
it,  from  the  earliest  times,  the  name  of  the  Volatile,  ov  the  Animal 
Alkali,  The  characteristic  distinction  is,  that  in  all  cases  where  it 
acts  as  aiT  alkali,  ammonia  is  associated  with  water :  it  is  not  Ad.H., 
.which  is_  the  alkali,  but  Ad.H.+H.O.,  or,  rather,  N.H.O.,  the  ele- 
ment  which  replaces  potassium  in  the  isomorphous  salts  being  sub- 
nmidide  of  Hydrogen,  Ad.Hj,  or  N.H,. 

At  the  time  when  Mitscherlich  showed  the  isomorphism  of  the 
potash  and  ammonia  salts,  nothing  was  known  of  the  true  constitu- 
tion of  ammonia  or  of  amidogene  ;  and,  in  order  to  explain  the  ne- 
cessity of  the  presence  of  water,  a  very  ingenious  theory  was  pro- 
posed by  Berzelius  and  Ampere.  It  was,  to  consider  that  these 
ammoniacal  salts  do  not  contain  ammonia  at  all,  but  another  com- 
pound of  nitrogen  and  hydrogen,  N.H,,  which  is  metallic,  and  re- 
sembles potassium  in  all  general  characters,  and  for  which  the  name 
Ammonium  was  proposed.  This  view  squared  accurately  with  ex- 
periment, as  in  every  oxygen  salt  of  ammonia  there  is  just  so  much 
water  as  may  form  with  the  ammonia  Oxide  of  Ammonium,  N.Hj 
0.  i  and  in  every  haloid  salt,  the  electro-negative  body  is  combined 
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with  as  much  hydrogen  as  may  convert  the  amraonia  into  the  com- 
pound metal ;  thus  N.H^ .  H.O.+S.O^  and  N.H,+H.C1.  would  give 
N.HjO.^S.Oa  Bud  N.H,C1.  Not  merely  was  this  theory  conso- 
nant to  numbers,  hut  experiment  gave  very  good  reason  to  believe 
in  the  real  existence  of  this  compound  metal,  by  the  remarkable 
properties  of  the  ammoniacal  amalgani. 

When  a  globule  of  mercury,  immersed  in  water  of  ommonio,  is 
made  the  negative  pole  of  a  galvanic  battery,  it  increases  fifty  times 
in  volume,  becomes  semi-fluid  and  covered  with  warty  excrescen- 
ces, and  finally  becomes  so  light  as  to  float  on  water.  No  hydro- 
gen is  evolved  from  its  surface,  but  oxygen  is  copiously  given  off 
from  the  positive  electrode.  If  the  ciirrent  be  interrupted,  a  copi- 
ous disengagement  of  hydrogen  occurs  from  this  metallic  sponge, 
which  also  gives  off  ammonia,  and  it  soon  falls  back  to  its  original 
appearance.  By  cold,  this  decomposition  may  be  retarded  ;  the 
pasty  mass  may  be  removed  from  the  liquor,  and  is  found  to  crys- 
tallize in  cubes  at  a  cold  of  0^  ;  and  if  decomposed  wh'en  dry  over 
mercury,  it  evolves  ammonia  and  hydrogen,  by  volume  in  the  pro- 

Eortion  of  2  :  J.  This  indicates  that  the  mercury  is  therein  com- 
ined  with  a  body  which  consists  of  N.H„  and  as  the  mercury  re- 
tains its  lustre,  the  compound  formed  is  properly  an  alloy,  and  the 
body  N.Hj  is  of  a  metallic  nature.  It  may  be  the  metal  Ammonium, 
almost  perfectly  isolated.  All  these  phenomena  may  be  observed 
by  dissolving  one  grain  of  potassium  in  100  grains  of  mercury,  and 
dropping  the  globule  into  a  glass  containing  strong  soSution  of  sal 
ammoniac.  By  the  .iction  of  K.Hg.  on  N.H,C1.,  there  are  pro- 
duced K.Cl.  and  Hg.N.H, ;  the  globule  of  mercury  swells  up  rapid- 
ly, and  the  amalgam  is  sufficiently  permanent  to  be  easily  examined. 
I  have  no  doubt  there  is  thus  obtained  a  substance  possessing 
some  metallic  characters,  and  consisting  of  ammonia  and  hydrogen  ; 
m  f&ct,subainidide  of  Hydrogen,  Ad-IU;  but  whether  the  water  which 
is  found  in  the  common  ammoniacal  salts  exists  therein  as  such,  or 
whether  these  salts  contain  true  oxide  of  ammonium,  is  not  thus 
decided.  In  fact,  among  the  metallic  compounds  of  ammonia  al- 
ready examined,  we  have  found  bodies  every  way  similar  to  the 
ordinary  salts  of  ammonia,  except  that  a  part  of  the  hydrogen  is 
replaced  by  a  metal.  Thus,  if  we  compare  sal  ammoniac  with  other 
similar  bodies,  as  in  the  following  formula, 

1.  CI.N.H4,  5.  Cl.N..H,Ni., 

2.  Cl.N. .  H,Cu.,  6.  Ci.N. .  H,Hg., 

3.  C1.N. .  H,Zn.,  7.  Cl.N. .  H.Hg^, 

4.  Cl.N. .  H^Pd.,  8.  Cl.N. .  HjPti, 

and  find  them  all  produced  by  the  action  of  ammonia  on  a  chloride 
of  a  metal,  just  as  sal  ammoniac  is  formed  by  the  action  of  am- 
monia on  chloride  of  hydrogen,  we  must  admit  their  similarity  of 
constitution ;  and  if  we  say  that  in  No.  I,  N.H^  forms  a  compound 
metal,  we  must  consider  all  the  others  as  chlorides  of  compound 
radicals  also.  Still  more,  the  connexion  is  so  perfect  from  these 
bodies  to  such  as  resemble  the  yellow  powder,  Hg.C!.+2Hg.0.-|- 
Hg.Ad.,  and  from  that  to  the  oxychloride,  Hg.Cl.-l-3Hg.O,,  that  if 
we  insist  on  assuming  the  compound  metal  ammonium  to  exist 
ready  formed  in  the  salts  of  ammonia,  we  must  lay  down  as  a  gen- 
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era)  principle  that  all  basic  salts  are  salts  of  compound  metals, 
whicb  could  not  be  tolerated  in  an  exact  scieaee  for  a  moment.  At 
the  same  time,  therefore,  that  I  consider  the  ammoniacal  amalgam 
to  contain  ammonium,  I  believe  it  to  be  formed  only  at  the  time, 
and  that  the  ordinary  salts  of  ammonia  contain  ammonia  and  water, 
the  latter  being  united  as  the  constitutional  water  is  in  the  magne- 
sian  sulphates,  but  more  intimately.  Thus,  sulphate  of  ammonia, 
S.Os+Ad.H..H.O.,  I  consider  to  resemble  the  bihydrated  sulphuric 
acid,  S.O3+H.O. .  H.O,  In  both  cases  an  atom  of  water  may  be  re- 
placed by  an  oxide  of  the  magnesian  class. 

It  will  be  necessary  only  to  notice  the  more  important  of  the  or- 
dinary salts  of  ammonia. 

Muriate  of  Ammonia.  Sal  Ammoniac— CLUiA-i.  Eq.666'8  or  53-5. 
This  salt,  formerly  derived  from  Africa,  is  now  manufactured  on 
the  large  scale  from  the  ammoniacal  liquor  obtained  in  the  destruc- 
tive distillation  of  horns,  bones,  coals,  and  such  other  organic  mat- 
ters as  contain  nitrogen.  Those  liquors  which  contain  ammonia, 
combined  principally  with  carbonic  acid  and  sulphuretted  hydrogen, 
are  decomposed  by  means  of  muriatic  acid  added  in  slight  'ixcess. 
By  evaporation  to  a  pellicle  and  cooling,  the  sal  ammoniac  is  obtain- 
ed in  small  crystals,  deeply  coloured  with  tarry  matter.  They  are 
purified  by  re-crystallization,  and  finally  placed  in  cast  iroji  pots, 
set  in  a  furnace,  lined  with  fire-tiles,  and  fitted  ivith  leaden  heads, 
into  which  the  sal  ammoniac  is  sublimed.  The  temperature  is  so 
managed  that  the  sublimed  salt  forms  a  coherent,  hemispherical 
mass,  often  weighing  100  lbs.,  and  when  pure  should  be  perfectly 
free  from  yellow  stains,  and  nearly  transparent.  If  muriatic  acid 
be  dear,  the  ammoniacal  liquor  may  be  neutralized  by  sulphuric 
acid  ;  sulphate  of  ammonia  is  formed,  which  is  decomposed  by  the 
addition  of  common  salt,  and  the  sulphate  of  soda  and  sal  ammo- 
niac separated  by  crystallization, 

Sal  ammoniac  is  very  soluble  in  water;  it  crystallizes  both  by 
sublimation  and  solution,  in  cubes  and  octohedrons;  it  is  slightly 
deliquescent,  and  is  soluble  in  alcohol;  it  volatilizes  below  a  red 
heat.  When  heated  with  lime  or  potash,  it  yields  ammonia,  as  de- 
scribed in  p.  499.  It  consists  of  an  equivalent  of  each  element,  its 
formula  being  H.CI.  .  H.Ad,  It  may  be  formed  by  their  direct  com- 
bination. When  equal  volumes  of  dry  muriatic  acid  gas  and  am- 
monia are  mixed  together,  the  two  gases  disappear,  and  a  snow- 
white  powder  of  sal  ammoniac  results.  Hence  arise  the  white 
fumes  when  a  rod  dipped  in  water  of  ammonia  is  brought  where 
chlorine  or  muriatic  acid  gas  is  evolved,  or  when  a  rod  dipped  in 
muriatic  acid  is  brought  to  where  ammonia  is  escaping.  It  thus 
renders  these  bodies  the  means  of  detecting  each  other, 

Sal  ammoniac  is  remarkable  for  the  number  of  double  salts  which  it  produces, 
and  of  wMch  some  deserve  notice. 

With  chloriiie  of  magnesium,  it  forms  the  anhydrous  salt  Ad.HjCl.-hMg.Cl., 
which  is  used  in  preparing  metaUic  magnesium. 

With  perchlortde  of  iron,  it  crystalliaes  in  fine  red  octohedrons,  FegCla-l-SfAd.Ht 
CI.),  When  these  are  heated,  sal  ammoniac  sublimes,  colouted  by  some  chloride 
of  iron,  and  forms  thus  the  glares  Martiafes. 

The  double  salts  formed  with  the  chlorides  of  copper,  zinc,  and  nickel,  ciystalliza 
in  cubes,  Tliey  are  all  composed  like  tliat  of  copper,  which  is  Cu.CL+Aa.HsCl.-l- 
3Aq. 
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CoiTOsiTO  sublimate  unites  in  two  proportions  with  sal  ammoniac.  The  first  salt, 
ofwlilcli  ihe  Ibrmula  is  Hg,Cl.+A(I.HiCl.+Aq.,  is  very  solwble  in  water,  and  crya- 
lallizes  in  flat  rhomboidal  tables,  which  effloresce  wlien  exposed  to  the  air.  Tliis  is 
the  Sal  AlejiUirM  of  ihe  older  chemists.  Tike  second  sail  crystallizes  in  rhomboidal 
prisms,  which  sublime  unchanged,  and  have  the  formula  iiHg.CI.+Ait.HiCl.  It  is 
by  the  formation  of  these  salts  that  corrosive  sublimate  becomes  so  easily  soluble  in 
a  solution  of  sal  ammoniac. 

Sal  ammotiiac  and  bichloride  of  platinum  form  a  double  salt,  whose  formula  is 
PtCli+Ad.HiGL    It  precipicates  as  a  bright  yellow  powder  when  solutions  of  its 


[  especially  if  alcohol  be  added,  in  which  it  is  qnite  ii 
ingfy  soluble  in '   "'      '    '  "    '    '    '" 


soluble.  It  is  but  very  sparingly  soluble  in  water,  but  more  so  in  boiling  water,  fium 
which  it  crystallizes  iti  orange-red  oeiohedrons.  When  ignited,  it  leaves  behind 
metallic  platinum  in  the  form  of  a  light  sponge.  It  is  of  use  in  preparing  spongy 
platina,  and  in  the  detection  of  ammonia. 

With  chloride  of  gold,  sal  ammoniac  forms  a  double  salt,  which  crj'Stallizes  in 
Diange-red  cubes,  having  the  formula  Au.Clj-l-Ad.HjCI.+SAq. 

The  hydrobromaie  and  hydriodate  of  amriionia  do  not  require  notice.  They  re- 
semble me  sal  ammoniac  in  al]  important  characters,  and  combine  with  the  metal- 
lic bromides  and  iodides  to  form  similar  double  sails. 

Hydrosulphuret  of  ■Atamonia. — When  sulphuretted  hydrogen  and 
ftinmonia  gasea  are  mixed  in  equal  volumes,  in  a  vessel  cooled  by 
ice,  they  combine,  forming  colourless  needles,  which  evaporate  at 
ordins'y  temperatures.  The  formula  of  this  compound  is  S.H.+H. 
Adi,  or  S.N.H4,  analogousto  protosulphnret  of  potassium,  S.IC.  Lilte 
that,  it  combines  with  as  much  more  siilphuret  of  hydrogen,  forming 
a  volatile  crystalline  compound,  Ad.H^S.-f  H.S.  This  biAydrosul- 
pkuret  of  jlniTMnia  is  formed  also  when  sulphuretted  hydrogen  is 
passed  into  water  of  ammonia,  as  long  as  it  is  absorbed.  For  each 
atom  of  ammonia  present,  two  atoms  of  sulphuretted  hydrogen  are 
taken  up.  By  exposure  to  the  air,  this  solution  becomes  yellow, 
.owing  to  the  absorption  of  oxygen  and  the  liberation  of  sulphur.  It 
is  capable  of  dissolving  n  large  quantity  of  sulphur,  forming  com- 
pounds analogous  to  the  higher  sulphurels  of  potassium.  This  hy- 
drosulphuret of  ammonia  is  of  great  importance  in  the  detection  of 
the  metals,  from  the  formation  of  metallic  sulphurets  It  is  a  sul- 
phur base,  and  forms  salts  with  tlie  sulphur  acids,  analogous  to  those 
formed  by  sulphuret  of  potassium. 

Sulphate  of  jlmmoma.—Ad.E^.O.S.O^  +  Aq.  This  salt  is  formed 
on  the  large  scale  in  the  manufacture  of  sal  ammoniac;  it  may  be 
prepared  pure  by  neutralizing  water  of  ammonia  by  sulphuric  acid;  it 
crystallizes  in  fiat  rhomboidal  prisms,  as  in  the  figure,  or  in 
macles,  isomorphous  with  the  crystals  of  sulphate  of  pot- 
I  ash.  It  is  very  soluble  in  water,  but  insoluble  in  alcohol ; 
I  when  healed,  it  gives  ofT  water,  avnmiinia,  and  anote,  and 
iulphite  of  ammonia  sublimes.  It  combines  with  the  sul- 
iliates  of  copper,  zinc,  iron,  alumina,  &c.,  forming  double  salts  ex- 
letly  analogous  to  those  formed  by  sulphate  of.  potash.  With  oil 
of  vitriol  it  unites  to  form  bisulp/iate  of  Ammonia,  which  is  deliques- 
cent and  soluble  in  alcohol. 

Xkrate  of  .Ammonia,  Ad.H^O.  -W.O,.  is  formed  by  neutralizing  ni- 
tric acid  by  ammonia.  It  crystallizes  in  striated  hexagonal  prisms, 
isomorphous  with  nitre,  of  a  bitter  saline  taste  ;  they  are  deliques- 
cent and  very  soluble  in  water.  When  healed,  they  fuse  at  230', 
and  at  about  460  are  rapidly  decomposed  into  nitrons  oxide  and 
water,  as  described  p.  272.  Bv  the  presence  of  a  large  escess  of 
sulphuric  acid,  this  action  takes  place  at  much  lower  tempcnUures. 
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When  heated  with  combustible  bodies,  it  deflagrates  with  extreme 

PiMsphjitss  of  Ammonia. — The  trlbasic  phosphoric  acid  forms  with 
niiimonia  two  salts;  the  first,  whose  formula  is  (P.O.+Ad.H^O.+ 
t[.0.)-|-Aq.,  is  prepared  by  adding  the  acid  in  excess  to  water  of 
immonia  ;  it  crystallizes  in  rhombic  prisms,  which  are  very  soluble 
'XI  water.  Their  reaction  to  test-paper  is  strongly  acid.  If  the  am- 
monia be  added  in  excess,  a  salt  crystallizes,  possessing  nearly  ihe 
aame  characters,  except  that  its  reaction  is  alkaline,  and  its  formula 
P.O;-i-2tAd.H,0.)+II.O.  Both  of  these  salts  yield,  by  ignition, 
phosphoric  acid. 

^/nmoitiacO'Magiiesian  P/iosphale.^-When  a  solution  of  a  salt  of 
■magnesia  is  added  to  any  soluble  phosphate,  and  the  liquor  rendered 
ilkaline  by  ammonia,  a  ovyatalliue  precipitate  is  formed,  which  is 
soluble  in  acids,  sparingly  soluble  in  water,  but  insoluble  in  alkaline 
dqiiors.  Its- formula  is  P.Oi+(Ad.HjO.+2Mg.O.)  + 12  Aq.  Its 
formation  is  oftep  of  use  for  the  detection  of  magnesia,  and  il  is 
flceasionally  generated  in  urine  by  the  action  of  ammonia,  produced 
ay  the  spontaneous  decomposition  of  urea  upon  the  soluble  phos- 
,^)liates  of  magnesia  which  it  contains.  It  then  constitutes  a  com- 
mon variety  of  calculus. 

PhospliaU  of  Jimmonia  and  Soda.— This  salt,  of  which  the  formula 
IS  P.O,,+(Ad.H,0.-[-Na.O.+H.O.)4-8  Aq.,  is  easily  produced  by 
mixing  together,  in  solution,  sijt  pans  of  common  phosphate  of  soda 
and  one  of  sal  ammoniac.  On  cooling,  it  crystallizes  in  large  prisms, 
which  tflloresce  in  the  air.  When  heated,  it  gives  monobasic  phos- 
phate of  soda  and  free  phosphoric  acid,  as  a  source  of  which  it  is 
much  used  in  hlowpipe  experiments,  under  the  name  of  Microcosmia 
Soli.'    It  is  found  in  all  the  animal  fluids. 

Carbonates  of  Ammonia. — The  salt  which,  under  this  name,  is  used 
for  medicinal  purposes,  is  prepared  by  mixing  together  one  part  of 
eal  ammoniac  with  two  of  powdered  chalk,  and  exposing  the  mixture 
in  an  earthen  pot  to  a  heat  below  redness.  These  bodies  reacting, 
produce  chloride  of  calcium  and  carbonate  of  ammonia,  which  sub- 
limes, and  is  condensed  as  a  crystalline  semi-transparent  mass,  in  a 
dome-shaped  receiver,  which  is  fastened  on  the  subliming  pot.  By 
right,  this  should  be  a  neutral  salt,  Ad.H^CI.  and  Ca.O. .  CO;  giving 
Ca.CI.  and  Ad.H.O. .  CO, ;  but  a  quantity  of  ammonia  and  water  is 
given  off",  and  the  sublimed  salt  was  considered  to  be  a  sesquicarbon- 
ate,  consisting  of  2(Ad.H,0.)  4.3C.O,,  until  Scanlan  showed  that 
it  was  a  mixture  of  two  different  salts,  which  may  be  separated  by 
water.  Rose  has  recently  thoroughly  examined  the  carbonates  of 
ammonia,  of  which  there  are  a  great  number,  but  only  four  sufficient- 
ly important  to  be  noticed  here. 

The  proper  neutral  carbonate  of  ammonia,  Ad.HjO. .  CO,,  docs 
not  exist  except  in  combination,  but  its  compounds  are  very  nu 
merouB ;  it  forms, 

1st.  With  carbonate  of  water,  the  ordinary  Hr.arbonate  of  Ammonia, 
Ad.HjO. .  CO.  -f-H.O. .  CO;.  This  is  prepared  by  washing  the  com- 
mercial sesquicarbonate  svith  cold  water  pi-  alcohol,  when  it  remains 
behind  as  a  skeleton  of  crystalline  grains,  which  are  isomorphous 
with  bicarbonate  of  potash.     It  evaporates  spontaneously,  with  a 
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weak  odour  of  ammovija.  Its  solution  reacts  feebly  ftlltaline.  By 
pouring  on  the  commercial  sesquicarbonate  as  much  boiling  water 
as  dissolves  it,  and  letting  the  solution  cool  in  a  close  bottle,  so  that 
no  carbonic  acid  can  escape,  this  salt  may  be  obtained  in  large  rhom- 
boidal  crystals,  which  contain  one  and  a  half  atoms  of  water. 

2d.  The  substance  which  is  dissolved  out  of  the  sublimed  mass 
of  sesquiearbonate  by  alcohol  is  identical  with  that  formed  by  the 
union  of  dry  carbonic  acid  and  ammonia.  Its  formula  is  therefore 
Ad.H.  .  C.Oj,  and  the  ordinary  sesquiearbonate  is  a  mechanical  mis 
lure  of  it  with  the-  bicarbonate. 

When  the  sublimed  sesquiearbonate  is  distilled  at  a  moderato 
heat  in  a  retort,  it.  abandons'  carbonic  acid,  and  two  salts,  differing 
in  volatility,  are  condensed  in  the  neck.     The  more  volatile  consists 
of  Ad.HiO. .  C.O,+  H.Ad. .  C.0»  being  a  compound  of  neutral  carbo- 
nate with  dry  carbonate,  or  a  bicarbonate  in  which  the  basic  oxide  of 
hydrogen  is  replaced  by  amidide  of  hydrogen,  the  two  doubie  salts, 
Ad.H.O. .  C.O^+H.O.  .  C.Oj,  water-bicarbonate  of  ammonia, 
Ad.H,0. .  C.Oi+H.Ad. .  C.0„  ammonia-bicarbonate  of  ammonia, 
being  precisely  equivalent  in  composition.     The  less  volatile  product 
is  of  very  complex  composition  ;  its  formula  is  4(Ad.H;0.)+5C,02, 
or  it  consists  of  an  atom  of  neutral  carbonate  united  to  an  atom  of 
each  of  the  different  bicarbonates,  thus: 
Ad.H.O..C.O,  ) 

Ad.H.O. .  C.Oi+H.O.  .  CO,  \  =4(Ad.H,0.)  +  SC.Oi. 
Ad.H,0..C.0j+H.Ad.C0i     y 
Oxalate  of  Ammonia,  Ad.HjO. .  CjO;,,  may  be  prepared  by  neutral- 
izing osalic  acid  by  water  of  ammonia;  it  crystallizes  in 
,  right  rhombic  prisms,  as  in  the  figure,  where  p,  w,  w  are 
1  primary,  and  i,  t  secondary  planes.     These  crystals  con- 
ain  an  atom. of  water,  which  they  lose  by  efflorescence 
n  dry  air-     When  heated,  it  is  completely  decomposed, 
water  being  evolved,  and  oxamide  subliming,  Ad.H^O. .  Cj 
Oj  producing  2H.0.  and  Ad.QjOj.     This  neutral  oxalate  of  ammonia 
combines  with  oxalic  acid,  forming  a  binoxalate  and  a  quadroxalale 
like  those  of  potash. 

The  o:camide  may  also  be  prepared  by  acting  on  oxalic  ether  with 
water  of  ammonia,  or  by  dissolving  oxalic  acid  in  a  mixture  of  equal 
volumes  of  oil  of  vitriol  and  alcohol,  and  adding  ammonia  in  excess. 
It  is  a  light  white  powder,  tasteless  and  insoJuble  in  wafer ;  it  is  de- 
composed by  acids  and  by  strong  bases,  in  contact  with  water,  ox- 
alic acid  and  ammonia  being  regenerated.  Its  discovery  by  Dumas 
laid  the  foundation  of  our  present  knowledge  of  the  nature  of  am- 
monia, by  leading  him  to  the  idea  of  the  probable  existence  of  nmi- 
do  gene. 
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CHAPTER  XIX. 

OF  OVANOGEN  AND  ITS  COMPOUNDS,  AND  OF  THE  BOI 

Thekg  is  no  class  of  organic  bodies  of  which  our  knowledge  is 
more  extensive  and  exact,  than  those  ivhich  have  cyoiiog-en  as  their 
basis.  The  powerful  affinities  whicJi  this  radical  exerts,  the  simpli- 
city of  its  constitution,  and,  above  all,  our  being  able  to  prepare  it 
in  an  isolated  form,  and  to  generate  its  compounds  directly  from  it, 
as  we  could  those  of  a  truly  simple  body,  render  its  history  the  most 
advanced  portion  of  organic  chemistry,  and  that  to  which  the  anal- 
ogy" of  mineral  bodies  and  the  theory  of  compound  radicals  is  most 
undeniably  applicable. 

Cyanogen  does  not  exist  in  nature  ready  formed  ;  the  kernels  of 

[peaches,  plums,  bitter  almonds,  &;c.,  and  the  leaves  of  the  clierry- 
aurel,  yield,  by  simple  distillation,  abundance  of  pntssic  acid  (cy- 
anide of  hydrogen),  but  this  is  only  then  produced  by  the  decompo- 
sition of  other  substances  containing  nitrogen. 

Cyanogen  may,  however,  be  formed  abundantly,  and  in  a  simple 
manner,  by  bringing  its  elements  together  at  a  high  temperature,  in 
contact  with  substances  with  which  it  may  unite.  Thus,  when  any- 
organic  substance  containing  nitrogen  is  calcined  with  potash,  the 
nascent  carbon  and  nitrogen  unite,  and  cyanide  of  potassiuKi  is 
formed  j  even  with  pure  charcoal  this  occurs,  nitrogen  being  derived 
from  the  air;  and  Mr.  Fownes  has  shown,  that  when  a  mixture  of 
pure  charcoal  and  potash  is  ignited  in  a  tube,  and  a  current  of 
pare  nitrogen  passed  through  it,  this  is  absorbed,  and  carbonic  oxide 
gas  being  given  off,  cyanide  of  potassium  is  produced,  3C.  with  K.O. 
and  N.  giving  CO.  and  CjN.K.  By  the  aclioa  of  ammonia,  also,  on 
ignited  charcoal,  cyanogen  is  formed  in  abundance;  it  combines 
with  hydrogen  and  the  excess  of  ammonia,  and  produces  ptusaiate 
of  ammonia.  In  this  case  2C.  and  2N.H3  produce  CjH-+J^-Hj,  and 
H2  become  free.  It  is  by  virtue  of  these  processes  that  cyanogen 
ia  produced  for  its  various  applications  in  the  arts ;  but,  as  I  shall  re- 
turn to  them  in  detail,  I  shall  now  only  consider  farther  the  mode 
of  obtaining  it  free  and  pure. 

Cyanide  of  silver,  or  cyanide  of  mercury,  of  which  the  prepara- 
tion will  be  described  hereafter,  is  to  be  introduced  into  a  small 
glass  retort,  and  heated  to  just  below  redness;  a  gas  is  given  off, 
which  must  be  collected  over  the  mercurial  trough ;  the  cyanide  of 
silver  separates  simply  into  metal  and  cyanogen  ;  but  when  cyanide 
of  mercury  is  used,  a  brown  powder  appears,  the  quantity  of  which 
is  loss  as  the  temperaLure  of  decomposition  has  been  lower.  The 
gas  which  comes  over  is,  however,  cj'anogen  completely  pure. 

Its  properties  are  very  marked.    It  is  colourless,  of  a  sharp  smell, 
which  irritates  the  eyes.     Its  sp.  gr.  is  1S19.     If  a  quantity  of  cya- 
nide of  silver  be  sealed  up  in  a  strong  tube,  bent  as  in  the  figure, 
and  then  heated  at  one  end,  a,  the  cyanogen  is  condensed  hy  a  presa- 
Ttt 
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■■  of  about  four  almosplieies,  and 
collects  at  the  other  end,  b,  as  a  col- 
irless  liquid.  It  is  combustible, 
iniing  with  a  beauiifii]  rose-colour- 
ing- two  volumes  of  carbonic  acid  and  one  of 
t  is  constituied,  therefore,  of  equal  rolumes  of  carbon, 
nitrogen,  the  two  volutoes  being  condensed  to  one; 
■3  +  976  =  1819  is  its  sp.  gr.  It  dissolves  abundantly  In  al- 
cohol and  water,  but  these  solutions  soon  undergo  very  complex 
decompositions,  the  liquor  being  found  to  contain  carbonic  acid, 
prussic  acid,  ammonia,  urea,  and  oxalic  acid,  besides  a  brown  in- 
Boiuble  matter.  A  similar  decomposition  is  produced  much  more 
rapidly  by  contact  with  water  of  ammonia.  The  composition  of 
this  brown  matter  appears  to  be  C^N^ .  H.O.  It  dissolves  in  alkalies, 
and  gives  precipitates  with  the  metallic  salts;  it  has  been  termed 
hence  ^zulmic  ^cid.  When  heated,  it  gives  off  water,  and  leaves  a 
deep  brown  powder,  of  the  same  composition  as  cyanogen,  and 
which  has  been  tc^raaA  Faracyanogen.  This  may  be  also  formed  by 
healing  cyanide  of  mercury  very  strongly.  It  dissolves  in  hot  ni- 
tric acid,  and  the  solution  gives,  with  water,  a  yellow' precipitate, 
which  combines  with  bases,  and  has  been  termed  Paracyanic  Acid. 
By  Etioiig  ignition,  paracyanogen  evolves  nitrogen,  and  a  very  dense 

Cyanogen  combines  directly  with  hydrogen  and  with  the  metals, 
but  its  oxygen  combinations  require  to  be  indirectly  formed ;  there 
are  three  compounds  of  cyanogen  and  oxygen,  which  are  all  acids, 
and  are  polymeric  bodies.  It  unites  also  with  sulphur,  and  its  rom- 
pounds  have  a  remarkable  tendency  to  form  double  and  triple  com- 
binations. 

The  formula  of  cyanogen  is  indifferently  written  C^N.  or  Cy.  Its 
equivalent  number  is  328-6  or  2fi-05. 

SECTION  I. 

HO K- METALLIC    COJirOUNDS    OP    CYANOGEN. 

Compounds  of  Cyanogen,  and  Oxygen. 

Cyanic  Add — Cy.O. ;  Eq.  428-6  or  .S4-05— is  very  easily  obtaineil 
in  combination,  by  calcining  the  cyanide  of  potassium  in  contact 
with  the  air,  at  a  temperature  below  redness,  in  which  case  oxygen 
is  directly  absorbed ;  or  by  heating  the  cyanide  with  nitre,  or  with 
peroxide  of  manganese,  which  yield  the  oxygen  required.  For  this 
purpose  the  yellow  pruasiate  of  potash  of  commerce  may  be  em- 
ployed, as  the  cyanide  of  iron  which  it  contains  is  totally  decom- 
posed, and  the  cyanide  of  potassium  then  acts  as  if  it  were  com- 
pletely pure.  The  cyanic  acid  cannot,  however,  be  isolated  from 
these  salts  by  a  stronger  acid,  as  it  then  rapidly  changes  into  bicar- 
bonate of  ammonia,  uniting  with  the  elements  of  three  atoms  of 
water  ;  thus  C,N.O.  and  3H.0.  produce  N.H,  and  2C.0j. 

The  cyanic  acid  can  be  obtained  free  only  by  distilling  the  cyan- 
uric  acid,  CyA+3H,0.,  which  then  transforms  itself  into  the  hy- 
diated  cyanic  acid,  Cy.O.-J-H  O.,  and  is  to  be  collected  in  a  receiv- 
ex  surrounded  with  snow.     It  is  a  colourless  liquid,  of  a  very  pun- 
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gent  odour,  cauterizes  the  skin,  and,  when  mixed  with  water,  is 
decomposed  as  above  stated.  When  preserved  in  its  most  concen- 
trated form,  it  soon  transforms  itself  into  a  white  mai^s,  like  porce- 
lain, of  the  same  composition,  O^N. .  H.O2,  which  has  been  termed 
Cyanamelide.  This  body  is  insoluble  in  water,  but  by  heat  is  trans- 
formed back  again  into  hydrated  cyanic  acid,  and  by  strong  acids 
is  resolved  into  carbonate  of  ammonia. 

Oyanic  acid  does  not  exist  in  the  anhydrous  state. 

The  cyanic  acid  forms  but  one  series  of  salts,  being  monobasic; 
those  of  the  aikalies  are  soluble ;  the  others  are  white  insoluble 

Cyanate  of  Potash. — Cy.O. .  K.O.  The  yellow  prussiate  of  potash 
of  commerce,  being  roasted  in  an  earthen  dish,  absorbs  oxygen,  and 
the  cyanide  of  potassium  is  converted  into  cyanate  of  potash. 
When  the  mass  becomes  adhesive  from  the  fusion  of  the  product, 
it  is  to  be  digested  witb  alcohol,  from  which  the  pure  cyanate  crys- 
tallizes, on  cooling,  in  rhombic  tables  like  chlorate  of  potash.  In 
coniact  with  water  this  salt  is  rapidly  decomposed,  ammonia  being 
evolved,  and  carbonate  of  potash  formed.  If  dry  cyanate  of  potash 
and  dry  crystals  of  oxalic  acid  be  rubbed  together  in  a  mortar,  ox- 
alate of  potash  is  formed,  and  the  cyanic  acid  changes  into  cya- 
naraulide. 

Ct/anic  .Moid  and  .Mmmonia. — If  hydrated  cyanic  acid  be  placed  in 
contact  with  dry  ammonia,  they  combine,  and  form  a  white,  woolly 
mass,  which  dissolves  in  water,  and  acts  as  an  ordinary  cynnatel  It 
appears  to  contain  Cy.0.  +  H.0.+2N.Ha.  If  it  be  gently  heated  it 
gives  oft' ammonia,  and  is  transformed  into  an  impoftant  substance, 
Urea,  which,  though  thus  capable  of  being  artiiicially  produced,  will 
be  specially  described  as  a  product  of  the  organization,  in  another 
chapter.  Whenever  we  attempt  to  form  the  neutral  cyanate  of 
ammonia,  Cy.O. .  N.Hj .  H.O.,  urea  is  produced  ;  thus,  by  acting  on 
cyanate  of  silver  with  muriate  of  ammonia,  or  by  mixing  solutions 
of  sulphate  of  iimmonia  and  cyanate  of  potash.  But  still  we  cannot 
consider  urea  to  be  merely  cyanate  of  ammonia,  to  which  it  bears 
the  same  relation  that  cyanamelide  does  to  hydrated  cyanic  acid. 

Fulminic  ^cid. — Uy;0;+2H,0.  This  acid,  which  has  attracted 
much  attention  from,  the  detonating  properties  of  its  salts,  is  pre- 
pared by  tlie  action  of  nitcic  acid  on  alcohol,  in  presence  of  oxide 
of  mercury  or  silver.  The  reaction  ia  very  complex;  a  crowd  of 
products  of  the  oxidadon  of  the  alcohol  being  evolved,  as  aldebyd, 
formic,  acetic,  and  oxalic  acid,  Sic,  H  the  action  were  limited  to 
the  essential  conditions,  it  would  probably  consist  in  two  equiva 
lenls  of  alcohol  and  two  of  nitric  acid,  producing  one  of  acetic  acid, 
one  of  fulminic  acid,  and  eight  of  water ;  thus  2N.0,  and  2(C^H„0,) 
give  C^H^O^  and  C,NA,  besides  SH.O. 

The  fulminic  acid  cannot  be  obtained  in  an  isolated  form;  when 
we  attempt  to  scpavale  it  from  bases,  it  is  instantly  decomposed. 
Thus,  if  fulminate  of  silver  be  acted  on  by  dilute  muriatic  acid, 
chloride  of  silver,  and  a  peculiar  acid  containing  chlorine  and  cyan- 
ogen, fTre  produced.  The  fulminic  acid  is  bibasic,  and  forms  two 
series  of  sails,  of  which  the  neutral  contains  two  equivalents  of  fixed 
bnse,  the  acid  salts  containing  one  of  Jixed  base  and  one  of  water 
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Fulminale  of  Silver. — CyiOi  +  2Ag.O.  It  is  prepared  by  dissolv- 
ing silver  in  ten  pacts  of  nitric  acid,  specific  gravity  I'35,  and  pour- 
ing the  solution,  when  cold,  into  twenty  parts  of  rectitied  spirits  of 
wine.  The  mixture  is  to  be  gently  heated  till  it  begins  to  boil,  and 
then  left  to  cool  slowly.  The  fulminate  of  silver  ia  deposited  in 
fine  silky  crystals,  snow-white,  and  equal  in  weight  to  the  silver 
employed.  It  is  very  sparingly  soluble  in  cold  water.  It  detonates 
with  the  slightest  shock,  or  by  contact  with  sulphuric  acid.  When 
acted  on  by  a  caustic  alkali,  as  potash,  half  of  the  silver  separates 
as  oxide,  and  a  salt  is  formed, CyA+K  O..Ag.O.  If  it  be  dissoiv 
ed  in  warm  dilute  nitric  acid,  half  of  the  silver  is  also  removed  ani 
replaced  by  water,  and  on  cooling,  the  acid  fulminate  of  silver,  Cy, 
Oj-l-H.O. .  Ag.O.,  crystallizes  out.  This  explodes  more  readilj 
than  the  first  salt,  by  friction,  and  by  contact  with  oil  of  vitriol  oi 
chlorine  gas. 

By  digesting  these  fulminates  of  silver  with  metallic  zinc  oi 
copper,  fulminates  of  these  metals  with  two  atoms  of  oxide  ai-e  ob 
tained;  and  by  acting  on  these  salts  wilh  an  alkali  or  barytes,  salte 
with  two  different  bases  may  be  formed.  In  no  case,  however,  ca.i 
a  fulminate  containing  two  atoms  of  an  alkaline  base  be  produced. 
All  these  salts  possess  detonating  properties  more  or  less  violent. 

Fulminate  of  ike  Suboxide  of  Mercury.— CyiO-^+iHgiO.  This,  the 
most  important  salt  of  fulminic  acid,  is  prepared  by  dissolving  mer- 
cury in  nitric  acid,  and  treating  it  by  alcohol,  as  in  preparing  ful- 
minate of  silver.  As  the  solution  cools,  some  metallic  mercury 
precipitates,  and  the  fulminate  of  the  subo.tide  is  deposited  in  hard, 
opaque,  white  crystals,  generally  very  minute.  It  is  to  be  washed 
and  tedissolved  in  boiling  water,  and  crystallizes  then  in  fine  silky 
needles.  This  salt  detonates  violently  when  struck  between  two 
hard  bodies.  It  is  extensively  used  in  the  manufacture  of  the  per- 
cussion caps  used  for  firearms.  As  a  great  quantity  of  alcohol  is 
wasted  in  this  process,  it  was  proposed  to  carry  on  the  action  in 
close  vessels,  and  condense  the  spirit,  which,  however,  was  found 
to  be  unfit  for  any  but  the  same  use,  from  coniaioing  a  large  quan-- 
tity  of  prussic  acid. 

Cyanuric  ^Mi/.— CyjOs+SH-O. 

This  acid  is  produced  under  a  variety  of  circumstances  where 
the  elements  of  cyanic  acid  become  free.  Thus,  if  the  solid  chlo- 
ride of  cyanogen  be  treated  with  water,  Cy.CI.  and  H,0.  produce 
H.CI.  and  Cy.O.,  but  this  transforms  itself  immediately  into  cyanu- 
ric acid.  It  is  formed  abundantly,  as  a  white  sublimate,  ,in  the  dry 
distillation  of  urtc  acid,  and  may  be  very  simply  produced  by  heat- 
ing' urea  a  little  above  its  point  of  fusion  in  a  glass  retort  j  ammo- 
nia is  given  off,  and  the  urea  changes  into  a  dry,  gray  mass,  which 
is  to  be  dissolved  in  strong  sulphuric  acid,  and  treated  with  nitric 
acid,  added  infsmall  quantities,  until  it  becomes  quite  colourless. 
Being  then  diluted  with  its  own  weight  of  water,  the  liquor  yields 
crystals  of  cyanuric  acid  on  cooling.  It  is  evident  that  three  atoms 
of  urea,  3(CJl4 .  NjOj),  contain  the  elements  of  three  atoms  of  am- 
monia and  one  of  cyanuric  acid,  CjNnOj+SH.O. 

By  means  of  a  substance  which  will  be  hereafter  noticed,  termed 
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J0dam,  cyanuric  acid  may  be  formed  simply  and  in  quantity.  The 
details  of  the  process  will  be  given  when  describing  the  properties 
of  that  body. 

Cyanuric  acid  is  colourless  and  nearly  tasteless,  possessing  a  very 
slight  acid  reaction.  It  crystallizes  in  obJique  rhombic  prisms,  which 
have  the  formula  Cy„03+3H.O.+4  Aq,  By  a  moderate  heat,  the  4 
Aq.  are  expelled,  and  when  more  strongly  heated,  the  dry  acid  chan- 
ges into  hydrated  cyanic  acid.  This  acid,  being  tribasic,  forms 
three  distinct  classes  of  salts,  which  differ  as  the  quantity  of  iised 
base  is  one,  or  two,  or  three  atoms.  If  any  of  these  salts  be  acted 
on  by  a  stronger  acid,  the  cyanuric  acid  is  completely  liberated. 

Cyanide  of  Hydrogen.     Hydrocyanic  Acid.     Prussic  Acid. 

This  remarlfable  substance  may  he  formed  by  the  direct  combina- 
tion of  hydrogen  and  cyanogen.  It  exists  in  the  water  distilled 
from  bitter  almonds,  or  from  the  leaves  of  the  cherry-laurel,  being 
produced  by  the  decomposition  of  a  peculiar  substance,  Amygdali/ie, 
which  those  plants  contain.  For  the  purposes  of  medicine  and 
chemistry,  it  is  prepared  by  indirect  processes  of  many  kinds. 
Thus,  if  formiate  of  ammonia  f 03.03+ JS'.H.O.)  be  passed  in  va- 
pour throuffh  a  red-hot  porcelain  tube,  it  is  totally  converted  into 
prussic  acid  and  water,  CiN.H.  and  4H.0,  Also,  by  passing  ammo- 
nia over  red-hot  charcoal,  hydrocyanate  of  ammonia  is  formed  in 
such  quantity  that  prussic  acid  may  be  economically  prepared  from 
it.  If  cyanide  of  silver  be  decomposed  by  muriatic  acid,  chloride 
of  silver  and  cyanide  of  hydrogen  are  produced  (Ag.Cy.  and  H.Cl. 
giving  Ag.CI.  and  H.Cy.) ;  and  by  sulphuret  of  hydrogen,  cyanide 
of  mercury  gives  sulphuret  of  mercury  and  prussic  acid.  For  its 
preparation  on  the  large  scale,  however,  the  substance  used  is  the 
yellow  prusstate  of  potash  of  commerce. 

This  salt,  the  preparation  of  which  will  be  hereafter  described, 
consists  of  cyanide  of  iron  united  to  cyanide  of  potassium  ;  by  the 
action  of  sulphuric  acid,  three  fourths  of  the  latter  are  decomposed, 
bisulphate  of  potash  being  formed,  and  prussic  acid  liberated,  2{S. 
Oa+H.O.)  and  Cy.K.  giving  (ILO.  .  S.O,+H.O.  .  3.0^)  and  Cy.H. 
The  cyanide  of  icon  remains  still  combined  ivith  the  other  fourth 
of  the  cyanide  of  potassium,  forming  a  compound  first  described  by 
Mr.  Everitt,  The  prussic  acid  thus  produced  contains,  therefore, 
one  half  of  the  cyanogen  which  existed  in  the  salt  employed.  The 
precise  decomposition  is,  that  two  equivalents  of  the  yellow  ferro- 
pruBsiate  of  potash,  2(Fe.Cy,+2K.Cy.),  acted  on  by  six  atoms  of  oil 
of  vitriol,  6(S,0^+H  0.),  produce  three  atoms  of  bisulphate  of  pot- 
ash, 3(H.O. .  S.Oa+K.O.  .  S.O3),  and  three  atoms  of  prussic  acid,  3H. 
Cy. ;  there  remains  then  an  atom  of  Everitt's  salt,  2(Te.Cy.-i-K.Cy.), 
which,  when  first  formed,  is  yellow,  but  by  rapidly  absorbing  oxygen 
it  becomes  greenish,  and,  abandoning  its  cyanide  of  potassium,  is 
finally  converted  into  basic  Prussian  blue. 

The  mode  of  conducting  the  process  depends  on  the  degree  of 
strength  at  which  the  prussic  acid  is  required.  To  obtain  the  an- 
hydrous acid,  three  parts  of  yellow  prussiate  of  potash,  in  fine  pow- 
der, are  to  he  decomposed  by  a  mixture  of  two  parts  of  oil  of  vit- 
riol and  livo  of  water,  in  a  small  retort,  at  a  very  gentle  heat,  and 
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tU    p  od  ollecled  in  a  receiver,  surrouncieS  by  ice,  and  coniam- 

i  g  o  fan  nts  of  recently-fused  chloride  of  calcium,  by  ivliicii 
a  J  e    of     ater  which  come  over  are  absorbed.     The  piocess 

o  g  l!y  p!  yed  by  Gay  Lussac  consists  in  decomposing  cyan- 
ide of  n  by  strong  murialic  acid,  and  passing  the  vapour 
tl  ougl  1  na;  ube,  of  which  ihe  half  next  the  retovt  contains  small 
fiagmenta  ol  marble,  and  the  other  half  fragmenis  of  recently -fused 
chloride  of  calcium  ;  any  muriatic  acid  vaponr  is  arrested  by  the 
former,  and  the  prussic  acid  is  rendered  anhydrous  by  the  latter; 
the  vapour  is  then  condensed  in  a  receiver,  eiirrounded  by  ice. 

Pure  prussic  acid  is  a  colourless  liquid ;  its  specific  gravity  at 
67°  is  0'6969  ;  at  5"  Fah.  it  congeals  info  a  mass  of  fibrous  crystals, 
and  at  SO'  boils.  In  consequence  of  this  great  volatility,  if  a  drop 
of  it  be  suspended  from  a  glass  rod,  one  part  of  il:  will  be  solidified 
by  the  coid,  produced  by  the  rapid  evaporation  of  another  portion. 
The  density  of  its  vapour  is  943'9,  consisting  of  equal  volumes  of 
cyanogen  and  hydrogen,  united  without  condensation,  as  (1819'0-|- 
68-8) -^ 2 =943-9.  It  reddens  litmus  paper  feebly,  and  the  tint  dis- 
appears by  heat.  lis  odour  is  extremely  suffocating  and  pungent, 
and  resembles  that  of  bitter  ahnonds.  Its  taste  is  bitter  and  acrid. 
It  is  combustible,  burning  with  a  bright  white  flame.  Being  a  poi- 
son of  intense  activity,  the  greatest  care  should  be  used  in  manipu- 
lating with  it  in  this  concentrated  form. 

Anhydrous  prussic  acid  decomposes  rapidly,  especially  if  exposed 
to  light.  It  forms  ammonia,  and  a  brown  substance,  probably  the 
Hatne  as  that  produced  from  a  solution  of  cyanogen  in  water,  and 
termed  ^zulmic  ^ctd,  as  noticed  p.  514,  but  of  which  the  composi- 
tion is  not  well  known.  By  contact  with  a  strong  acid,  prussic  acid 
assimilates  the  elements  of  three  atoms  of  water,  and  produces  for- 
mic acid  and  ammonia  (CjN.H.  and  3H.0.  giving  C^H-Oj  and  N. 
Hj).  Hence,  in  the  preparation  oi  prussic  acid,  an  excess  of  any 
mineral  acid  should  he  avoided.  With  chlorine,  prussic  acid  forms 
muriatic  acid  and  chloride  of  cyanogen,  and  with  iodine  it  acts 
similarly. 

For  medicinal  use,  the  prussic  acid  is  prepared  in  a  very  dilute 
condition.  The  directions  sometimes  given  in  pharmacoposias  to 
disti!  orer  an  acid  of  a  specific  strength,  are,  in  practice,  very  dif- 
ficult to  execute,  and  might  give  rise  to  serious  errors.  The  prop- 
er method  is  to  prepare  an  acid  stronger  than  that  required ;  then, 
to  ascertain  by  accurate  analysis  its  strength,  and  diiute  it  with  dis- 
tiUed  water  until  it  be  brought  exactly  to  the  degree  required. 
This  process  is  carried  on  in  the  manufacturing  laboratory  of  the 
Apothecaries'  Hall  of  Ireland  as  follows :  1  ib.  of  crystallized  yellow 
prussiate  of  potash,  in  fine  powder,  is  placed  in  a  capacious  retort, 
and  2  lbs.  of  water  poured  on  it ;  to  this  is  added  a  mixture  of  12 
ozs.  of  oil  of  vitriol  and  2  lbs.  of  water,  previously  aufl^ered  to  cool. 
These  materials  are  well  agitated,  and  allowed  to  digest  for  three 
or  four  hours,  and  then  between  2  and  3  lbs.  of  dilute  acid  are  dis- 
tilled over  into  a  receiver  containing  already  lib.  of  distilled  water; 
there  are  obtained  thus  3  or  4  lbs.  of  an  acid  containing  from  6  to 
8  per  cent,  of  real  acid.  200  grs.  of  this  are  weighed  and  decom- 
posed by  an  excess  of  nitrate  of  silver  ;  the  cyanide  of  silver  pre« 
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cjpitated  is  cnrefully  collected,  washed,  and  dried.  Being  then 
weighed,  the  exact  per  centage  of  acid  present  is  found  by  calcu- 
lation, and  the  necessary  quantity  of  water  is  added,  so  as  to  bring 
it  to  the  standard  strength  of  the  Dublin  pharmaeopcein,  which  is 
that  of  1*6  per  cent,  of  real  acid,  and  specific  gravity  of  0'998. 

As  aa  example  of  ihis  process,  let  us  suppose  itw,t  the  300  grs.  of  disLilled  acid  gave, 
■with  nilraie  of  silver,  74  grs.  of  cyanide;  as  this  contains  I4'35  of  cyanogen,  the  200 
grs.  contained  15'53  of  real  acid,  or  T'7S  percent.;  now,  to  reduce  this  to  the  Dubliu 
Etaodard,  divide  T-TR  by  1'6,  wbicli  gives  1'85;  indicating  tliat  by  adding  3-85  lbs. 
of  distilled  water  to  eaca  pound  of  acid,  the  mixture  will  have  accurately  the  strength 
directed  by  the  pharmacopteia.  Some  of  this  calculation  may  be  spared  by  cotisid- 
ering  the  cyanide  of  silver  to  be  equivalent  to  one  Gflh  of  its  weight  of  real  prussic 
acid ;  the  quantity  pet  ceoi.  in  the  supposed  example  should  then  be  one  tenth  of 
the  weight  of  cyanide  of  silver  obtained!' from  the  200  grs.,  that  is,  T4  per  cent.;  and 
the  water  necessary  to  bring  it  to  the  Dublin  standard  should  be  2G3  times  its 
weight.  The  error  introduced  by  this  simpliftcation  is  not  sensible,  being  but  0-OIB 
per  cent. 

The  strength  of  the  pi'iiasie  acid  directed  by  the  British  pharma- 
copoeias differs  very  much:  that  prescribed  by  the  London  College 
contains  about  2  per  cent,  of  real  acid  j  that  of  the  Edinburgh  Col- 
lege contains  about  4  per  cent,  ;  while  the  Dublin  strength  is  but 
1-5  or  1-6  of  real  acid  per  cent.  This  should  be  carefully  attended 
to  in  practice. 

A  method  has  been  proposed  for  determining  the  value  of  prussic  acid,  by  digest- 
ing it  on  a  Itnown  quantity  of  red  oxide  of  mercury;  when  the  piussic  acid  has  sat- 
urated ilself  with  the  oxide,  what  remains  is  to  be  wished,  dried,  and  weighed. 
Now,  as  llfi-4  of  oiide  of  mercury  is  converted  into  cyanide  by  27'1  of  piossic  acid, 
which  proportion  is  nearly  4  to  1,  the  quanlily  of  prussic  acid  is  pretty  correctly  one 
fourth  of  the  weight  of  the  oxide  of  mercurv  dissolved.  But  as  cyanide  of  mercury 
may  combine  with  an  eieess  of  oiide,  ana  as  the  quantity  thus  liable  to  be  taken 
up  is  not  constant,  it  is  dangerous  to  rely  on  this  method  for  medicinal  or  analyti- 
cal pwposes. 

The  detection  of  prussic  acid  is  very  simple.  1st.  Its  solution 
gives,  with  nitrate  of  silver,  a  white  precipitate,  cyanide  of  silver, 
insoluble  in  strong  nitric  acid  when  coid,  but  dissolved  by  boiling; 
it  is  insoJuble  in  ammonia.  If  a  liquor  containing  even  a  very  small 
trace  of  prussic  acid  be  boiled,  the  vapour  produces  a  white  cloud 
on  a  piece  of  glass  moistened  with  solutioti  of  nitrate  of  silver.  2d. 
If  a  solution  of  sulphate  of  iron  be  added  to  prussic  acid,  there  i» 
no  change  ;  but  on  adding  some  potash  liquor,  a  dirty  greenish  pre- 
cipitate is  produced,  from  which  muriatic  acid  dissolves  out  the  ex- 
cess of  oxide  of  iron,  and  leaves  Prussian  blue  (cyanide  of  iron)  of 
a  very  rich  colour  i  it  is  essential  to  the  proper  action  of  this  test, 
that  both  protoxide  and  peroxide  of  iron  be  present  in  the  solution. 
3d.  If  a  solution  of  sulphate  of  copper  be  added  to  the  liquor  con- 
taining prussic  acid,  and  then  treated  successively  with  potash  and 
muriatic  acid,  as  above,  a  white  precipitnto  remains  undissolved, 
which  is  cyanide  of  copper.  The  theory  of  these  last  actions  is, 
that  the  prussic  acid  is  too  weak  to  decompose,  by  itself,  either 
metallic  sulphates,  but,  on  the  addition  of  potash,  double  decompo- 
sition occurs,  sulphate  of  potash  and  a  metallic  cyanide  being  form- 
ed. As  the  potash  is  always  added  in  excess,  a  quantity  of  metal- 
lic oxide  is  at  the  same  time  precipitated,  which  masks  the  colour 
of  the  result,  but  is  removed  by  the  addition  of  the  muriatic  acid, 
itb.  These  insoluble  cyanides  may  be  recognised  very  elegantly  by 
healing  them  with  a  little  potash  and  sulphur,  and  dissolving  the 
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fused  mass  in  water.  The  solution  gives,  with  a  persalt  of  iron,  a 
fine  blood-red  colour.  5th,  The  cyanide  of  silver,  also,  is  known 
by  giving  off  cyanogen  when  heated. 

Ttiere  are  two  cMorides  of  Q/aaogcn  of  the  same  composition,  and  bearing  to  each 
other  the  same  relation  as  the  cyanic  and  cyanuric  acids.  One  i:<  gaseous,  the  other 
solid ;  the  first  is  prepared  by  acting  on  moist  cyanide  of  mercury  by  chlorine,  or  by 
passing  chlorine  into  weak  piussic  acid,  and  warmjug  the  mixiure  in  which  the 
chloride  of  cyanogen  disaoWes.  This  gas,  which  is  very  irritating  and  poisonous, 
may  be  obtained  cryslallized  in  needles  by  exposure  to  a,  very  low  temperature.  It 
comlnneB  with  ammonia,  forming  a  crystalline  substance. 

The  solid  chloride  may  he  prepared  by  acting  on  anhydrous  prussic  acid  with 
cMorine,  or  by  heaUng  suIphocTanide  of  potaseium  in  a  current  ofchlorine.  It  sub- 
limes in  white  transparent  needles.  It  dissolves  unaltered  iu  alcohol  and  ether,  and 
Is  decomposed  by  liot  water  into  hydrochloric  and  cyanurlc  adds. 

Iodide  of  Osanogen  is  prepared  by  distilling,  in  a  retort,  a  mixture  of  iodine,  cyan- 
f  de  of  merciiiy,  and  water.  At  a  moderate  heat,  the  iodide  of  cyanogen  passes  over, 
__j  __..  J ^..  j._  .  e^it  of  the  retort  as  afiocculent  mass  of  snow-while  needles. 


These  crystals  irritate  the  eyes:  they  dissolve  in  water  unaltered,  and  volatiUze  at 
113". 

SECTION  II. 

OF    THE    METALLIC    CYANIDES. 

Cyanide  of  Potassium,  K.Cy.,  may  be  formed  by  the  direct  union 
of  its  elements,  or  by  adding  an  excess  of  prussic  acid  to  a  solution 
of  potash,  and  evaporating  rapidly  without  the  access  of  air.  It  is 
produced  also  whenever  carbonaceous  matter  is  calcined  in  contact 
with  potash,  provided  nitrogen  be  present.  The  best  mode  of  ob- 
taining it,  however,  is  to  expose  the  yellow  prussiate  of  potash  to  a 
full  red  heal,  in  a  close  iron  crucible.  The  cyanide  of  iron  is  de- 
composed, nitrogen  being  given  olT,  and  carburet  of  iron  remaining 
with  the  unaltered  cyanide  of  potassium.  The  half-melted  mass  is 
to  be  coarsely  powdered,  and  digested  in  boiling,  weak  spirit  of 
wine,  from  which  the  salt  crystallizes  in  cubes  on  cooling.  Spirit 
of  specific  gravity  0900  at  60'^,  is  remarkable  for  dissolving  a  large 
quantity  of  cyanide  of  potassium  when  boiling,  but  depositing  it 
nearly  totally  when  it  cools. 

This  salt  in  solution  reacts  alkaline,  and  smells  of  bitter  almonds, 
and  hence  probably  deeomposes  water  when  dissolved.  Its  crystals 
deliquesce  and  are  decomposed,  even  in  close  vessels,  after  a  short 
time,  by  contact  with  water,  into  ammonia  and  formiale  of  potash. 

The  properties  of  the  cyanide  of  sodium  and  of  the  hydrocyanate 
of  ammonia  are  quite  similar. 

The  Cyaaiiles  of  Benara,  strontium,  calcium,  and  magnesium  are  soluble  in  wa- 
ter, and  crystal  lizable. 

Cyaaiide  of  ZiiK  is  prepared  by  adding  prosaie  acid  to  a  solution  of  acetate  of 
line,  when  It  precipitates  as  awhite  powder.  Chloride  of  zinc  is  noi  decomposed 
by  piussic  acid.    With  cyanide  of  potassium  it  forms  a  double  sail. 

Cyanide  of  Copper  is  formed  as  a  whitish  precipitate  when  prussic  acid  and  potash 
are  added  to  a  solution  of  sulphate  of  copper,  when  boiled  it  becomes  yellow,  and 
combines  wiih  the  oxide  of  copper  to  form  an  otegcijaaiide  of  a  lively  green  colour. 
It  forms  double  Stilts  with  the  aliralice  cyanides. 

Cyanide  of  Mercury — Hg.Cy. ;  Eq.  1594-4  or  IST-iS — may  be  pre- 
pared by  boiling  two  parts  of  Prussian  blue  with  one  of  red  oxide 
of  mercury  and  eight  of  water,  until  the  residue  becomes  red-brown. 
The  filtered  liquor  yields  cyanide  of  mercury  in  crystals,  which, 
however,  are  not  quite  free  from  iron,  and  require  to  be  digested 
with  a  little  more  oxide  of  mercury  and  recrystallized.     The  best 
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mode  of  preparing  it  is  to  distil  fifteen  parts  of  yellow  prussiate  of 
potash,  with  thirteen  of  oil  of  vitriol  and  100  of  water,  nearly  to  dry- 
ness, and  to  digest  the  prussic  acid  so  obtained  with  twelve  parts 
of  finely-powdered  oside  of  mercury,  until  this  is  completely  dis- 
solved. The  solution  yields,  by  evaporation  and  cooling,  fourteen 
parts  of  pure  crystallized  cyanide  of  mercury.  By  washing  out  the 
residue  in  the  retort  with  water,  five  parts  of  pure  Prus- 
sian Mue  may  be  obtained. 

Cyanide  of  mercury  crystallizes  in  colourless  rectan- 
gular prisms,  as  q  5,  in  the  figure,  terminated  by  numer- 
ous secoudnry  faces,  as  e  e.  These  crystals  are  anhy- 
drous, and  occasionally  opaque.  When  heated,  it  is  re- 
solved into  mercury  and  cyanogen,  of  which  a  portion  is  resolved 
into  the  brown  powder  (paracyanogen).  It  is  sparingly  soluble  in 
alcohol,  't  tastes  as  the  other  mercurial  salts.  So  great  is  the 
affinity  ol  mercury  to  cyanogen,  that  cyanide  of  potassium,  when 
boiled  with  oxide  of  mercury,  is  decomposed,  and  caustic  potash 
liberated.  In  a  solution  of  cyanide  of  mercury,  no  test  indicates 
the  presence  of  the  metal  except  sulphuretted  hydrogen.  It  is  not 
decomposed  by  oxygen  acids,  but  muriatic  acid  forms  prussic  acid 
and  chloride  of  mercury. 

Cyanide  of  merciiiy,  when  digested  with  an  excess  of  oside  of  mercury,  combiaes 
wiih  it  ill  two  proportions,  forming  the  oxycyaniiks  of  Msrcmy,  H^.Cy.+Hg.O.  and 
Hg.Cy.+3Hg.O.  These  bodies  are  soluble  in  water,  and  ciystaliize  in  prisinatio 
needles. 

With  iodide  of  potassium,  cyanide  of  mercury  combines,  furroing  a  substance,  S 
^.Cy.-|-K,I.,  which  U  Tery  soluble  in  boiiing'  water,  and  crystallizes  in  brilliant 
while  micaceous  plates  on  cooling.  This  salt  is  instantly  redaened  by  any  mineral 
acid  whi eh  liberates  iodide  of  raercuiy.  With  sulphocyanide  of  potassium  a  simi- 
lar compound  is  formed,  SHg.Cy.+K.Cy.Sj, 

Cyanide  of  mercury  combines  with  the  alkaline  cyanides,  and  with  the  alka- 
line chlorides  and  bromides,  fbnnin?  double  sails  possessii:?  no  special  interest.  It 
combines  with  many  oxygen  salts  also,  as  the  chromate  and  tbrmiate  of  potash. 

As  prussic  acid  is "' '" " 

not  so  impc     ■ "    ■ 
medicine. 

Ci/amde  of  Silver,  Ag.Oy.,  is  a  white  -powder  insoluble  in  water,  which  combines 
with  other  cyanides  to  form  double  salLs.  It  is  soluble  in  water  of  ammonia,  but 
insoluble  In  nitric  acid,  except  it  be  strong  and  boQing.  Healed,  it  gives  cyanogea 
and  metallic  silver. 

Cyanide  of  PaMdivm. — In  its  affinity  (or  cyanogen,  palladium  resembles  mercury, 
Every  soluble  salt  of  palladium  is  decomposed  byprussic  acid,  a  pale  yellow  precip- 
itate being  formed.  This  cyanide  of  palladium  is  insoluble  in  water,  but  aolutile  in 
acids  and  in  ammonia.  Heated,  it  gives  cyanogen  and  leaves  the  metal.  It  Ibrms 
a  very  extensive  class  of  doable  salts. 

Cyandde  of  Gatil,  Au.Cya,  is  a  pale  yellow  powder,  forming  double  salts  with  the 
alkaline  cyanides. 

Protoi^anideqf  iToa,  Pe.Cy.,  is  not  known  in  aa  isolated  foi.^  '.at  it  enters  into 
combination  wiui  the  other  metallic  cyanides,  forminedouble  salts,  which  are  soma 
of  the  most  InteresLing:  of  the  cyanogen  compounds.  The  iron  in  these  salts  cannot 
be  separated  by  an  alkali,  and  hence  may  be  looked  upon  as  an  element  of  the  neg- 
ative constituent ;  they  are  iience  often  termed  fsrrocyanides,  or  fsrroprK3si>iles  S 
whatever  other  metal  they  may  contain. 

Ferrocyamde  of  Hydrogen.  Ferraayanic  JlciH, — Fe.Cy.-[-2H.Cy 
When  the  ferrocyanide  of  lead  is  decomposed  by  sulphuret  of  hy 
drogen,  a  solution  is  obtained,  which  yields,  on  evaporation  in  vacuo, 
small  granular  crystals,  which  have  a  wpil-marked  acid  reaction, 
and  produce,  by  acting  on  metallic  oxides,  ail  the  ordinary  ferrocy- 
anides.  If  the  solut'oa  be  boiled,  it  is  resolved  into  prussic  acid, 
Uiru 
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and  a  white  precipitate,  wliicli  becomes  blue  in  the  air.  The  crys- 
tals iindergo  the  same  change  spontaneously  after  some  time. 

Fenocyanide  of  Poiassinm. — Fe.Cy.  H-2K.Cy. +  3  Aq.  Eq.  2656-9 
or  212-5.  This  Compound,  of  which  I  have  often  spoken  as  Yellota 
Prussiate  of  Potash,  is  prepared  on  the  large  scale  lor  the  purposes 
of  the  arts  and  of  pharmacy,  by  calcining  together  some  animal 
matters,  as  blood,  hoofs,  horns,  &c.,  with  pearl  ashes  and  iron 
filings.  It  may  be  formed  even  if  the  organic  matter  do  not  contain 
nitrogen,  as  that  element  may  be  supplied  from  the  air.  The  oper- 
ation is  conducted  in  large  iron  pots  arranged  in  a  furnace,  so  tiiat 
the  mass  can  be  healed  to  dull  redness,  and  continually  agitated  as 
it  forms  a  tenacious  paste,  the  calcining  of  which  is  continued  as 
long  as  it  burns  with  a  white  flame  ;  it  is  then  taken  out  of  the  pot, 
and  when  cold,  boiled  in  water,  which,  by  evaporation,  yields  the 
salt  in  crystals.  If  it  has  not  dissolved  iron  enough,  some  copperas 
is  added  as  long  as  the  Prussian  blue,  which  at  first  forms,  is  found 
to  redisaolve.  -After  what  has  been  said  of  the  formation  of  cyan- 
ogen (p.  513),  the  theory  of  this  process  mayeasilybe  understood. 

The  ferrocyanide  of  potassium  crystallizes  in  truncated  octohe- 
drons  with  a  rectangular  base,  e  e'  e'', 
'  n  the  figure,  of  which  A  represents 
usual  simple,  and  B  a  more  com- 
plicated form  ;  the  secondary  plane  n 
often  being  so  large  as  to  render  the  crystal  merely  tabular.  Its 
colour  is  fine  citron-yellow,  but  when  dried  it  becomes  white.  By 
u  farther  heat  in  close  vessels  it  fuses,,  and  when  ignited  gives  on 
nitrogen,  and  leaves  cyanide  of  potassium  and  carburet  of  iron. 
Heated  in  open  vessels,  it  absorbs  oxygen,  and  forms  cyanate  of 
potash.  Its  use  in  the  preparation  of  these  bodies  and  of  prussic 
acid  has  been  already  detailed.  If  it  be  digested  with  oxide  of  mer- 
cury, cyanide  of  mercury  is  formed,  and  oxide  of  iron  and  caustic 
potash  set  free.  With  sulphate  of  mercury  it  gives  sulphate  of  pot- 
ash, cyanide  of  mercury,  and  Everilt's  yellow  salt. 

With  cyanide  of  mercury,  ferrocyanide  of  potassium  forms  a 
double  salt,  whose  formula  I  found  to  be  3Hg.Cy.  +  (Fe.Cy.  +  2K 
Cy.)-f  4  Aq.     It  crystallizes  in  pale  yellow  rhombic  tables. 

In  the  arts,  the  ferrocyanide  of  potassium  is  of  importance  for 
dyeing  various  shades  of  blue  ;  to  the  chemist  it  is  specially  of  in- 
terest, as  from  it  ail  the  cyanogen  compounds  are  most  economi- 
cally formed,  and  from  the  peculiar  precipitates  it  gives  with  solu- 
tions of  most  metals,  it  is  of  eminent  service  in  their  detection. 
Thus,  with  solutions  of  stiver,  mercury,  Hsviuth,  tin,  lead,  tiMiel,  zinc, 
manganese,  and  cerium,  it  gives  white  precipitates;  that  with  mercu- 
ry gradually  becomes  blueish,  and  that  of  manganese  reddish.  With 
copper,  the  precipitate  is  of  a  rich  chocolafe  colour;  with  cobalt, 
greenish,  changing  to  red ;  with  uranium  and  molybdenum,  brown  j 
and  with  chrome,  grayish-green.  All  these  precipitates  contain  cy- 
anide of  iron,  nnited  to  two  atoms  of  cyanide  of  the  other  metal, 
being  true  ferrocyanides. 

It  is  on  solutions  of  iron  that  the  action  of  this  reagent  is  the  most 
remarkable.  With  solution  of  protosulphate  of  iron,  a  whitish  pre- 
cipitate is  obtained,  which  consists  of  the  cyanides  of  iron  and  po- 
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tassium,  -urjited  in  propovtions  wliich  are  not  well  Unowii.  Exposed 
to  the  air,  iliJs  body  absorbs  oxygen  and  becomes  blue.  Witb  a  so- 
lution of  sulphate  of  iron  pure  Prussian  Blue  is  precipiiated.  This 
substance  is  insoluble  in  water  and  in  muriatic  acid,  and  gives  with, 
caustic  alltaiies  oxide  of  iron  and  ferrocyanide  of  potassium;  ita 
formula  is  Fe  Cyt,  or  it  consists  of  SFe.Cy.-f-SFeiCy;,.  Its  forma- 
tion involves  3(Fe.Cy.+2K,Cy.)  and  2^FeA  +  3S.Oa),  and  there  re- 
main dissolved  six  atoms  of  sulphate  of  potash.  For  the  manufac- 
ture of  Prussian  blue  for  the  purposes  of  the  arts,  the  impure  liquor 
obtained  by  digesting  in  water  the  calcined  mass,  of  animal  matter, 
potash  and  iroa,  described  p.  522,  is  decomposed  by  an  escess  of 
sulphate  of  iron,  and  the  reaultinn;  precipitate  digested  in  muriatic 
acid,  and  exposed  to  the  air  until  it  assumes  its  proper  colour.  It 
is  then  dried  carefully  at  a  moderate  heat. 

Another  kind  of  Prussian  blue  is  ptoduced  when  Everitt's  salt, 
or  the'White  precipitate  pvoduced  by  protosulphate  of  iron  with  yel- 
low prussiate  of  potash,  is  exposed  moist  to  the  air.  lE  is  termed 
basic  Prussian  Blue.  As  Everiti's  salt  consists  of  2Fe.Cy.+K.Cy., 
and  this  last  dissolves  out,  there  is  the  same  number  of  atoms  of 
cyanogen  and  iron,  and  the  escess  of  iron  above  that  necessary  to 
form  true  Prussian  blue  combines  with  the  oxygen  of  the  air,  the 
oxide  so  formed  remaining  united  with  the  Prussian  blue.  From  9 
Fe.Cy.and  30.tliere  is  th,us  formed  3{Fe.Cy.+2FCiCy3+Fe^Os),  the 
tesic  compound, 

The  Jsrrocyattides  of  Sodiusii,  Barium,  &t,,  possess  all  tlie  essential  characters  of 
Ihepolassiam  salt,  and  need  not  be  farther  noticed. 

The  ferrocyanides  in  wany  eases  comhjne  with  each  other,  forming  sails,  which 
Cozitaio  three  diilerent  metais  combined  with  r.ynnnirrn, 

Seiiidcyinii'ie  of  Iron,  FejCy^,  is  cot  kno\v:i  i;  ,lil  i. .  ,.11,  bui,  like  the  prii- 

Coeyanide,  enters  into  a  rauaber  of  corabinLi  i  ■   ■    . .  jnctallio  cyanides, 

which  may  be  called  eitlierpsr^TriKjioiBiiis  0'  ■  .  ruposed  by  Liebig. 

Ferri<kyanide  of  Potassium-^Red  i'l  ■'/■  -r  :,  "j  ,".  '■/-/;,  FcjCya+SK. 
Cy.,  is  formed  by  passing  chlorine  thvoiigh  a  solution  of  yellow  prus- 
siate of  potash  until  it  ceases  to  give  Prussian  blue  with  solution 
of  persulphate  of  iron.  The  liquor  becomes  of  a  deep  green  colour, 
but  on  evaporation  yields  anhydrous  fine  ruby-red  prismatic  crys- 
tals, which  are  generally  macles.  The  products  of  its  decomposi- 
tion by  heat  are  the  same  as  those  of  the  yellow  salt.  It  dissolves 
in  thirty-eight  parts  of  cold  water ;  ita  solution,  if  pure,  is  yellow, 
but  more  commonly  is  green. 

This  salt  rivals  that  already  described  in  its  utility  as  a  reagent 
for  the  proper  metals.  The  precipitates  it  gives  with  their  solutions 
are,  tin,  white ;  mercury,  silvm;  and  zinc,  yellow ;  titanium,  nickel, 
copper,  and  tdstnuth,  yellowish  brown  ;  and  cobalt,  uraniv,7n,\ad.  maw 
gamse,  brown.  It  is,  however,  with  the  salts  of  iron  that  its  reac- 
tion is  most  remarkable.  With  a  persalt  of  iron  it  merely  colours 
the  liquor  green,  but  with  a  solution  of  a  protosah  it  gives  a  bine 
precipitate,  even  richer  in  colour  than  the  proper  Prussian  blue,  and 
consisting  of  Fe,CyE,  or  of  FeiCya+SFe.Cy. ;  thus  containing  the 
same  protocyanide  with  half  as  much  sesquicyanide  as  exists  in 
common  Prussian  blue.  This  ferridcyanide  of  Iron  is  made  for 
commerce,  and  sold  as  TumbuWs  Prussian  Blue. 

Ftrridcyanide  of  Hydrogen, — If  we    digest  ferridcyanide   of  lead 
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with  dilute  sulphuric  acid,  a  red  liquor  is  obtained,  which  yields  on 
evaporation  a  mass  of  mijiute  brownish-yellow  needles,  the  formula 
of  which  is  FeXyj+SCy.H.  This  body  reddens  litmus,  and  has  a 
sour  astringent  taste ;  upon  another  theory  it  is  considered  to  bo  a 
compound  of  hydrogen  with  a  compound  radical,  (Fefiyt),  and  is 
termed  Feiridcyamc  Acid. 

In  the  history  oi'  these  complex  cyanides  we  meet  three  facts,  on  which  the  the- 
ories of  their  conatitution  mast  be  founded.  1st,  Tlie  extraordinary  tendency  to 
double  combination,  which  no  other  body  possesses  in  the  same  degree.  Ed,  In 
almost  all  cases,  the  cyanogen  enters  into  tlie  compound  in  the  proportion  of  three, 
six,  or  nine  atonis ;  and,  3d,  One  metallic  element,  as  iron,  in  each  oumpouod,  ia 
retained  with  extraordinary  force,  not  being  delected  therein  by  its  ordinary  re- 
agents. The  original  view  proposed  by  Berzelius,  of  considering  these  compounds 
as  mere  double  salts,  and  upon  which  the  formules  given  hitherto  have  been  con- 
Btriicted,  does  not  account  sufficiently  for  these  facts,  and  I  hence  consider  it  as 
less  applicable  to  them  ttmn  the  theories  suggested  by  Grabam  and  by  Liebig. 

The  latter  chemist  founds  his  view  upon  the  third  feet,  and  supposes  that  there 
exists  3  series  of  com|X>und  radicals,  consisting  of  cyanogen  united  with  a  metal. 
Thus,  FetToeyanogrtn,  (Pe.Cyj)  or  Cfy.,  and  Ferridcnaiiogen,  CPe,Cys)  or  Cfya,  tlieee 
two  being  isomerio ;  CabaUocyimagen,  (Co,Cye)  or  Gky.,  and  many  others ;  and  these 
radicals  combine  with  hydrogen  to  Ibrra  poiybasic  hydracids,  from  which,  the  hy- 
drogen being  replaced  by  a  metal,  result  the  ordinary  complex  oyanides.  Thus, 
the  ferrocyanogen  being  bibasic,  its  acid  is  Cfy,.f  3H, ;  its  potash  salt,  Cly.-fSK. ; 
its  copper  salt,  Cfy, +aCu, ;  andif  each  atom  of  hydrogen  be  replaced  by  a  diiftrent 
metal,  then  the  triple  salts  formed  by  Mosander  are  produced ;  thus,  the  salt  writ- 
ten on  Berzelius's  view  aa  (Pe.Cy,-l-»K.Cy,)-KFe,Cy,-l-2Ca.Cy.)  becomes  Cfy.+ 
Ca.K.,  and  similarly  there  is  Cfy.-{-UB.K,,  tia. 

The  red  prussiate  of  potash  Liebig  supposes  to  contain  a  radical,  (PesCyal  or 
Cfyj,  isomeric  with,  but  of  double  the  atomic  weight  of  ferrocyanogen  ;  Ibis  fer- 
ridcyanogcTt  forms  with  hydrogen  a  tribasic  acid,  Cfyj-fHj,  by  replacement  of  the 
hydrogen,  in  which,  by  three  atoms  of  the  same  or  of  different  metals,  tlie  various 
ftrri&yanidea  are  produced,  aa  Cfyj+Kj,  Cfy,-f8Ca„  &e. 

Tlie  Prussian  hiues,  on  this  theory,  are  considered  to  be  compounds  of  ferro- 
cyanide  with  ferridcyanide  of  iron;  thus, 

3Cry.Fe,-J-CfyjPe3  expresses  common  Prussian  blue, 
CfyaPcs  ■'         TurnbuH's  Prussian  blue. 

SCfy,Fei-f  CfyaFos-f-FejOs  "  basic  Pru^ian  blue. 


Tills  theory  accounts  very  strictly  for  the  first  and  third  of  the  fundamenlal 
facls  which  I  have  descriijed  as  charaoteriaing  the  cyanogen  compounds.  The 
theory  of  Graham  is  specially  based  upon  the  tendency  of  three  atoms  of  cyanogen 
to  enter  together  into  combination  with  other  bodies,  as  is  shown  not  only  in  its  re- 
lation to  metals,  but  to  oxygen,  as  in  eyanuric  acid,  and  hence  we  may  assume 
that  cyanogen,  aa  Cys,  with  three  times  ils  ordinary  atomic  weight,  forms  a  dis- 
tinct radical  (jjarocynn?),  which  forms  with  oxygen  and  with  hydrogen  tribasic 
acids,  CyjOj  and  CyaH,.  From  the  replacement  of  more  or  less  of  this  hydrogen 
'    '  '    '     s  of  one  or  more  metal,  the  various  cyanides  maybe 

Cy3-t-Fe.2K.  .  .  ,  yellow  prussiate  of  potash. 

Cyj-j-Fe.K.Ca, .  ,  ferroprussiate  of  lime  and  potash, 

Cys+Pe.SH.  .  .  .  ferro  prussic  acid. 
The  basis  of  the  red  prussiate  of  potash  should  be,  then,  anotlier  polymeiie  cyano  ■ 
gen,  Cy«,  wluoh  would  form,  with  hydrogen,  a  pentabasic  acid,  Cys-i-Hs,  in  which 
more  or  less  of  replacement  by  metals  should  give  the  various  ferridcyaoides. 
Thus  ferridprussic  acid  should  he  Cys-)-FesHa,.and  red  prussiate  of  potash  Cye4" 
FejKa,  and  so  on ;  TurnbuH's  Prussian  blue  becomes,  on  this  theory,  simply  Cy*-)- 
Fes ;  the  common  Prussian  blue  is  (Cya+FeaV^CyeFes ;  and,  by  the  addition  of 
FejOs  to  that,  the  basic  Prussian  blue  is  formed. 

I  am  rather  inclined  to  adopt  Graham's  view,  although,  in  the  present  state  of 
our  knowledge,  we  have  not  grounds  for  positive  decision.  He  proposes  to  term 
the  radical  Cyj  Prussine,  but  has  not  given  any  name  to  that  whose  formula  is  Cya. 
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Of  Sulphocyanogm,  and  the  Produce^  of  ii,s  Decomposition. 

If  yellow  prussiate  of  potash,  well  dried,  and  mixed  carefully  with 
half  its  weight  of  sulphur,  in  fine  powder,  be  heated  in  an  iron  ves- 
sel to  perfect  fusion,  which  takes  place  at  a  dull  red  heat,  the  sul- 
phur combines  witli  all  the  cyanogen,  forming  sulphocyanogen, 
which  unites  with  the  potassium,  while  the  iron  is  converted  into 
sulphuret.  By  digesting  the  fused  mass  in  water,  the  former  dis- 
solves, and  is  obtained,  by  evaporation  and  cooling,  in  long  striated 
piisms,  similar  to  those  of  nitre.  If  the  tenaperatuve  be  not  raised 
too  high,  the  iron  forms  also  sulphocyanide,  which  dissolves,  and 
may  be  decomposed  by  the  addition  of  a  slight  excess  of  carbonate 
of  potash;  by  this  means  one  half  more  product  may  be  obtained 
than  is  yielded  if  the  sulphocyanide  of  iron  be  too  violently  heated, 
aad  thereby  converted  into  sulphuret, 

Sielp/iocyimogen  is  prepared  by  passing  a  current  of  chlorine  gaa 
mto  a  solution  of  the  salt  thus  formed,  or  by  heating  it  in  .dilute 
nitric  acid  ;  chloride,  or  nitrate  of  potassium  is  formed,  and  a  deep 
yellow  precipitate  produced,  which  contains  all  the  suiphiir  and  cy- 
anogen of  the  salt,  its  formula  being  Cy.Sj.  It  is  very  light,  and 
insoluble  in  water.  It  combines  with  all  the  metals  and  with  hy- 
drogen, forming  well-defined  salts. 

Hyd^'osulpkocyanie  Add,  Cy.Sj  +  H,,  is  formed  by  decomposing 
sulphocyanide  of  lead  by  dilute  sulphuric  acid,  or  by  sulphuret  of 
hydrogen.  It  is  a  colourless  liquid,  which  reacts,  and  tastes  acid. 
By  distillation  it  is  decomposed. 

Sulphocyanide  of  Potassium, — Cy.S,-i-K.  This  salt,  of  which  the 
mode  of  preparation  has  been  just  described,  forms  anhydrous 
prisms,  cool  and  pungent  in  taste  j  it  is  abundantly  soluble  in  water 
and  alcohol,  and  slightly  deliquescent.  It  is  employed  in  the  labor- 
atory as  a  test  for  peroxide  of  iron. 

Sulphocyanide  of  Lead  is  a  crystalline  powder,  prepared  by  mix- 
ing solutio.ns  of  a  sail  of  lead  and  of  sulphocyanide  of  potassium. 

Of  the  stelphocyanides  of  Iron,  the  protosalt,  Fe.+Cy.Sj,  forms  a 
colourless  solution,  which  becomes  red  on  exposure  to  the  air.  The 
sesquisalt,  Fei+3Cy.Sj,  forms  a  deep  blood-red  liquor,  when  a  sol- 
uble sulphocyanide  is  mixed  with  any  sah  of  the  peroxide  of  iron. 
It  serves  thus  as  a  very  delicate  test  of  the  presence  of  iron,  and 
also  for  that  of  cyanogen  ;  it  is  so  applied  to  the  detection  of  prus- 
eic  acid,  as  noticed  p.  520. 

These  sulphocyanides  may  he  considered  either  as  double  sul- 
phurets  of  cyanogen  and  of  a  metal,  as  Cy.S.+S.K.,  &c.,  or  as  salts 
of  the  compound  radical  sulphocyanogen,  Cy.Sj+K.,  &c.  The 
latter  view  has  been  almost  universally  adopted  by  chemists. 

It  appears,  however,  from  the  researches  of  Parnell,  that  al- 
though sulphocyanogen  really  exists  in  these  salts,  yet  the  yellow 
substance  extracted  from  them  by  chlorine  or  by  nitric  acid,  as  de- 
scribed just  now  under  that  name,  is  only  a  product  of  the  decom- 
fiosition  of  the  real  sulphocyanogen,  which  has  not  been  as  yet  iso- 
aled.  The  formula  of  the  yellow  powder  he  finds  to  be  8,^0,^X5  . 
HjO.  When  acted  on  by  alkalies  or  by  nitric  acid,  it  produces  an 
acid  which  he  terms  the  Thiocyanic,  which  is  polybasic.    It  is  a 
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fale  yellow  powder,  sparingly  soluble  in  water,  more  so  in  alcohoL 
ts  formula  is  S„C,„N,  .  HA-  Its  compounds  with  the  oxides  of 
lead,  silver,  mercury,  &c,,  are  insoluble.  This  new  acid  is  but  one 
of  the  bodies  produced  in  this  reaction;  the  others  have  not  been 

Mellon. — When  sulphocyanogen  is  heated,  it  is  decomposed, 
yielding  sulphur,  sulphuret  of  carbon,  and  a  yellow  powder  which 
remains  as  fixed  residue,  and  to  which  Liebig'  has  given  the  name 
oi  Mellon.  This  is  a  compound  radical,  analogous  to  cyanogen  in 
its  characters.  It  is  insoluble  in  water,  alcohol,  or  dilute  acids.  Its 
formula  is  CjN,  or  Ml.,  and  when  strongly  ignited  it  is  decomposed 
into  three  volumes  of  cyanogen  and  one  of  nitrogen.  Heated  with 
potassium,  they  unite  with  combnstioa  ;  and  if  it  be  fused  with  the 
iodide  or  bromide  of  potassium,  iodine  or  bromine  is  expelled,  and 
mellonide  of  potassium  formed. 

HydromiUanic  Add,  H  Ml.,  is  formed  by  lixssolving  mellonide  of  potassium  in 
boiltng  water,  and  ailding  a  strong  acid.  A  gelatinous  while  precipitate  furms, 
which  dries  into  a  yellowish  powder,  H.ML-J-Aq. 

Mellonidi  0/  Polassium,  KMI.,  is  produced  hy  adding  tnellon  to  sulphocyanide 
of  potassium,  lUsed  in  a  porcelain  capsule ;  snJph^ir  and  sulphuret  of  carbon  are 
evolved.  On  dissolving  the  brown  mass  thus  formed  in  boiling  water,  the  mellun. 
ide  of  potassium  crystallizes,  on  cnullng,  in  line  colourless  needles. 

If  we  take  the  formula  of  sulphocyanogen  at  C2N.S4,  the  formation  of  mellon  con- 
sists in  4(CiN.S2),  producing  S(O.Si)  with  4S.,  and  leaving  CsNi ;  but,  on  Mr.  Par^ 
ueli's  view,  the  decomposition  is  by  no  means  so  simple. 

When  mellon  is  boiled  with  strong  nitric  acid,  it  dissolves,  and,  on  cooling,  the 
liquor  yields  octohedral  crystals  of  CyanHK  AdL  This  substance  has  the  same  for- 
mula as  cyanuric  acid,  CyiOj-|-3  Aq.,  but  its  relations  to  bases  are  not  well  under- 
stood. Nitrate  of  ammonia  is  formed ;  mellon,  CaNi,  and  three  atoms  of  water, 
giving  CeNjOa  and  N.Hj. 

Melam. — CijHsNn.  Sulphocyanide  of  ammonium,  on  being  heated,  is  decom- 
posed into  ammonia,  sulphuretof  carbon,  and  sulphuret  of  hydrogen,  wliich  pass  off, 
while  a  grayish-wblle  powder  remains,  which  is  Melam.  The  same  result  is  ob- 
tained by  heating  tn  fusion  a  mixture  of  sulphocyanide  of  potassiam  and  saS  am-' 
moniac :  in  this  case  chloride  of  potassium  also  remains  behind,  but  may  be 
removed  Siy  washing.  Melam  is  insoluble  in  water  and  alcohol.  It  is  dissolved 
and  decomposed  by  boiling  acids  and  alkaline  solutions,  giving  origin  to  a  series  of 
remarkable  bodies. 

Mdamine.  CeCgN's,  is  prepared  hy  halting  melam  with  a  dilute  solution  of  caustic 
potash  linlll  the  liquor  becomes  nuite  clear ;  it  is  then  to  be  evaporated  until  it  be- 
gins  to  deposite  small  cryetaKine  plates,  and  being  then  allowed  to  cool,  the  mel- 
lamine  crystallizes  out  in  colourless  octohedrons,  scarcely  soluble  in  cold  water. 
It  has  J10  action  on  vegetable  colours,  but  it  combines  with  dilute  acids,  acting  as 
a  iMse,  anil  forming  well-defined  salts,  which  have  an  acid  reaction,  and  may  be 
ohtnined  crystallized. 

Ammeline. — CgNs .  H5O2.  Aftertbe  alkaline  solution  has  deposited  ttie  melamina 
hy  cooliuf;,  it  contains  ammeline,  which  precipitates  when  acetic  acid  is  added. 
This  is  to  be  purified  by  solution  in  dilute  nitric  acid,  and  precipitation  by  carbonate 
of  ammonia.  It  then  forma  line  silky  needles,  insoluble  in  watbr  and  alcohoL  It 
combines  with  llie  dilute  aeids,  forming  cry  stall  izable  salts. 

The  origin  of  these  bodies  consists  in  the  melam  decomposing  two  atoms  of 
water,  and  then  CaHn  ,  NnOj  producing  CsHsNs  and  C«Ni .  HjOj.  By  boiling 
melam  in  dilute  muriatic  acid,  the  same  decompositiim  occurs,  and  the  muriates 
of  melamine  and  ammeiine  crystallize  together  on  cooling. 

If  any  nf  the  ahove  three  bodies  be  dissolved  in  strung  sulphuric  acid,  and  the 
solution  be  precipitated  by  alcohol,  a  white  powderis  obtained,  insoluble  in  water 
and  aloohol,  but  soluble  in  strong  acids  anil  alkalies.  It  is  nenriy  indifferently  acid 
or  base,  as  It  combines  with  nitric  acid,  andalso  with  oxide  of  silver.  It  is  termed 
Ammrlide.  Its  formula  Is  C,sH, .  NbOj-|-3  Aq.  When  this  body  is  boiled  fl.r  a  long 
time  with  dilute  sulphuric  or  nitrie  acid,  it  is  resolved  inio  ammonia  and  Cijanurit 
.Icij,  which  last  is  the  ultimate  product  of  the  similar  treatment  of  all  the  hHiliesnl 
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The  tliBorctical  cons  ti  tut  ion  of  fhcse  l>oclifi5  remains  exceedinglj  ohseure.  Tlie 
bases,  melaniine  and  arameline,  are  of  great  impurianue,  from  their  close  analiigj 
to  llie  alkaloids,  whiuh  are  found  naturally  in  many  plants ;  but  still  we  lia«e  no 
idea  of  ilie  iiiwle  of  nrrangement  of  their  elements. 

Soine  other  sulphur  compounds  of  cyanogen  are  knoi™,  hut  do  not  require  inuck 
noiiee.  Cyan<igeiL  and  siilphureltect  hydrogen  eoiiilniiin!!,  ihnn  oi-hii^g  ci'yslalis,  in- 
Eululile  ill  waler. 


CHAPTER  XX. 


The  substances  now  to  bo  described  foi'tn  a  very  vemurltablc  cl^iss 
of  organic  bodies.  Tbey  are  found  abundantly  in  most  plants,  but 
varying  somewhat  in  characters,  according  to  tiieir  immediate 
source,  and  ate  subservient  to  the  most  important  offices  of  llie 
vegetable  organization,  being  the  materials  from  whence  tlie  tissues 
and  secretions  of  the  plant  are  elaborated.  In  a  chemical  point  of 
view,  they  are  distinguished  by  a  remarkable  similarity  of  ciimpo- 
sition,  all  containing  the  same  quantify  of  carbon  (twelve  atonisj  in 
the  equivalent,  united  to  oxygen  and  hydrogen,  which  are  always 
present  in  the  proportions  to  form  water.  In  this  may  be  found  the 
cause  of  the  extraordinary  transmutations  of  these  bodies  IVom  one 
to  another,  by  the  mere  fixation  of  the  elements  of  water,  elleeted 
by  the  influence  of  reagents,  or  by  the  organic  power  of  the  plant. 
In  these  bodies,  also,  we  find  an  example  of  the  difficulty  of  distln- 
guUhing  between  a  constitution  derived  from  physical,  and  that  re- 
sulting from  vital  force.  In  the  different  kinds  of  sugar,  the  crys- 
talline condition,  solubility,  &c.,  indicate  tliat  the  elements  are 
combined  by  forces  merely  eiiemical;  but  in  the  difl^erent  varietiea 
of  starch,  and  especially  in  lignine,  traces  of  organisicd  structure 
are  found,  and  properties  manifested,  which  attach  their  history  as 
closely  to  the  physiology  as  to  the  chemistry  of  plants.  Under  this 
point  of  view  they  shall  be  hereafter  reconsidered. 

Of  Starch,  its  Varieties  and  Products. 
The  most  important  variety  of  this  principle  is  that  linown  as 
Covmon.  Starch.  It  exists  in  most  plants,  and  in  all  parts  of  them. 
It  is  extracted  from  the  seeds  of  wheat  and  barley  ;  from  the  ttibers 
of  the  potato;  from  the  root  of  the  jatropha  manihot,  as  Tapioca  or 
Cassava,  and  of  the  maraiita  arundinacea,  as  ^^rroio-root ;  and  from 
the  stems  of  palms,  as  the  sagus  rumphii,  which  furnishes  the  Siign 
of  commerce.  The  starch  is  imbedded  in  the  cellular  tissue  of  the 
plant  as  small  white  grains,  totally  destitute  of  any  crystalline  struc- 
ture. They  differ  in  size  in  almost  every  plant.  Those  of  the  po- 
tato, which  are  the  largest,  do  not  exceed  in  diameter  ^jn^h  of  an 
inch  ;  those  of  arrow-root,  which  are  some  of  the  smallest,  do  not 
esceed  j-Jjth,    In  form,  these  grains  vary  also,  some  being  globular. 
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Others  ovoidal,  and  often,  eve",  in  the  same  pSant,  irregular.     Each 

Srain  is  formed  by  a  number  of  concentric  layers,  which  increase  ia 
ensity  and  consistence  from  the  centre;  tlie  most  external  being' 
so  hatd  as  to' resemble  a  membranous  envelope  (iiled  by  a  softer 
material. 

The  grains  of  starch  are  quite  insoluble  in  cold  water ;  in  boiling 
water  they  dissolve,  except  the  outer  layers,  which,  floatiog  in  the 
liquor,  give  it  a  peculiar  opalescent  aspect.  On  cooling,  the  solu- 
tion gelatinizes.  If  the  solution  of  starch  be  dried  at  a  gentle  h^t, 
and  then  digested  with  cold  water,  the  outer  layers  of  the  grains 
may  be  separated  by  filtration,  and  a  colourless  transparent  solution 
of  starch  thus  obtained. 

The  preparation  of  starch  rests  on  its  insolubility  in  cold  water. 
The  texture  of  the  plant  is  first  broken  up  by  rasping  or  coarse 
grinding,  and  being  then  mashed  up  with  water,  the  starch  grains 
fall  out  from  the  ruptured  cells,  and  are  carried  off  by  the  current, 
from  which  they  deposite  themselves  when  the  liquors  are  ieft  at 
rest.  In  obtaining  starch  from  wheat,  this  liquor  Is  allowed  to  fer- 
ment and  become  sour,  by  which  a  quantity  of  wluten  that  would 
otherwise  attach  itself  to  the  starch  is  removed.  If  the  moist  starch 
grains  be  dried  at  a  temperature  of  about  liC,  they  gelatinize  to  a 
semitran spare nt  mass,  which  remains  so  when  dried,  and  is  not 
granular  or  mealy.  It  is  thus  that  the  peculiar  aspect  of  tapioca 
and  sago  is  produced. 

By  the  vital  action  of  the  seed  in  germination,  the  transformation 
of  starch  into  sugar  is  effected,  and  constitutes  the  saccharine  fer- 
merUation.  It  is  artificially  induced  by  malting  the  grain,  for  the 
preparation  of  alcoholic  liquors  by  brewers  and  distillers.  The  cir- 
cumstances of  this  change  wil!  be  specially  noticed  when  describing 
the  mode  of  nutrition  and  of  the  growth  of  plants. 

If  starch  be  heated  beyond  240^,  it  softens  and  becomes  brown. 
!f  the  heat  be  increased  until  the  mass  smokes,  it  ie  found  to  be 
changed  into  a  substance  totally  soluble  in  cold  water,  and  known 
as  British  Gum. 

The  action  of  reagents  on  starch  is  very  remarkable.  By  boiling 
with  dilute  sulphuric  or  muriatic  acids,  a  kind  of  saccharine  ferment- 
ation is  induced,  it  being  changed  successively  into  gum,  sugar, 
and  sacchulmine.  By  boiling  with  nitric  acid,  it  gives  saccharic 
nnd  oxalic  acids.  These  reactions  will  be  hereafter  studied  in  de- 
tail. A  solution  of  it  is  precipitated  by  basic  acetate  of  lead  and  by 
infusion  of  galls.  With  bromine  it  gives  a  yellow  precipitnte,  which 
is  decomposed  by  heat,  the  bromine  being  expelled.  With  iodine 
it  produces  a  compound  of  an  intense  blue  colour,  which  is  its  most 
remarkable  property. 

Iodide  of  Starch  is  produced  when  a  solution  of  free  iodine  is  add- 
ed to  a  solution  of  starch.  Its  colour  is  violet  blue  or  nearly  black, 
according  to  the  proportion  of  starch.  It  is  very  soluble  in  water, 
but  insoluble  in  alcohol,  and  may  be  obtained  solid  by  adding  alco- 
hol to  a  very  strong  aqueous  solution,  and  collecting  the  precipi- 
tate on  a  filter.  It  is  decomposed  by  alkalies  and  by  chlorine;  in- 
deed, by  all  bodies  which  combine  with  iodine  ;  and  its  formation 
serves,  therefore,  as  a  test  only  for  free  iodine,  as  described  in  p. 
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313.  When  a  solution  of  iodide  of  starch  is  heated,  it  becomes 
quite  colourless  helow  200°,  and,  if  it  be  not  boiled,  regains  its  col- 
our perfectly  as  it  cools.  When  the  liquor  remains  colourless  after 
cooling-,  the  blue  may  be  restored  by  oxalic  acid  or  by  chlorine, 
which  expels  the  iodine  from  the  combination  it  had  formed. 

The  composition  of  starch,  no  mattel'  what  plant  it  may  be  deri- 
ved from,  is  C,iH|oO|o,  as  confirmed  by  a  variety  of  reactions,  Ita 
combination  with  oxide  of  lead,  Amylate  of  Lead,  is  U,2H(„Oo+2 
Pb.O. 

Inidin. — This  kind  of  slarch  is  found  in  tlie  roota  of  the  inula,  dalilia,  angelica, 
Jpontodon,  and  many  other  plants.  It  may  be  prepared  in  the  same  way  as  common 
Eiareh.  It  is  a  white  and  very  fine  powder,  almost  insoluUe  in  cold  water,  but  easi- 
ly dissolved  by  boiling  water;  Ibrmmg  a  liquor  which  becomes  tMck,  but  not  gelati- 
iious,  when  it  cools,  and  deposites  Iha  greater  part  of  the  innlin  unehanged.  It  is 
transformed  by  acids,  lite  common  starch,  but  more  easily.  It  is  precipitated,  like  it, 
by  solnlions  of  borax  and  subacetate  of  lead,  and  by  ictUsion  ol  galls.  It  is  pecu- 
liarly distinguished  from  it  by  not  giving  with  iodine  any  bine  colour,  being  merely 
tinged  yellow.  The  strucHtfe  of  the  grains  of  inulin  has  not  been  accurately  ex- 
ammed.  Its  fominla  is  C12H10O10,  iike  [hat  of  common  starch,  but  in  colnbining 
wilh  ozide  of  lead  it  appears  to  lose  one  atom  of  water,  and  to  become  CiiHaOj,  as 
remarked  by  Pamell. 

Lielte^ns, — This  variety  of  starch,  which  is  found  in  many  lichens,  especially  the 
Iceland  moss  and  the  CEurigeen  (sphcerococcu.s  crispus),  is  not  contained  in  the 
plant  in  grains,  but  in  a  soluble  condition.  To  obtain  it,  the  lichen  is  first  digested 
in  a  cold  dilute  solution  of  carbonate  of  soda,  to  dissolve  the  hitter  resinous  princi- 
ple, and  this  being  completely  washed  away,  the  lichen  is  boiled  for  a  lonir  time 
m  water;  a  liquor  is  obtained,  from  which,  on  cooling,  the  liehenine  separates  as  an 
opaque  gray  jelly,  which,  when  dried,  is  black,  hard,  and  glassy.  Its  propenies  are 
very  similar  to  those  ofinuline.  It  gives  with  iodine  a  greenish-brown  coluur.  Its 
composition  is  expressed  by  the  same  formula  as  the  oAera,  CiaHioOio- 

O/Lignine.  Principle  of  Woody  Fibre. 
When  any  kind  of  wood  is  treated  successively  and  repeatedly 
by  dilute  acids  and' alkalies,  by  water  aud  by  alcohol,  so  that  every 
soluble  material  is  removed  from  it,  we  find  that  the  substance 
which  remains  is  of  very  constant  composition,  being  expressed  by 
the  formula  CuHjOa.  Of  this  substance,  Lignine,  the  ploper  wood 
of  the  plant  is  constituted ;  its  molecules  being  arranged  so  as  to 
form  the  tubes  and  cells  of  the  vegetable  tissues,  and  cohering  so 
firmly  as  to  produce  the  fibres  of  flas,  cotton,  and  iiemp,  whicJi  con- 
stitute the  materials  of  our  most  important  woven  textures,  of  pa- 
per, frc.  Although  the  lignine  is  thus  rather  the  remains  of  an  or- 
ganized body  than  a  mere  chemical  substance,  it  forms  some  com- 
binations which  are  of  great  importance  in  the  arts.  Thus,  if  linen 
or  cotton  cloth  be  dipped  in  dilute  solution  of  acetate  of  alumina, 
the  earth  abandons  the  acid  to  combine  with  the  lignine,  and  thus 
serves  as  the  means  of  fixing  on  the  cloth  the  various  colouring 
matters  used  in  the  processes  of  dyeing.  The  same  occurs  with 
oxide  of  iron;  and  other  metallic  oxides  have  a  similar,  though 
weaker  affinity  for  lignine,  and  thus  serve  as  mordants  for  various 

Lignine,  when  quite  pure,  is  white ;  the  bleaching  of  linen,  cot- 
ton, paper,  &c.,  being  effected  by  destroying,  by  means  of  the  air 
or  of  chlorine,  the  resinous  and  other  matters  which  are  associated 
with  the  lignine  in  the  fibres  or  cells  of  the  plants;  the  lignine  it- 
self resists  these  agents,  unless  applied  in  a  very  concentrated  form 
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With  cold  nitric  acid  lignine  combines  directiy,  forming  a  very  re- 
markable substance,  Xyloidine,  which  may  be  produced  by  immer- 
sing for  a  moment  a  piece  of  paper  in  strong  nitric  acid,  and  then 
washing  it  well  in  pure  water.  It  assumes  the  fee!  and  toughness 
of  parcnmeut,  and  is  so  coqjbustible  as  to  serve  for  tinder.  Hot 
nitric  acid  converts  lignine  into  oxiilic  acid;  with  sulphuric  acid  it 
is  changed  into  gum,  and  ultimately  into  sugar,  as  will  be  detailed 
farther  on. 

If  sawdust  be  heated  with  a  warm  solution  of  potash  for  some 
hours,  the  liquor  will  be  found  to  contain  a  considerable  quantity 
of  common  starch,  capable  of  strilung  a  blue  colour  with  iodine; 
but  by  this  means  the  ligneous  fibre  is  dissected,  and  not  decom- 
posed. The  starch  may  be  extracted  also  by  mechanical  means, 
and  pure  lignine  does  not  yield  any.  If  lignine  be  strongly  heated 
with  hydrate  of  potash,  hydrogen  is  evolved,  and  a  mixture  of  ace- 
tate and  oxalate  of  potash  results;  C,jH,0^  and  4H.0.  giving  6H., 
with  2(C,0,)  and  2{C^il,0,).    , 

In  dry  air,  or  immersed  under  water  free  from  air,  lignine  remains 
for  an  indefinite  length  of  time  unaltered  ;  but  if  both  air  and  water 
have  access,  oxygen  is  absorbed,  and  carbonic  acid  and  water  given 
out,  and  a  series  of  products  of  decomposition  result,  which  form 
the  basis  of  vegetable  soil,  and  thus  serve  as  the  materials  for  a  new 
generation  of  plants.  By  the  conjoint  action  of  heat  and  water,  lig- 
nine produces  another  class  of  products,  and  a  third  series  arises 
from  the  destructive  distillation  of  dry  wood.  These  subjects  will 
be  examined  specially  in  their  proper  place. 

Of  the  different  Varieties  of  Gvm. 

It  is  necessary  to  distinguish  three  varieties  of  gum,  to  which 

the  names  a(  ^raHne,  Cei-asine,  and  Dextrine  may  be  given.     The 

first  two  are  natural,  the  last  is  a  product  of  the  transmutation  of 

^raHne  is  found  in  the  juices  of  many  species  of  acacia  and  pru- 
nus  j  it  exudes  from  crevices  in  the  bark,  and  forms  lumps,  in  which 
state  it  is  found  in  commerce  (Gum  Arabic  and  Gum  Senegal).  The 
roots  of  mallow,  comfrey,  and  many  other  plants  contain  a  great 
deal  of  arobine.  It  is  never  crystalline,  and  is  colourless  and  trans- 
parent, with  a  vitreous  fracture.  It  is  dissolved  by  water  in  all 
proportions,  forming  a  thick,  adhesive  liquid  {mucilage).  It  is  not 
dissolved  by  alcohol,  which  precipitates  its  watery  solution.  It 
combines  with  bases,  forming  well-defined,  insoluble  compounds, 
and  is  not  in  any  way  acted  on  by  iodine.  A  solution  of  arabine 
exercises  sinistral  rotatory  power  on  a  ray  of  polarized  light  (p.  41). 
By  contact  with  sulphuric  acid,  arabine  is  gradually  converted  into 
dextrine,  and,  if  the  digestion  be  continued,  this  then  changes  into 
sugar.  With  nitric  acid  arabine  gives  mucic  acid,  and  afterward 
oxalic  acid  ;  another  characteristic  property  of  it  is,  that  of  giving 
a  precipitate  with  solution  of  silicate  of  potash  (soluble  glass,  p. 
437).     Its  composition  is- expressed  by  the  formula  CuHuOn- 

Tragacanthine,  or  Vegetable  Mucvs,  exists  in  cherry-tree  gum  mix- 
ed with  arabine,  but  is  purer  in  gum  tragacanth,  in  flaxseed,  and  in 
quince -seed.     It  is  extracted  by  digestion  in  water,  when  it  gradu- 
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idly  swells  lip  and  appenrs  rather  to  imbibe  the  water  than  to  dis- 
solve ;  a  thicli  tenacious  liquor  is  obtained,  which  is  precipitated  by 
alcohol  and  by  solution  of  basic  acetate  of  lead,  but  not  by  silicate 
of  potash.  With  sulphuric  and  nitric  acid,  the  same  products  ace 
formed  as  fron:i  arabine. 

The  Salep  of  commerce  is  the  tragacanthine  extracted  from  the 
\oots  of  various  species  of  orchis,  and  dried. 

Dexirme.— This  variety  of  gum  is  formed  from  the  starch  of  the 
seed,  in  germination,  and  may  be  obtained  by  digesting  starch  in 
dilute  sulphuric  acid.  If  five  parts  of  starch,  with  one  of  oil  of  vit- 
riol and  hfteen  of  water,  be  kept  at  200-'  for  some  time,  the  starch 
completely  disappears,  the  solution  loses  its  power  of  gelatinizing; 
it  acquires  the  characteristic  rotatory  power  of  Dextrine^  and  colours 
iodine  of  a  port-wine  red,  without  any  tinge  of  blue.  If  the  liquor 
be  neutralized  by  carbonate  of  barytes,  the  whole  quantity  of  su!- 
phitric  acid  separates,  and  by  evaporation,  the  dextrine  is  obtained 
as  a  pale  yellow  mass  of  a  vitreous  fracture ;  it  is  not  adhesive  like 
common  gum,  nor  does  it  yield  any  mucic  acid  when  acted  on  by 
nitric  acid. 

Dextrine  precipitates  a  solution  of  basic  acetate  of  lead,  but  is  not 
affected  by  silicate  of  potash.  If  dextrine  be  boiled  too  long  with 
the  sulphuric  acid,  it  passes  into  a  substance  more  analogous  to 
tragacanthine,  which  is  also  formed  when  arabine  or  lignine  is  so 
treated.  In  this  state  its  rotatory  power  is  feeble,  and  it  ia  not  at 
nli  coloured  by  iodine.  In  both  these  forms  the  composition  of 
dextrine  is  C„H.oO,o. 

Of  the  different  Varieties  of  Sugar. 

The  species  of  sugar  are  much  better  disting-uished  from  each 
Other,  both  by  properties  and  composition,  than  the  various  kinds 
of  starch,  or  of  gum,  have  been  found  to  be.  They  are  ail  charac- 
terized by  being  capable  of  undergoing  the  alcoholic  fermentation. 

Cane-sJ^ar.— C|,H|oO|„+Aq.  when  crystallized.  This  species  of 
sugar  is  found  abundantly  in  the  juices  of  many  plants.  It  is  ex- 
tracted for  use  from  the  sugar-cane,  the  maple,  and  the  beet-root. 
The  juice,  when  fresh,  runs  into  fermentation  with  grei.t  quick- 
ness, and  is  therefore  clarified  by  being  warmed  to  150',  with  a  lit- 
tle lime,  by  which  the  vegetable  albumen  is  coagulated,  and  the  fer- 
mentation checked.  The  juice  is  then  evaporated  with  as  little 
heat  as  possible,  and  allowed  to  cool  in  vessels,  at  the  bottom  of 
which  a  number  of  small  apertures,  stopped  with  plugs,  are  situated. 
The  sirup  congeals  into  a  granular  mass,  and  when  it  is  quite  cold, 
the  apertures  below  ore  opened,  and  the  liquid  portion  allowed  to 
run  out.  The  sugar  thus  obtained  in  fine  crystalline  grains  is 
brownish-coloured,  and  is  termed  Mtiscovado,  or  Saw  Sugar.  The  li- 
quid uncrystallizoble  portion  constitutes  Molasses,  or  Treacle.  To  ob- 
tain the  sugar  pure,  it  ts  rediasolved,  and  the  liquor  having  been 
cautiously  evaporated  {in  some  establishments,  ire  uaeuo,  see  p.  85) 
to  the  necessary  degree,  is  poured  into  cones  of  unglazed  earthen- 
Ware,  which  are  placed  on  their  summits,  the  orifice  in  which  is 
stopped  by  a  plug.  When,  by  cooling,  the  sirup  has  crystallized, 
(luring  which  the  mass  is  continually  stirred  about  to  render  the 
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crystals  very  minute  and  close,  the  plug  helow  is  removed,  and  tlie 
coloured  liquor  drains  out ;  the  last  portions  of  it  bein^  removed  by 
laying  a  sponge,  moistened  with  some  spirit  or  with  a  clear  si;up, 
on  the  sugar  at  ihe  base  of  the  coiie,  and  allowing  the  pure  liquid 
to  filter  through.  Thus  is  obtained  reftned,oi  Loaf-sugar.  If  a  strong 
sirup  be  laid  aside  in  a  warm  place,  it  crystallizes  in  very  beautiful 
oblique  rhombs,  which  constitute  the  Sugar-candy  of  commerce. 

Cane-sugar  is  perfectly  colourless.  Its  sp.  gr.  is  1-6  ;  when  heat- 
ed, it  fuses  at  350'  into  a  clear  yellow  liquid,  and  congeals,  on  cool- 
s  (barley-augar),  wliiuh,  after  some  weeks, 
iTstalline.  if  tbe  temperature  rises  to  - 
sugar  becomes  dark  brown,  being- 
strongly  heated,  it  is  totaliy  decom- 
s  third  of  its  weight  of  cold,  and  in  all 
r  water.  A  saturated  solution  becomes  quite 
If  a  strong  solution  of  sugar  be  kept  for  some 
time  near  its  boiling  point,  it  is  gradually  changed  into  uiicrystalli- 
zable  sugar;  hence  arises  the  most  important  source  of  loss  in  the 
manufacture  and  refining  of  sugar.  It  is  sparingly  soluble  in  abso- 
lute alcohol,  and  but  moderately  rn  weak  spirit. 

Sugar  combines  with  some  bases  and  salts,  acting  as  a  feeble  acid ; 
the  compound  with  oxide  of  lead  is  insoluble,  and  has  the  formula 
C|sH|oO,o+2Pb.O. ;  that  with  barytes  is  crystalline:  its  formula  is 
CisHjoOpo+Ba-O.  With  common  salt  sugar  combines,  forming  crys- 
tals, easily  soluble  in  water,  and  consisting  of  C,iH|oO,o  +  Nn.C!. 

The  action  of  acids  on  cane-sugar  is  very  remarkable.  When  di- 
gested with  very  dilute  sulphuric  or  muriatic  acid,  it  is  converted 
into  grape-sugar ;  but  with  stronger  acids,  it  is  changed  into  two 
brown  substances,  insoluble  in  water,  one  of  them  soluble,  the  other 
insoluble  in  alkaline  liquors.  The  former  is  termed  Sacchulmme, 
the  latter,  Sacchulmic  ^cid.  These  bodies  are  formed  even-  with 
very  dilute  acids  if  the  digestion  be  continued  for  a  long  time.  Ac- 
cording as  the  reaction  proceeds,  the  sacchulmine  separates  in  mi- 
nute brilliant  brown  crystalline  plates,  mixed  with  a  dull  brown 
powder,  which  is  sacchulmic  acid.  They  are  separated  by  water 
of  ammonia,  which  dissolves  the  latter.  The  composition  of  thes 
bodies  is  not.  quite  definitely  establisiSd,  as  it  app« 
eneed  by  the 'strength  of  the  acid  used  and  other 
The  best-grounded  idea  is,  that  they  have  both  the 
tion,  C3oHi,0,5,  being  isomeric  with  ulmine.  If  in  ti 
atmosplieric  air  have  access,  oxygen  is  absorbed,  an 
tity  of  formic  acid  generated. 

The  preparation  of  oxalic  acid  by  means  of  nitric  acid  and  sugar 
has  been  already  described  (p.  493).  If  dilute  acid  be  used,  so  that 
the  oxidation  may  not  be  forced  so  far,  a  liquor  is  obtained  which 
gives  with  carbonate  of  lime  a  neutral  solution.  When  this  is  de 
composed  by  acetate  of  lead,  a  white  precipitate  is  thrown  down, 
which  being  acted  on  by  sulpliuretted  hydrogen,  the  acid  is  set  free, 
and  may  be  obtained  crystallized  by  evaporating  and  cooling  its  S07 
lution.  This  is  termed  the  Saccharic  ^cid.  It  gives  an  extensive 
series  of  salts,  being  a  pentabasic  aeid.  Its  formula  is  C|5,HjO||-|-5 
H.O.  when  crystallized.     Its  potash  salt  is  CjHAi+K.O.  .  4H.0. 
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Its  lead  sAt  CijHjOa+SPb-O.  The  sacciiarate  of  lime  is  sparingly 
soluble  in  water,  but  dissolves  in  a  very  slight  excess  of  acid,  which 
distinguishes  it  from  an  oxalate.  An  ammoniacal  solution  of  sac- 
charate  of  silver  is  deconaposed  by  heat;  metallic  silver  being  de- 
posited, and  forming  a  mirror-surfaee  on  the  interior  of  the  vessel. 

The  Caramel  formed  by  heating  sugar  to  650'  appears  as  a  porous, 
shining,  jet  black  mass.  It  is  completely  soluble  in  water,  and  free 
from  any  empyreumatic  taste.  It  is  insoluble  in  alcohol ;  it  com- 
bines witii  bases ;  its  formula  is  CaHaOg.  The  sugar,  in  forming  it, 
therefore,  loses  the  elements  of  an  atom  of  water,  besides  its  water 
of  crystallization.  By  heating  sugar  with  lime,  a  volatile  liquid  is 
obtained,  which  has  the  formula  C.HsO,,  and  is  termed  MetaceCone. 

Grapt-svgar.  G/wcose.— C|3H||0|,+3  Aq.  when  crystallized.  This 
kind  of  sngar  is  still  more  extensively  distributed  in  nature  than 
the  former.  It  gives  the  sweet  taste  to  fruits,  and  forms  the  solid 
part  of  honey.  It  is  produced  in  the  animal  body  in  certain  forms 
of  disease,  as  diabetes,  and  by  the  transformation  of  starch  in  ger- 
mination, and  by  artificial  processes.  In  consequence  of  this  vari- 
ety of  sources,  it  is  better  to  term  it  glucose,  as  suggested  by  Du- 
mas, than  to  use  a  name  indicating  any  one  special  origin. 

Glucose  may  be  obtained  from  raisins  or  honey  by  digestion, 
first  with  cold,  strong  alcohol,  to  remove  the  uncrystallizable  sugar, 
and  then  expressing  the  residue,  which  is  to  be  dissolved  in  water, 
and  neutralized  by  chalk.  The  liquor  so  obtained  may^be  clarified 
by  white  of  egg,  and  evaporated  to  crystallization. 

From  starch,  gum,  or  cane-sugar,  it  may  be  prepared  by  the  ac- 
tion of  sulphuric  acid  as  follows ;  one  part  of  potato-starch  is  to  be 
boiled  with  four  parts  of  water  and  jV*^  "^  "il  of  vitriol  during  36 
or  40  hours,  the  water  which  evaporates  being  replaced.  The  jelly 
does  not  assnme  any  consistence ;  the  liquor  remains  clear,  and  the 
material  used  is  found  completely  converted  into  sugar.  By  means 
of  chalk,  the  acid  is  removed,  and  the  solution  being  evaporated, 
the  sugar  crystallizes. 

If  starch  paste  be  moistened  with  an  infusion  of  pale  malt,  it  is 
rapidly  converted  into  dejtrine,  and  thence  into  grape-sugar.  This 
occurs  from  the  catalytic  influence  of  a  principle  termed  Diastase, 
which  exists  in  the  malt,  and  the  formation  of  which  will  be  de- 
tailed under  the  head  of  germination. 

To  convert  lignine  into  sugar,  hits  of  paper  or  linen  are  to  he  im- 
bibed with  their  own  weight  of  oil  of  vitriol,  until  they  are  convert- 
ed into  a  uniform  viscid  mass,  taking  care  that  it  shall  not  become 
hot ;  this  is  then  to  be  diluted,  and  the  liquor  boiled  for  some  time. 
The  acid  being  then  removed  by  chalk,  the  sngar  is  obtained  pure, 
by  crystallination,  as  in  the  former  case. 

Sugar  of  grapes  crystallizes  in  hard  colourless  tables  or  in  hemi- 
spherical grains,  consisting  of  minute  needles  closely  aggregated 
together ;  its  specific  gravity  is  1-38 ;  it  is  much  sweeter  than  cane- 
sugar,  and  less  soluble  in  water.  When  heated  to  212°,  it  gives  off 
two  atoms  of  water,  which  it  recovers  when  redissoJved  ;  but  by  a 
stronger  heat  it  is  changed  into  caramel.  It  is  soluble  in  twenty 
parts  of  boiling  absolute  alcohol,  and  separates  almost  totally  or 
cooling,  ia  granular  crystals,  which  contain  alcohol  combined.     It 
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eombines  with  bases,  forming  compoiuids  nnalogous  to  jtiose  given 
by  cane-sugar. 

The  composition  of  crystallized  grape-sugar  is  CjH^On,  or  C,jHi, 
0,1  +  3  Aq.  When  fused  at  212°,  it  becomes  C,iH„0,„  or  C„H„0„ 
-f-Aq.  Its  compound  with  chloride  of  sodium,  which  crystallizes 
in  fine  double  six-sided  pyramids,  consist  of  2(C,,H,jO,j)-!-]Va-Cl.-|- 
2  Aq.  With  a  solution  of  basic  acetate  of  lead  it  gives  a  white 
precipitate,  the  formula  of  which  is  C,3M0„-|-3Pb,0.,  correspond- 
mg  to  the  crystallized  sugar.  The  dry  grape-sugar  has  evidently 
the  same  composition  as  the  crystallized  cane-sugar. 

The  kinds  of  sugar  (glucose)  derived  from  these  different  sources 
are  not  so  really  identical  as  has  been  generally  supposed,  since 
they  are  found  to  act  differently  upon  polarized  light.  Grape-sugar, 
as  contained  in  the  grape-juice  or  in  the  juice  of  the  flowering 
grasses,  rotates  the  plane  of  polarization  to  the  left ;  but  if  the  juice 
be  evaporated  and  the  sugar  crystallized,  its  molecular  constitution 
is  so  totally  altered,  as  that,  when  redissolved,  it  gives  a  rotation  to 
the  right.  The  starch-sugar,  as  well  as  cane-sugar,  rotates  also  to 
the  right,  but  in  a  much  inferior  degree  to  the  starch-gum,  which, 
as  already  mentioned,  receives  its  name  of  dextrine  from  that 
quality. 

As  ligninc,  starch,  gum,  and  cane-sugar  all  contain  the  same  quan- 
tity of  carbon  (Clj),  their  transformation  into  grape-sugar  consists 
evidently  in  the  fixation  of  the  elements  of  water;  thus  lignine, 
C,3bOs  takes  4H.0.,  and  100  parts  of  sawdust  have  been  found  to 
give  115  of  sugar;  starch  (C,2H,oO,o)  takes  2H.0.,  and  100  parts  of 
it  usually  yield  106.  It  has  been  remarked,  that  a  certain  quantity 
of  Mannite  is  at  the  same  time  produced,  besides  sacchulmine. 

Grape-sugar  yields,  when  treated  with  dilute  sulphuric  acid,  the 
same  brown  substances  as  cane-sugar;  but  if  the  sulphuric  acid  be 
concentrated,  it  forms  with  the  elements  of  the  sugar  a  peculiar 
acid  termed  the  Sitlphosaccliaric.  Sugar  of  starch  or  grapes  is  to  be 
fused  at  a  low  heat,  and  IJ  parts  of  oil  of  vitriol  then  well  mixed 
with  it.  If  the  sugar  he  pure  and  the  temperature  he  kept  low,  the 
product  is  not  coloured.  Its  constitution  is  not  rigidly  determined, 
but  its  lead  salt  consists  of  2(C,aH„0|,)-|-S.03+4Pb.O. 

In  acting  on  grape-sugar,  nitric  acid  gives  rise  to  the  same  pro- 
ducts, oxalic  and  saccharic  acids,  as  cane-sugar  j  indeed,  it  appears 
probable,  that,  like  the  other  strong  acids,  this  also  first  changes  the 
cane-sugar  into  glucose,  and  that  the  saccharic  acid  is  really  de- 
rived from  the  latter.  On  this  view  its  formation  is  more  easily 
explained ;  for  as  the  dry  glucose  is  CisHnOn,  and  the  saccharic  acid 
is  OiiHjO,!,  the  oxygen  of  the  nitric  acid  simply  removes  six  atoms 
of  the  hydrogen  of  the  grape-sugar,  and  the  elements  of  the  acid  re- 

By  contact  even  with  the  strongest  bases,  cane-sugar  is  hat  slowly 
altered,  and  hence  lime  may  be  employed  to  clarify  the  vegetable  jui- 
ces which  contain  it ;  but,  under  the  same  circumstances,  grape-su- 
gar is  rapidly  decomposed  and  an  acid  formed,  which  is  termed  Glu- 
etc  Acid.  It  is  very  soluble  in  water,  and  does  not  crystallize  ;  with 
lime,  barytes,  and  lead,  it  forms  neutral  soluble  salts,  but  it  precip- 
itates a  solution  of  basic  acetate  of  lead.     Its  taste  is  purely  acid, 
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ond  it  reddens  litmus.  Its  composition  is  CuHeOs,  and  it  is  isomeric, 
therefore,  in  its  dry  state,  with  lignine.  When  a  strong'  solution  of 
caustic  potash  is  added  to  fused  grape-sugar  boiled,  the  glucic  acid 
which  at  first  forms  is  decomposed.  The  liquor  becomes  deep 
brown,  and  yields,  on  the  addition  of  muriatic  acid,  a  black  fioccu- 
lent  precipitate  of  Mdassic  Mcid.  The  formula  CaiH,iOio  has  been 
assigned  to  it,  but  its  nature  is  not  well  known. 

Laciine,  or  Sugar  of  Milk.— This  renaarkable  siibstanoe,  which  is  found  only  in 
the  iniik  of  the  mammalia,  is  obtained  hy  evaporating  wiiey  to  a  poiiicie  and  setting 
it  aside  to  oool,  when  the  sugar  crystallizes  in  smaU  square  prisms,  wliite,  semi- 
transparent,  liard,  and  gritty  under  tlie  teetli.  Tlie  taste  of  the  crystals  is  hut 
olightly  sweet,  but  that  of  a  strong  solution  is  much  more  so.  It  liissolves  very 
slowly  in  water,  and  is  insoluble  in  alcohol. 

When  the  crystals  of  lactine  are  gradually  heated  to  270",  they  give  ofF  two 
atoms  of  water ;  at  about  300=  they  fuse,  and  give  off  three  atoms  of  water  more. 
The  composition  of  the  dry  sugar  thus  obtained  is  CaHisOio,  and  of  the  crystaU 
CmHi90i9-(-5  Aq.  By  mixing  solutions  of  sugar  of  milk  and  of  basic  acetate  of 
lead,  a  while  precipitate  is  produced,  the  formula  of  which  ts  CuHiDOig-|-6Ph.O. 

By  digestion  with  dilute  sulphuric  acid,  sugar  of  milk  is  changed  into  grape-sagar, 
and  then  produces  the  other  reactions  already  described.  With  alkalies  the  decom- 
position is  alsi>  the  same  as  that  of  glucose,  but  the  action  of  nitric  acid  nn  lactine 
differs  from  that  on  any  other  sugai,  as  the  acid  formed  is  not  the  saccharic,  but 
Uiat  already  noticed  as  obtained  from  native  gum,  the  Miuik  Acid. 

To  obtain  mucic  acid,  one  part  of  gum  or  iactine  la  to  be  dissolved  in  four  parts 
of  nitric  acid,  speciHc  gravity  1'43,  mixed  with  one  part  of  water.  Heat  is  to  ba 
applied  until  all  effervescence  has  ceased,  and  t'he  mucic  acid  is  deposited  on  cool- 
ing. It  is  a  crystalline  powder,  gristy  under  tlie  teeth,  and  feebly  acid.  It  dissolves 
!n  sis  partsof  boiling  water;  but  is  insoluble  in  alcohol,  its  crystals  have  the  form- 
ula CjzHioQi),  being  formed  from  gum  by  the  simple  addition  of  six  e(;uivalents  of 
oxygen.  This  formula  contains,  however,  3  Aq.,  as  it  is  a  bibasio  acid,  and  its  salts 
consist  of  CiiiHgOii-|-3M.O.  The  alkaline  mucates  are  soluble,  the  earthy  and  me- 
tric salts  are  insoluble  in  water. 

"When  mucio  acid  is  long  boded  with  water,  its  acid  properties  become  much 
stronger,  and  it  becomes  more  soluble  in  water  and  soluble  in  alcohol ;  it  gradually 
returns  from  this  state  to  its  ordinary  condition,  even  when  combined  witli  bases. 
If  mucic  acid  be  distilled  at  a  liigh  temperature,  water  and  carbonic  acid  are  evolv- 
ed, and  a  sublimate  forms  in  brilliant  white  plates,  which  are  soluble  in  alcohol  and 
water ;  CuHioOia  give  SC.Oj  and  6H  0.,  besides  OioiU(h,  which  is  the  Jbrraula  of 
the  hydrated  Fyromaeie  Acii.  This  substance  fuses  at  370°,  and  is  volatile  at  390" 
without  decomposition.  Its  salts  contain  one  equivalent  of  base ;  those  of  lead, 
barytes,  and  silver  are  insoluble ;  those  of  the  alkaiies  are  very  soluble  in  water. 

With  this  acid  a  certain  quantity  of  chlorine  may  be  combined,  forming  Chlnro- 
pytoaatdc  Adi,  CmHj.CliOs,  whicJi  is  prepared  by  acting  with  chlorine  oxiPyro- 
maac  Ether. 

Sugar  of  Mushrooms  is  deposited  in  rhombic  prisms  from  the  watery  solution  of 
thealcoholioextract  of  ergotof  rye.  They  are  insoluble  in  eUier ;  they  give  oxalio 
acid  by  nitric  acid,  and  undergo  the  alcoholic  fermentation.  Theii'  composition 
was  found  to  give  the  formula  CiaHjaOia,  but  little  is  known  accurately  of  this  va- 
riety of  sugar. 

Of  Mannite  and  Glycyrrhizine. 

These  bodies  are  connected  so  closely  with  the  true  sugars,  that,  although  want- 
ing in  the  characteristic  of  forming  alcohol  by  fermentation,  they  may  be  best  da- 
scribed  here. 

Manaiti,  OtHTOe,  is  found  in  manna,  of  which  it  constitutes  the  sweet  principle. 
It  exudes  also  from  the  bark  of  other  trees,  and  exisis  in  most  mushrot>ms.     It  is 

E reduced  by  the  decomposition  of  cane-sugar  in  certain  cases.  To  obtain  it,  manna 
1  digested  in  boiling  alcohol,  and  the  liquor  filtered  white  very  hot ;  on  cooling,  the 
mamihe  is  depositM  almost  totally,  and  may  be  purified  by  repeated  crystalliza- 
tions. Its  taste  is  slightly  sweet ;  it  is  very  soluble  in  water,  and  it  crystalliaes  in 
brilliant  white  prisms  of  sillty  lustre.    When  heated  gently,  it  fuses  without  losing 
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weight.  "With  nitric  acid  it  gives  oxalic  and  saccharic  aeids.  It  docs  not  appeal 
to  combine  with  bases. 

If  tlie  unclarilied  juice  of  the  beet  or  carrot  root  be  kept  at  a  temperature  of  100' 
Ibr  some  time,  a  tumuitnous  deoompositiun  sets  in,  which  is  termed  the  macousfer- 
menlatiim.  All  the  sugar  disappears,  and  the  liquor  is  found  Co  contain  a  large 
quantity  of  gum  and  of  mannite,  with  a  peculiar  acid,  which  exists  naturaliy  in  all 
the  animal  duids,  but  especially  in  milk,  and  is  ternied  the  Lactie  Acid.  AC  the 
same  time,  carbonic  acid  gas  is  evolred,  and  the  liquor  contains  ammonia.  This 
reaction  is  too  complex  to  he  expressed  in  formulce,  l>ut  it  may-be  noticed  that  on^ 
equivalent  ofdry  cane-sugar  contains  iheelementsof  two  equivalents  of  lactic  acid  j 
while,  by  abstracting  two  atoms  of  oxygen  from  an  equivalent  of  crystallized  grape- 
sugar,  the  constituents  of  twoal«ms  of  mannite  remain. 

Lactic  acid  is  most  easily  prepared  by  means  of  this  mucous  fermentation,  bui 
may  be  also  obtauied  abundantly  from  sour  whey,  or  the  sour  waters  obtained  io 
making  wheaten  starch.  The  acid  liquor  is  to  be  neutralised  by  carbonate  of  lead, 
and  the  solution  of  lactate  of  lead  evaporated  until  it  is  tolerably  concentrated.  It 
is  then  to  be  decomposed  by  snipbate  uf  zinc,  and  the  precipitated  sulphate  of  lead 
being  removed  by  the  filter,  the  lactate  of  zinc  may  be  obtained  in  large  crystals, 
easily  rendered  quite  pure  by  re-solutiun  and  crystallization,  A  solution  of  pure 
'  lactate  of  zinc  being  decomposed  by  water  of  barytes,  lactate  of  barytes  is  obtained, 
which,  with  sulphuric  acid,  gives  sulphate  of  barytes,  and  the  pure  iactic  acid  dis- 
solves.  The  solution  is  to  be  placed  in  vacuo  over  sulphuric  acid ;  it  gives  a  sirup- 
thick  liquor,  which  has  the  formula  CsHeOg  or  CeHjO^-j-Aq.,  as  it  contains  an  atom 
of  basic  water ;  it  tastes  strongly,  acid.  When  heated  to  480"  it  gives  olf  water, 
and  a  white  sublimate  forms  m  brilliant  white  rhomboidal  plates,  which  is  Faralac 
tic  Acid.  It  is  purilied  by  solution  in  bailing  alcohol,  from  which  it  crystallizes. 
TheoompositionofthisbodyisCBHiOj;  it  fuse  a  235  a  d  a  e.  450";  il 
tastes  very  slightly  acid,  and  dissolves  but  very  s  ow  n  va  e  he  so  u  gives, 
when  evaporated,  only  the  sirupy  liquid  of  thef  hyd  a  ed  ac  d  a  d  does  o  crys 
taltlze. 

The  lactic  acid  coagulates  albumen ;  it  mixes  w  h  m  k  when  co  d  b  coagu. 
lates  it  when  boiled.  It  forms  monobasic  salts  n  wh  c  s  fo  mu  a  s  CsHsOs. 
They  are  all  soluble  in  water,  and  crystallize  but  mpe  ec  y  except  a  of  zinc, 
which  forms  brilliant  white  four-sided  prisms  eonta  n  ng  th  ee  a  o  ns  of  c  ystal- 
water.  The  Proldaetati  of  Iroa,  GaHjOs+Fe.O  +3  Aq ,  may  he  o  ta  ned  e  ysta^ 
lized  in  small  prisms  of  a  greenish-yellow  colour.  The  Periactaic  of  Iron  dries  into 
a  reddish  transparent  mass  like  shell-lac.    These  last  are  used  in  medicine. 

The  lactic  acid  will  be  again  noticed  as  a  constituent  of  the  animal  system.    . 

Gli/cyrr/asiTte. — This  substance,  which  is  found  in  the  Uqoorice-root,  and  in  some 
other  sweet  woods,  is  obtained  by  boiling  the  root  or  liquorice  in  water,  and,  after 
concentrating  the  liquor,  adding  thereto  sulphuric  acid,  A  white  precipitate,  con- 
taining the  glycyrrhizine  combined  with  sulphuric  acid  and  albumen,  is  formed. 
This  is  to  be  washed  with  acid  water,  and  then  with  pure  water,  and  W  be  dissolv- 
ed in  alcohol,  which  leaves  the  albumen.  The  alcoholic  solution  is  to  be  decom- 
posed by  carbonate  of  potash,  which  throws  do«Ti  U-J  sulphuric  acid,  and  by  evap- 
orating the  filtered  liquor,  the  sweet  principle  remains  pure  as  a  yellow  transparent 

Its  most  remarkable  property  is  that  of  combining  very  definitely  with  acids  and 
bases,  and  with  several  neutral  salts.  Almost  every  acid  precipitates  a  compound 
from  a  solution  of  glycyrrhizine.  It  expels  the  carbonic  acid  from  the  carbonates 
of  potash,  soda,  ana  barytes,  combining  with  the  base,  and  il  precipitates  the  solu- 
tions of  most  of  the  ordinary  metallic  salts.  Neither  the  pure  suhstance  nor  any 
ol  its  compounds  have  been  accurately  analyzed. 
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An  aqueous  solulion  of  pure  s 
any  length  of  time,  if  carefully  e 
access,  it  ia  gradually  decomposed,  becomiog  brown  and  sour,  but  no  al- 
cohol is  generated.  If,  however,  the  solution  of  sugar  be  brought  in  con. 
tact  with  any  organic  substance  which  is  itself  in  the  act  of  slow  decom. 
position,  then  the  particles  of  sugar  participate  in  the  change  which  is 
going  forward,  and  carbonic  acid  and  alcohol  result. 

The  substance  which  is  specially  active  ia  inducing  this  kind  of  fer 
mentatioa  is  an  azotized  body  termed  yeast ;  but  a  number  of  animal 
and  vegetable  substances  can  also  effect  it.  Blood,  white  of  egg,  glue, 
flesh,  if  they  have  begun  to  putrefy,  are  capable  of  exciting  it;  but  the 
bodies  of  most  practical  importance  in  that  respect  are  vegetable  albu- 
men and  gluten.  These  bodies  exist  in  all  fruits  and  seeds,  in  greater 
or  less  proportion,  but  they  differ  in  character,  according  to  the  plants 
they  are  derived  from,  nearly  ia'the  same  way  as  the  varieties  of  starch, 
I  shall  here  only  notice  them  as  derived  from  wheat  and  from  beans,  as 
I  shall  have  occasion  to  describe  sor  I  '  m  I  f  If  I  a 
flour  be  washed  with  water  in  a  iin       b  g    h  p  ff      d  a 

tenacious  paste  remains,  which  con  m  d  g  d 

They  may  be  separated  by  boiling  i  b    b  d  h 

and  leaves  the  former  behind,     O     m  q  h 

water,  the  gluten  is  precipitated,  and  m  y  b  d      d  d      d 

Vegetable  Gluten  so  obtained  is  p       y       w       d       m     wh  an 

adhesive  mass,  very  extensive  and  I  h 

thick-fluid  when  concentrated ;  insol  b  d 

acid,  and  in  alkaline  solutions.     It  w  h    h     m 

forming  bodies  very  sparingly  solub  h    h  p  d 

by  adding  the  acid  to  the  solution  o    g  P       h 

If  these  solutions  be  mixed  with  so  m 

precipitates  are  formed,  which  are       m         d  h  h 

metallic  oxide. 

In  all  these  reactions,  ihe  gluten  i  mp  n    d  by 

termed  JKacwi,  which  it  is  difficult  to      n        p  y       m    h    g 

it  is  best  effected  by  boiling  with  wa       w  d 

ed.    Its  solution  is  precipitated  by  s    p  d  g 

but  not  by  acetate  of  Jead  or  corrosi  m 

Vegetable  Albumen  remains  behind  b  e  h      b    n 

boiled  in  alcohol.     It  is  destitute  of  e  d       d  d 

a  hard  white  mass ;  it  is  moderately        b  d 

coagulated  by  heat ;  it  dissolves  in     k  q  I  e 

precipitated  by  acids,  except  the  pho  ph  d  d  by        a   h 

and  metallic  salts ;  these  precipitates  are  white  or  coloured,  according  to 
the  nature  of  the  metallic  oxide  ;  with  ferro-prussiate  of  potash  and. with 
Y  Y  y 
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iiipLision   of  galis,  the  solution  of  vegetable  albumen  in  acetic  acid  g 
while  precipitates. 

Leguntin. — This  substance,  which  exists  in  pease  (ind  beans,  posse: 

pi-operties  intermediatH  to  those  of  the  gluten  and  nibunieti  of  wheat. 

When  powdered  pease  are  diffused  through  water,  ihc  starch  settles  lo 

the  bottom,  but  the  lej^umin  is  dissolved,  and  separates  by  evaporution, 

I  f        f  I     Iq        '    m  coua  transparent  pellicles.  Its  snlution 

g  1      d  by  I  soluble  in  Elcohol.     It  dissolves  in  so. 

I  f   I  bl         d         d  is  precipitated  on  the  addition  of  a 

1        d      1    d       I  lUaiies,  and  gives,  with  the  earthy  and 

m      II         I  p       d  I  le  in  water. 

All    I  b       cc    d  ff     f    n  most  vegetable  bodies,  in  containing 

1    g     q  y    f  d  in  the  latter  case,  sulphur,  as  a  con- 

Tl   y  I  bid      1  en  burned,  an  ash  consisting  of  phos. 

ph  f  1  d        1,  similar  to  the  ash  of  animal  sub- 

I  d    d  Im       p    t  ct  similarity  of  properties  exiats  be- 

h       Id  d  fib  Ibumen,  and  casejin  among  animal  prod- 

I  I  d  I  {  uline  probably  amounting  to  identity. 

I  h  d  bese  bodies  enter  spontaneously  into 

d      mp  I  b  acid  and  ammonia,  and  forming  new 

p    d  d        h  Id      mposition  they  superinduce  the  alco- 

f   1      f  1         p        ies  of  sugar  which  lie  in  contact  with 

I    m      H  f     Is    h  may  lie  in  contact  with  these  vegeto- 

1      b  ta  1  y   1    nge  occurring,  as  long  as  the  investing 

m      b  f  I     f  11  3  perfect ;  but  if  the  fruit  be  crushed, 

h       h  h  1  xygen  is  absorbed,  the  vegeto-anima! 

b  dy  b  p       fy      d   1        gar  is  soon  engaged  in  the  decomposi- 

1  m    k  b!       i        I      necessity  for  oxygon  is  at  the  coni- 

m  f   h     d      m]  when  the  putrefaction  of  the  albu- . 

gl  b  b  g        t  extends  itself  throughout  its  whole 

I  q  y  f     I      action  of  the  air. 

The  prmciples  of  the  conseivation  of  vegetable  juices  bv  enclosure  in 

vessels  from  which  iho  air  is  excluded,  can  eas  !y  be  understood  from 

this,  as  well  as  the  utility  of  such  agents  as  sulphurous  acid  or  s  Ipi  te 

of  potash,  which  absorb  any  traces  of  oxyge  i  tl  at  n  ay  be  p  esent  and 

prevent  it  from  acting  on  the  organic  substai  ce 

The  general  characters  of  these  natural  fermeitls  be  ng  th  s  sketched 
it  is  necessary  to  add  the  important  facts  of  the  I  story  ofarlfi.  al  fer 
merit,  or  yeast.  This  is  nothing  more  than  the  deco  i  pos  g  mass  ol 
vegetable  gluten  or  albumen  produced  in  a  prev  ous  ferme  a  o  If 
the  yeast  be  too  old,  that  is,  if  all  the  vegeto  an  mal  matters  be  ^l  etdy 
decomposed,  its  power  of  exciting  action  is  dest  oyed  it  is  a  so  dest  uy  1 
by  boiling,  by  alcohol,  by  many  salts  and  acids,  and,  generally,  by  all 
those  means  which  give  to  the  albumen  and  gluten  an  insoluble  form,  and 
prevent  their  farther  putrefaction. 

When  a  solution  of  pure  sugar  is  fermented  by  contact  with  a  certain 
quantity  of  yeast,  this  last  is  found  to  be  very  much  diminished  in  quan- 
tity, and  to  have  totally  lost  its  activity.  On  the  contrary,  if,  in  place  of 
pure  sugar,  grape  or  currant  juice,  or  an  infusion  of  malt,  be  used,  the 
quantity  of  ferment  is  found  to  be  much  increased,  and  to  preserve  all 
its  power.  In  this  case  the  albumen  and  gluten  of  the  vegetable  juices 
are  themselves  brought  into  the  same  train  of  decomposition  as  the  added 
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poftiiiii  of  ytast,  and  Urns  form  a  new  and  larger  quantity  of  active  fur- 
nimitiii^  Riuterial.  Thus,  in  a  brewtiry,  the  quantity  oi  yeast  cuiiiiim. 
ally  increases.  If  yeast  be  examined  with  the  microscope,  it  is  found  to 
coutuiii  a  vast  numher  of  minute  globular  bodies,  possibly  animalcules, 
which  derive  their  nutriment  from  jt;  but  recently  some  very  uulbunried 
attempts  have  been  made  to  connect  these  globules  essentially  wiili  the 
process  of  fennentution,  by  the  idea  that,  iti  the  process  of  nutrUioii,  they 
absorbed  the  sugar,  and  tliat  the  products  of  fermentation  were  excreted 
subsequently  by  them.  But  this  is  shown  to  be  absurd  by  the  simple 
fact  that  the  weight  of  the  alcohol  aad  carbonic  acid  is  greater  than  the 
weight  of  the  sugar. 

The  phenomena  of  the  alcoholic  fermentation  are  best  observed  on  the 
clear-expressed  grape-juice,  kept  at  a  temperature  between  70°  and  80°, 
in  a  lightly  covered  vessel.  Alter  a  few  hours  a  slight  effervescence  is 
obseiv(,d  and  tic  liquor  becomes  turbid,  m  it  piiecUj  wcie  diffused 
through  It  As  the  etteive-icence  incLeases,  the  liquor  beconif.'i  warmer, 
and  the  precipiiati,  foims  floccuh,  on  «hii,h  tht  gas  bubbks  an,  eiolved, 
being  theicby  earned  to  the  su  face  of  the  liquor,  and  Ullm^  down  again 
when  the  gis  bubbles  have  brokei  This  cucuUtion  continues  until  the 
fermentation  has  ceased  whea  the  piecipiiite  collects  at  the  bottom 
Iht  liquoi  no  longer  tastes  sweet,  it  contains  no  sugai,  but  in  plaLe  of 
it  an  equivalent  quantity  of  alcohol  An  miusion  oi  malt  does  not  so 
readily  kiment  as  ihe  grape  juice,  unless  sone  yeast  be  hrst  addtd  Id 
Its  spontaneous  feimentation  most  of  the  gum  and  su^ai  whii-h  it  con 
lains  passes  nto  the  mucous  fermentatioi  whilt,  bit  little  alcohol  is 
foinied  111  the  piacticil  manulacture  ol  malt  d  inl  s  a  id  spirits  theie- 
fore,  the  woits  aie  dlwajs  set  to  ferment  by  the  addition  ol  a  suiiible 
quantity  ol  the  veast  tuin  ed  in  a  pieceding  opeiat  on 

Although  the  essential  character  of  sugir  js  to  be  capible  of  alcoholic 
fermentation,  yet  the  diflerent  kinds  of  sugar  enter  on  that  pioctss  with 
unequal  facility  The  sugai  of  milk  requires  the  piesence  of  a  very 
active  fermunt,  aid  of  an  acid,  hy  the  influence  of  which  it  is  chdnf,ed 
into  sugar  of  giapes  Thus  milk  does  not  ferment  until  it  has  become 
clotted  and  sour  ,  the  casein  then  acta  as  yeast  in  supei  inducing  the  al 
cohohc  fermentation  Indeed  no  raattei  what  kind  of  sogai  is  empkyed 
m  this  process,  it  is  changed  into  grape-sugar  before  fermenting,  as  is 
shown  by  the  action  of  the  liquor  upon  polarized  light.  The  grape-sugar, 
as  dried  at  312°,  contains  exactly  the  elements  of  two  atoms  of  alcohol 
and  four  of  carbonic  acid,  as  2{0,HA)  and  4aOj  arise  from  C,aH„0,j. 
As  cane-sugar  takes  an  atom  of  water  to  form  grape-sugar,  it  follows  that 
cane-sugar,  in  fermenting,  should  yield  more  than  its  own  weight  of  car- 
bonic acid  and  alcohol;  and  it  has  been  ascertained  by  experiment  that 
100  parts  actually  give  104,  while  by  theory  105  should  be  produced, 
consisting  of  51'3  of  carbonic  acid  and  53'7  of  alcohol.  This  coinci- 
detice  of  numbers  proves  that  these  bodies  are  the  only  products.  The 
influence  of  the  yeast  is,  therefore,  strictly  what  Berzelius  terms  cata- 
lytic, but  its  action  becomes  much  more  definitely  intelligible  by  consid- 
ering it  as  a  case  of  the  general  principle  expressed  fay  Liebig,  liiat  mo- 
tion (decomposition)  may  be  communicated  from  the  particles  of  one 
body  (yeast)  to  those  of  another  (sugar)  by  virtue  of  proximity,  as  de- 
scribed more  fully  in  p.  235-237. 

As  farther  details  of  the  circumstances  of  the  alcoholic  fermentation 
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would  vary  with  the  nature  of  the  liquor  to  be  produced,  whether  it  be 
for  immediate  drinking,  as  wjne,  ale,  or  porter,  or  lor  distillalion,  and 
as  these  lead  to  purely  technical  descriptions  of  the  arls  of  brewing, 
&c.,  I  shall  not  enter  on  ihem. 

Of  Alcohol  and  the  Ethers  derived  from  it. 

When  any  saccharine  liquor,  which  has  undergone  the  alcoholic  .fer- 
mentation, is  distilled  at  a  gentle  heat,  a  very  volatile  liquid  passes  over, 
which,  by  successive  rectifications,  may  be  deprived  of  most  of  the  water 
which  had  been  mixed  with  it.  In  various  degrees  of  strength,  and  con- 
taminated by  minute  traces  of  essential  oils,  characteristic  of  the  plants 
from  which  the  saccharine  liquor  has  been  obtained,  it  constitutes  the 
polato-smril,  hrandy,  maJt-wldskej/,  arrack,  rum,  &c,,  of  commerce.  In 
a  atili  stronger  form  it  constitutes  the  spirit  of  wine,  or  rectified  spirit, 
the  term  alcohol  being  applied  to  it  only  when  it  is  chemically  pure. 
By  mere  distillation  alcohol  cannot  be  freed  from  all  the  admixed  water, 
for  which  it  exerts  a  strong  affinity.  Wiien  its  specific  gravity  is  redu- 
ced to  0-81,3  at  60°,  in  which  state  it  still  contains  8-2  per  cent,  of 
water,  or  exactly  half  an  equivalent,  its  boiling  point  remains  constantly 
Rt  172°*,  and  it  distils  over  unchanged.  In  the  form  of  proof  spirit  o/ 
commerce,  its  sp.  gr.  is  about  0'92l>,  and  it  contains  48  per  cent,  of  ah 
solute  alcohol ;  the  rectified  spirit  containing  about  83  per  cent.,  and 
having  the  specific  gravity  0'S39  at  60°  F. 

To  obtain  real  alcohol,  or  absolute  alcohol,  as  it  is  generally  termed, 
rectified  spirit  is  to  be  distilled  at  a  moderate  heat  from  some  substance 
having  a  stronger  affinity  for  water ;  as  lime,  caustic  potash,  carbonate 
of  potash,  or  cliloride  of  calcium.  Of  these  the  last  named  should  be 
preferred.  The  water  of  the  spirit  combines  with  the  body  used,  and, 
forming  a  hydrate,  the  real  alcohol  distils  over.  The  rectification 
should  be  conducted  in  a  water-bath. 

A  singular  mode  of  concentrating  alcohol  is  founded  on  the  fact  that 
alcohol  does  not  moisten  the  animal  tissues,  but  corrugates,  and  rather 
abstracts  water  from  them.  Hence,  if  a  bladder  be  filled  with  spirit  of 
sp.  gr,  0'820,  containing  90  per  cent,  of  alcohol,  and  if  it  be  left  for  a 
few  days  in  a  warm  room,  the  spirit  will  be  found  to  have  its  sp.  gr. 
reduced  to  0'800,  containing  97  per  cent,  of  real  alcohol.  The  water 
permeates  the  bladder,  and  evaporates  from  the  outer  side;  but,  as  the 
alcohol  does  not  moisten  the  bladder,  it  cannot  get  through,  and  conse- 
quently remains  behind,  freed  from  water. 

The  very  ingenious  way  of  obtaining  alcohol,  devised  by  Graham,  by 
evaporation  in  vacuo  with  quicklime,  has  been  described  in  p.  87. 

Alcohol  thus  obtained  anhydrous  has  a  sp.  gr.  of  0-7947  at  60° ;  if 
boils  at  168° ;  tne  specific  gravity  of  its  vapour  is  1601 ;  it  does  not 
become  solid  even  in  the  most  intense  cold ;  its  taste  is  burning  and  dry 
upon  the  tongue,  owing  lo  its  abstracting  water  from  its  tissue.  It  is 
highly  inflaramaole,  and  burns  with  little  light.  From  its  volatihty,  if 
Bome  drops  of  it  are  poured  into  ajar  of  oxygen  gaa,  its  vapour  forms  a 
powerfully  explosive  mixture.  It  does  not  conduct  electricity.  It  mix- 
es with  water  in  every  proportion,  contracts  in  volume,  and  evolves  heat. 
The  ap.  gr.  of  spirituous  liquors  is  therefore  always  above  the  mean  sp. 
gr.  of  the  alcohol  and  water  they  contain.  The  greatest  condensatioa 
occurs  with  54  volumes  of  alcohol  and  50  of  water  ;  the  mixture  occu- 
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pics  only   100  volumes,  and  its  sp.   gr.  is  0-927,  being  a.  lilUe  Jenaer 

ilian  pi'oof  spirit. 
The  formula  of  alcohol  ia  CiHeOj,  and  its  eompnsition  is, 

4  equivalents  of  carbon,      =24'3    .     .     .     53  66 
6      "  ■      "         hydrogen,  =  60    .    .    .     13  90 

3  "        "         oxygen,     =16'l)    .     .     .    34' 44 
The  equivalent  of  aicohol,  =46-3    .    .    .  fOO-00 

TliLsisc^rtifirniedhy  the  products  of  its  decomposition,  and  by  the  specific  gih\ar 
of  its  vapobr;  for, 

4  volumes  of  carbon  vapour    .    {843X4)=3373  0 
IS        '■  hydrogen  .     .       (63:8X13)=  8356 

5  "  oxygen       .     .    <U0a-6X3)=.3305-3 

Give  four  volumes  of  alcohol  vapour    .      6403-8 
Of  which  one  volume  weighs  .     .    .     .'    1600  7 


in  of 


:r,  and  that 


■J- volume  of  vapour  of  ether,   =13906  )  ^g^^.j 
i  volume  of  vapour  of  mater,  =^  810  1  S 


Tlie  uses  of  alcohol  in  chemistry  and  pharmacy  are  numerous  and 
important.  It  dissolves  the  caustic  alkalies  and  most  deliquescent  salts, 
combining  ivith  them  to  form  alcoates,  which  resemble  very  remarlcably 
the  hydrates.  Thus,  if  dry  chloride  of  calcium  be  dissolved  in  alcohol, 
the  alcatUe  crystallizes  by  cooling  in  large  transpareo!  plates.  By  heat, 
these  are  decumposed,  aud  also  by  contact  with  water,  which  expels  the 
alcohol,  and  Cakes  its  place.  The  permanent  and  efflorescent  salts  are 
generally  insoluble  in  alcohol,  and  may  be  even  precipitated  by  it  from 
their  solution  in  water,  the  alcohol  seizing  on  the  water. 

An  important  pharmaceutic  use  of  alcohol  ia  for  the  solution  of  the 
resinous  principles  of  plants,  in  the  preparation  of  tinctures  and  alcoholic 
extracts.  The  strength  of  the  alcohol  must  in  these  cases  be  regulated 
by  the  nature  of  the  substances  to  be  dissolved.  Sometimes  rectified 
spirit,  at  other  times  proof  spirit  being  more  effectual. 

The  manufacture  of  alcohol  is  itself  one  of  the  most  important  arts ; 
it  is  the  basis,  also,  of  the  manufacture  of  vinegar,  of  the  making  of  res- 
inous varnishes,  and  various  other  processes.  To  the  chemist  it  ia 
specially  of  interest  as  the  type  of  a  very  interesting  group  of  organic 
bodies,  and  yielding  by  its  decomposition  a  very  numerous  series  of 
products,  which  are  of  great  importance  in  science,  in  pharmacy,  and 
in  the  arts. 

When  alcohol  is  exposed  to  the  air  it  gradually  absorbs  oxygen, 
aldehyd  and  acetic  acid  being  formed.  It  is  then  said  to  undergo  the 
acetotts  firmenlaiion.  Under  the  influence  of  acids  it  loses  an  atom  of 
water,  compounds  being  formed  which  are  termed  etJiers,  into  the  com- 
position of  which  the  acid  employed  generally  enters. 

Of  SuJ^lmric  Ether.  Ether.  Oxide  of  Ethyle. 
This  substance  may  be  prepared  by  any  process  which  deprives  alco- 
hol of  the  equivalent  of  water  which  it  contains.  Thus,  if  potassium  be 
placed  in  contact  with  absolute  alcohol,  hydrogen  gas  is  evolved,  and  a 
compound  of  ether  and  potash  crystallizes,  CjHjO.+H.O.  and  K.  giving 
CjH(0.+K.O.  and  free  H.     If  a  current  of  gaseous  fluoride  of  boron 
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(p.  3-26)  bo  passed  into  tilcoho!,  it  is  absorbed,  and  boracic  acid  separatea 
in  crystals,  while  tha  liquor  contains  ether;  here,  also,  the  water  ol'ihe 
alcohol  is  decomposed,  fluoric  and  boracic  acids  being  produced,  aad 
ether  liberated.  By  distillation  with  chloride  of  zinc,  also,  the  water 
may  be  abstracted  from  alcohol,  and  ether  obtained ;  but  the  affinity  of 
the  other  deliquescent  salts  is  not  sufficiently  intense  to  decompose  it. 

!t  is  by  the  action  of  sulphuric  acid  upon  alcohol  ihat  ether  is,  for 
practical  pur|M>ses,  always  obtained.  Equal  weights  of  rectified  spirit 
and  of  oil  of  vitriol  being  well  mixed,  and  avoiding  any  considerable  rise 
of  temperature,  are  to  be  introduced  into  a  glass  globe,  to  which  heat 
may  be  apphed  by  a  sand-bath,  as  represented  in  the  figure.  To  this 
may  be  attached  the  form  of  condenser  devised  by  Liebig  for  the 
distillation  of  very  volatile  liquids.     It  consists  of  a  glass  tube  three 


fourths  or  one  inch  inde,  and  twenty  foui  oi  th  it\  inches  ]  i  ^  d  d  to 
which  ia  attached  al  one  end  by  a  good  emit  a  nniiowei  tube,  passing 
to  the  globe,  and  to  the  other  end  is  soideied  a  smaller  tube,  bent  at  an 
ohtuse  angle,  and  conducting  to  the  receivei  e  The  tube  d  d  fits  water- 
tight by  corks  into  a  tinned  cylinder  c,  the  propoi  lions  of  which  may  be 
ju(lged  from  the  figure  ;  this  is  kept  full  of  cold  wafer.  When  the  distil- 
lation commences,  the  hot  vapours  entering  the  condensing  tube  at  d, 
give  out  thiiir  latent  heat  to  the  surrounding  water,  and  that  part  of  the 
condenser  would  soon  get  hot,  weie  not  the  waler  constantly  changed ; 
by  the  funnel  f.a  stieam  of  cold  water  flows  fiom  the  reservoir  i  iiilo  the 
lower  puit  of  the  tube  c,  and  piesses  up  before  it  the  warm  and  lighter 
water,  until  this  is  e\pelled  by  the  tube  A,  when  it  la  colltcted  at  h 
The  supply  ol  cold  watei  should  be  so  proportioned  to  the  supplj  of  va 
pour,  ihii,  flowing  away  at  h,  it  should  not  bt  sensibly  warm  to  the 
hand  With  tins  precaution,  most  volatile  liquids  may  be  peilecily  con- 
densed even  in  the  midst  of  summer.  The  mixture  ol  acid  and  spnil  m 
the  glotx!  being  brought  to  a  tempeialure  of  about  260°  as  rapidly  aa 
possible,  it  begins  to  boil  and  the  I'ther  distilling  over,  aceompanied  by 
a  me  water  and  unalteied  alcohol,  collect'-  in  ilu  rtceivpr. 

Sincp  the  qiiiniitv  of'iulphuiic   vrI  t  >iiun\i  illv  ucie^ses  in  the  {ilobe 
a-,  thL  di  tdh  i  m  pioteeiU   iK   kIi  m     n    I  ta  ileohoi  changes 
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the  ij)ixlure  becomes  dark  coloured,  an  oily  suhslaiice  distils  over  (oil  of 
wine). and  the  quaiitily  of  eiher  formed  diminishes  rapidly.  Sulphurous 
acid  and  oJefiaiil  gases  are  then  evolved,  and  finally  rhe  mislure  becomes 
thick  and  black,  and  froths  up  very  much.  When  the  object  is  only  ihe 
preparauiMi  of  ether,  these  reactions  may  be  prevented,  and  a  mui'h  lar. 
ger  product  obtained,  by  admitting  to  the  glube,  by  means  of  the  lent 
funael,  ii  continual  but  minute  stream  of  recriiied  spirit.  The  action  oi 
the  sulphuric  acid  is  thus  exercised  upon  successive  quantities  uf  spirit, 
and  the  liboratioD  of  the  ether  continues  until  the  acid  becomes  so  weak 
as  to  be  no  longer  able  to  decompose  the  alcohol,  which  occurs  when  tho 
ilvholc  quantity  of  rectified  spirit  used  is  about  twice  the  weight  of  the  oil 
of  vitriol,  which  is  then  reduced  to  the  strength  of  S.Os+4  Aq. 

Altliough  we  may  represent  the  results  of  this  reaction  by  considering 
the  sulpliuric  acid  to  take  water  directly  from  the  alcohol,  and  set  ihe 
ether  free,  such  is  by  no  means  really  the  case;  on  the  contrary,  when 
the  alcoliol  acts  on  the  oil  of  vitriol,  the  water  of  both  is  disengaged, 
and  the  sulphuric  acid  and  ether  unite  lo  form  Sulphate  of  Ellter,  (C,Hj 
O.+Aq.)  and  S.O,-f-Aq.  giving  C^HjO.+S.Oj  and  2  Aq.  This  body, 
which  resembles  very  much  sulphate  of  ammonia  in  its  tendency  to  coin, 
binaiion,  unites  with  an  atom  of  oil  of  vitriol  to  form  Bisviphale  of  Ether, 
or,  as  it  is  generally  termed,  SulphoiniUc  Acid.  The  tivo  atoms  of  sul- 
phuric acid  thus  engaged  change  very  much  in  properties,  forming  sails 
with  baryles  and  oxide  of  lead,  which  are  very  soluble  in  water.  The 
■  two  equivalents  of  water,  which,  as  above  described,  are  set  free,  dilute 
the  remaining  sulphuric  acid  lo  such  a  degree  as  that  it  cannot  decom- 
pose more  alcohol;  hence,  if  absolute  alcohol  be  used,  3{CiH50.  +  Aq.) 
with  8(S.O»  .  H.O.)  produce  SIC.HA  .  S.Oj+H.O.  .  S.Oj)  and  3(S. 
Oj+4  A:|.).  one  fourth  of  the  sulphuric  acid  remaining  over;  if  a  weak- 
er alcohol  be  used,  the  quantity  uf  dilute  sulphuric  acid  formed  becomes 
propiiriionally  greater.  An  acid  which  already  contains  four  atoms  of 
water,  forms  no  sulphate  of  ether  when  put  in  contact  even  with  absolute 
alcohol,  except  the  temperature  be  very  high. 

The  ether  obtained  by  dtstilUng  a  mixture  of  alcohol  and  oil  of  vitriol 
results,  tlieiefore,  not  from  ihe  water  being  seized  on  by  the  oil  of  vitriol. 
but  from  the  decomposition  of  its  compound  with  sulphuric  acid,  the  sul- 
phate of  ether ;  the  ether  being  ft  base  not  much  superior  in  energy  to 
water,  is  expelled  by  it  in  turn  under  favourable  circumstances,  especially 
when  the  water  is  present  in  excess,  lu  this  respect  it  resembles,  as 
Rose  bus  remarked,  the  sesquioxides  of  iron,  antimony,  and  bismuth, 
which  form  salts  with  sulphuric  acid  that  are  totally  decomposed  by  a 
large  qiiun'iiy  of  water,  especially  if  their  solutions  be  boiled  ;  the  acid 
then  combines  with  the  water,  and  the  metallic  oxide  precipitates.  Be- 
fore deciding  on  this  view  of  the  production  of  ellier,  it  is  necessary  to 
describe  some  collateral  phenomena. 

If  absolute  alcohol  and  strong  oil  of  vitriol  be  employed  in  the  prepara- 
tion of  ether,  it  is  found  that  the  distilled  product  consists  of  ether  and 
water,  forming  two  distinct  layers  in  virtue  of  their  diffBrent  specific 
gravities,  but  in  quantity  identical  with  those  which  constitute  alcohol ; 
100  parts  of  the  mixed  liquids  consisting  of  19-5  water  and  79-5  ether, 
when  separated  from  a  quantity  of  alcohol  which  had  escaped  decompn. 
sition.  The  oil  of  vitriol  remains  in  the  retort  in  its  orijjinal  state  of 
concentration,  and  hence  might  be  applied  to  etherify  an  infinite  quaodiy 
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of  absolute  alcohol,  inlroduocd  in  a  continuous  stream.  To  esphiin  this 
very  remarkable  result,  MitsclierlJch  advanced  ihai  the  aciion  of  the 
sulphuric  acid  on  the  alcohol  is  merely  calalydc;  that  it  splits  it,  as  it 
were,  into  ether  and  water,  and  these  pieces  not  being  able  lo  reunite, 
come  over  in  vapour,  merely  mixed  with  each  other ;  this  idea  ia,  how- 
ever, quite  inadcnissible,  as  the  whi>le  quantity  of  ether  is  proved  lo  be 
united  with  the  sulphuric  acid  in  the  firat  place,  and  io  distil  over  only- 
after  the  doeompoaiiion  of  the  compouad  thiU  had  Ijeen  so  formed.  The 
observations  of  Liebig  and  Rose  have  reinoved  the  difficulty  wliich  this 
simultaneous  evolution  of  water  and  ether  presented  to  the  adoption  of 
the  theory  which  supposes  the  ether  to  be  expelled  from  its  combination 
with  the  sulphuric  acid  by  tlie  water.  In  fact,  it  ia  only  at  a  paiticular 
lemperoture  that  tiie  ether  and  water  come  over  in  atomic  proportions, 
and  this  then  results  from  the  identity  of  the  boiling  points  of  the  solution 
of  sulphovinic  acid  and  of  the  dilute  sulphuric  acid.  Thus,  when  we 
heat  together  sulphate  of  ether,  {C,HsO.  +S.O3),  and  tiie  dilute  sulphuric 
acid,  S.O3+4  Aq.,  the  former  is  decompoaed,  bihydrale  of  sulphuric 
acid,  S.Oa-i-S  Aq.,  being  formed,  and  ether  set  free ;  but  at  this  temper- 
ature the  sulphuric  acid  begina  lo  abandon  its  second  atom  of  water, 
which  then  distils  over  with  the  ether.  If  we  conduct  the  distillation 
very  slowly,  and  retain  the  temperature  below  212°,  the  ether  comes 
over,  almost  perfectly  free  from  water;  but  at  a  higher  temperature, 
the  ether,  when  liberated,  ia  immediately  converted  into  elastic  vapour, 
which  bubbles  through  the  liquid  like  a  gas,  and  the  water  evaporates  in 
the  space  thus  afforded,  as  it  should  evaporate  in  a  current  of  air  forced 
to  bubble  through  the  liquid  in  the  same  way. 

The  production  of  ether  depends,  therefore,  upon  the  facts,  that  when 
alcohol  and  oil  of  vitriol  are  mixed,  sulphate  of  ether  is  formed  and  wa- 
ter ia  set  free ;  but  on  the  application  of  heat,  this  action  is  inverted,  and 
the  ether  is  expelled  from  the  acid,  with  which  the  water  recombines.  If 
the  distillation  be  conducted  so  that  the  mixture  boils,  the  dilute  sulphuric 
acid  concentrates  itself,  at  the  same  lime,  by  giving  off  an  atom  of  water, 
which  condenses  mixed  with  the  ether,  but  had  its  origin  in  a  perfectly 
independent  action. 

If  we  heat  alcohol  in  contact  with  glacial  phosphoric  or  arsenic  acids, 
it  is  similarly  acted  on,  and  the  elher  forms  a  fhosplwmnic  or  arseniovi- 
nic  acid,  which  is  decomposed  by  boiling,  the  ether  being  set  free.  These 
acids  would  be  too  costly  to  admit  of  their  employment  in  the  prepara- 
tion of  ether  ou  the  great  scale,  and,  besides,  they  do  not  act  aa  power- 
fully as  oil  of  vitriol.  Although  this  ether  does  not  contain  any  sulphuric 
acid,  if  is  very  generally  called  Su?pkuric  Elher,  and  I  shall  often  use  that 
name,  but  the  distinction  between  it  and  the  compound  ethers  formed  by 
iJs  union  with  acids  must  be  carefully  kept  in  mind. 

The  ether  formed  by  the  process  now  described  is  rendered  impure  by 
admixture  with  alcohol  and  water,  and  sometimes  oil  of  wine  and  sul- 
phurous acid.  It  ia  freed  from. these  by  rectification,  from  a  water, 
batli,  over  some  dry  carbonate  of  potash.  It  is  then  a  colourless  liquid, 
of  an  agreeable  peijelraling  odour,  and  a  pungent  taste.  Its  sp.  gr.  is 
0-720  at  60°  ;  it  does  not  conduct  electricity ;  at  — 47°  F.  it  freezea 
into  a  crystalline  mass ;  it  boils  at  96° ;  the  sp.  gr.  of  its  vapoar  ia 
25S1-3.  In  evaporating  it  produces  great  cold,  of  which  numerous  ap. 
plications  have  been  noticed  under  the  head  of  vaporization.  {Sec.  IV., 
Chap.  III.) 
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Ether  is  very  combustible  ;  its  vapour,  diffu'^ed  through  siir  or  oxygen, 
forms  powerfully  explosive  mixtures.  Exposed  to  the  air,  it  gruJually 
absorbs  oxygen,  forming  acetic  acid.  Its  flame  is  brighter  tliaii  that  of 
alcohol,  but  it  gives  no  emoke;  it  dissolves  sulphur  and  pbospliorua  in 
small  quantity  ;  iodine  and  bromine  are  abundantly  dissulvt;J,  Imt  they 
soon  act  on  the  ether ;  most  bodies  that  are  soluble  in  alcohol  are  dis- 
solved by  ether,  except  salts,  of  which  only  very  few,  as  the  porchlorides 
of  gold,  of  ptalina,  and  of  iroa,  are  taken  up  by  it.  Ethei*  combines  with 
almost  all  acids,  forming  well-defined  neutral  salts,  the  compound  ethers, 
which  have  a  remarkable  similarity  to  the  ammoniacal  salts,  it  u.  there- 
fore, an  organic  base  ;  its  composition  is  expressed  in  the  formutu  C^HjO 
Civiiig  liie  numbers  by  weight : 

4  equivalents  of  carbon    .    .    .    24-3(i    ,    .    .    65.SI 

6        "        "      hyilrogeii     .     ,      500    .     .    ,     13-33 

I        "        ■'      oxygen    ,     .    ,      8  00    .     .     ,    21-33 

37'30  lUOOO 

and  by  vol  nine, 

4;  voljmes  of  earhon  vapour,      (313x4)=3373  0 
10         "  liydrogen  '■        (68-8x10)=  638  0 

1        "  oxjgen     "    .    .    .    ,     =1  Ida  6 

Pi-odnce  two  volumes  of  vapour  of  ether   .  5163  3 
Of  which  one  weighs,  therefore     ....  35813 

In  chemistry  and  pharmacy  ether  is  of  importance  as  a  vehicle  for  the 
solution  of  many  resinous  and  other  bodies,  and  from  its  action  on  the 
animal  economy.  By  the  action  of  reagents  it  yields  a  great  number 
of  derived  compounds,  of  which  the  most  important  will  be  described  in 
their  proper  place. 

The  question  of  the  intimate  constitution  of  etlier  lias  been  very  much 
discussed,  and  opinions  have  followed  precisely  the  same  cour.^e,  with 
regard  to  the  theory  of  its  compounds,  as  for  that  of  the  combinations 
of  ammonia;  thus  it  has  been  looked  upon  as  an  oxide  of  a  compound 
(metallic  1)  radical,  Ethereum  or  Elhyle,  as  the  salts  of  ammonia  were  sup- 
posed to  contain  a  compound  metal,  Ammaniuin.  The  formula  of  ethyle 
should  be  C4H,,  and  its  symbol  Ae.  On  the  olher  band,  it  may  be  con- 
sidered to  consist  of  defiant  gas,  CjHj,  united  to  water,  and  the  latter 
then  lakes  the  place  of  the  ammoniacal  gas  in  the  theory  of  ammonia. 
I  shall  frequently  employ  for  ether  the  symbol  Ae.O.,  and  speak  of  it  and 
other  bodies  as  compounds  of  ethyle,  as  oxide,  chloride,  &c.,  but  without 
any  other  present  object  than  convenience  of  language,  for  it  would  be 
impossible  to  discuss  the  comparative  merits  of  these  theories,  without 
knowing  the  properties  of  the  compound  ethers,  of  olefiant  gas,  of  aU 
dehyd,  acetic  acid,  and  many  other  bodies,  which  are  involved  in  the  re- 
actions by  which  we  may  endeavour  to  test  their  value,  and  hence  I  shall 
postpone  all  details  of  the  principles  of  the  ether- theories  until  the  end  of 
the  present  chapter. 

Compounds  of  Etiier  wWi  Sulphuric  Acid. 
Salph(mnk  Add.  Bisutjihate  o/Elker,  CHjO. .  S.Oo+H.O. .  S.O3,  is  produced  by 
mixing  alcohol  with  oil  of  vitriol,  as  described  for  tlie  preparation  of  etiier,  or  by 
passing  vapour  of  etiier  into  oil  of  vitriol  as  long  as  it  is  absorbed.  By  heat  this 
Bolution  is  decomposed.  The  sulphovinic  acid  cannot  be  obtained  in  a  solid  form" 
if  a  solution  of  Buiphovinate  of  lead  be  decomposed  by  sulpliureE  of  hydrogen,  a  col- 
Zzz 
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onrless  and  very  aeid  liquor  is  obtained,  which,  when  concentrated,  evolves  ether, 
blacliens,  and  is  totally  decomposed.  Its  salts  are  ail  soluble,  and  gonerall;  deli- 
.  qaescent ;  when  biiiled  with  murialio  acid,  aleohot  is  evolved,  and  sulphuric  aoid 
Eet  free.  By  a  high  temperature  tliey  are  decomposed,  oil  of  wine,  ether,  olefiant 
gas,  and  sniphuruus  acid  being  given  olf,  while  a  metallic  sulphate  or  sulphuret  re- 
mains  behind,  mixed  with  some  charcoal.  By  distilling  a  sulphovinate  with  a  pot- 
ash sail  of  any  volatile  acid,  a  com[)Ound  of  ether  with  that  acid  distils  over,  and 
sulphate  of  potash  remains.  By  fusing  a  sulphjivinace  with  a  caustic  alkali,  water 
and  oleiiant  gas  are  expelled,  and  all  the  sulphuric  acid  remains  combined  with  the 

Sulphovinate  of  Potash,  Ae  0. .  S.Oj-f-K.O. .  S.0„  Crystallizes  in  colnurless  rhom- 
boidal  ijlates,  which  are  anhydrous ;  it  is  very  soluble  in  water,  but  sparingly  solu- 
ble in  alcohol.  Salplumnate  of  Barytes,  Ae.O. .  S.O,+Ba.O. .  S.0,-1-3  Aq  ,  crystal- 
lizes in  oblique  rhoinboidal  prisms  unalterable  in  the  air ;  it  tastes  strongly  acid , 
in  vacuo  it  abandons  its  water,  and  is  then  not  altered  by  a  heat  of  SIS",  but  if  the 
hydrated  salt  be  heated  to  818°,  alcohol  is  given  offiand  sulphuric  acid  set  free. 
Sulphuninate  of  Lime  crystallizes  in  thin  he.'cagoiial  plates,  which  are  very  deliques- 
cent ;  it  is  soluble  in  less  than  its  own  weight  of  cold  water.  Salphcmmate  aj  Lead 
forms  large  rhombic  crystals,  deliquescent ;  very  soluble  in  water  and  in  alcohol ; 
it  is  gradually  decomposed  at  ordinary  temperatures.  Salphonmalc  of  Capper, 
Ae.O. .  S.Oj-l-Cu.O. .  S.0a-|-4  Aq.,  forms  large  hhie  octagonal  plates,  permanent 
in  the  aif,  and  very  soluble  in  alcohol  and  water ;  heated  to  212°  it  is  totally  de- 
composed. 

EiMoTiic  and  Iselkimic  Adds. — These  substances  are  formed  by  acting  on  aico 
liol  or  ether  with  the  vapours  of  anhydrous  sulphuric  acid  ;  the  liquor,  neutralised 
by  barytes,  gives  the  insoluble  sulphate  and  the  soluble  ethionate  of  barytes,  which 
last  separates  from  the  concentrated  liquor  as  a  crystalline  precipitate  on  the  addi- 
tion of  alcohol.  A  solution  of  this  salt,  when  decomposed  by  siilphunc  acid,  gives 
TixeEi&ianic  .ilctij,  which,  by  boiling,  is  decumposed  into  sulphovinic  acid  and  isethi- 
onie  acid,  of  which,  indeed,  Liehig  considers  it  to  be.  In  reality,  only  a  misture. 
The  iscthionic  aoid  is  formed  more  characteristically  by  the  direct  union  of  anhy- 
drous sulphuric  acid  and  oleOant  gas,  and  will  be  described  as  a  compound  of  that 
body. 

AiUdonic  a-nd  MetMordc  Acida. — When  the  mixture  of  alcohol  and  oil  of  vitriol, 
for  making  ether,  has  been  distilled  so  far  as  that  it  has  become  black  and  begun  to 
froth,  it  produces,  when  neutralized  with  bases,  a  series  of  salts,  which,  though 
having  the  same  per  cent,  composition  as  the  sulphovinates,  differ  very  much  from 
them  in  properties ;  thus  the  Allhimate  of  Lime  does  not  crystallize ;  the  AUhipnaU 
of  Barytes  crystallizes  in  line  needles,  in  place  of  the  large  plates  of  the  sulphovi- 
nate ;  the  Althionate  of  Copper  is  still  more  diatinet,  as  its  crystals  are  thin,  acute 
diombs.  of  a  pale  green  colour. 

If  t!ie  ether,  into  which  the  vapours  of  sulphuric  acid  are  passed,  be  allowed  to 
grow  hot,  it  hecomes  black,  sulphurous  acid  is  evolved,  and  an  acid  ia  formed  dif- 
ferent from  any  of  the  preceding ;  it  is  called  the  Muhiofic  Acid,  and  is  cliaracler- 
izeU  by  its  barytes  salt  being  totally  ins^dulile  in  alcohol,  and  but  sparingiy  soluble 
ki  water.  When  its  salts  are  fused  with  caustic  potash,  merely  sulphite  of  potash 
remains;  the  formula  of  the  acid  contained  in  the  barytes  salt  is  CiH,  ,  SiO,.  It 
evidently  does  not  contain  any  simple  combination  of  alcohol  or  ether. 

Hcamj  Oil  of  Wine.  Sulphate  of  Ether  and  Elherol.—CalitO.-^^S.Q,,  or  Ae.O. . 
S.Oa+CHi .  S.O,.  "Whsa  one  part  of  reetided  spirit  is  distiJled  with  two  and  a 
half  parts  of  oil  of  vitriol,  a  little  ^ber  passes  over,  followed  by  an  oily  yellow  liquid 
and  water,  wiih  much  sulphurous  acid.  The  oil  is  to  be  washed  with  a  little  water, 
and  then  dried  in  vacuo  under  a  bell-glass,  beside  two  cups,  one  of  oil  of  vitriol  and 
the  other  of  caustic  potash  ;  the  first  absorbs  the  water  and  ether,  and  ^)le  last  the 
EUiphuroas  acid.  This  substance  is  then  a  thin  oil,  sometimes  green  and  sometimes 
yellow ;  its  odour  aromatic  and  pungent ;  its  specific  gravity  1-133 ;  when  heated 
it  begins  to  boil,  but  is  rapidly  decomposed,  blackening  and  evolving  sulphurous 
acid,  and  but  little  distilling  over.  It  is  scarcely  soluble  in  water,  but  abundanlly 
so  in  alcohol  and  ether.  When  boiled  with  water,  or  with  an  alkaline  solution, 
Sulphovinie  acid  is  formed,  and  Etheral  (Ji^hl  oU  of  wine)  set  free,  which  floats  upon 
the  surface. 

The  composition  of  this  body  is  not  absolutely  constant.  I  consider  it  to  be  a 
miKture,  in  variable  proportinns,  of  tnie  Sii;;)AaieD/'aA(T,  Ae.O.  .S.O3,  with  Sulphate 
sfEiAeed,  GtH,  .  S.Oj.    I  have  found  that  when  distilled  with  oxalate  or  aceiata 
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Aoollior  procESS  for  obtaining  £hi3  heary  oil  of  wine  consists  in  mixing  dry  sul . 
phovinate  of  lime  with  its  own  weight  afqulciiiime,  and  distilling  at  a  heat  not  ex- 
ceeding 530°.  The  oil  whicii  comes  over  mixed  with  alcohol  is  to  be  purified  as 
already  noCicod. 

Elkirol  and  Elherine. — Cjtti.  Tlie  oil  which  19  separated  from  the  foregoing 
substance  by  hat  water  or  by  alkalies,  divides  itself  generally,  aller  some  time,  into 
a  liquid  and  a  solid  portion  ;  the  first  constitutes  the  /ighc  oU  o/wine.  Eeherol.  It  is 
pale  yellow,  and  thick,  like  olive  oil ;  Its  odour  is  aromatic ;  its  specific  gravity 
=0  931;  it  boils  at  SOO" ;  at  —35°  it  freezes.  The  Ethcrinc  forms  hard,  brittle,  col- 
ourless  prisms ;  it  is  tasteless ;  its  specilic  gravity  O'SSO  ;  it  melts  at  230°,  and 
boils  at  464"  ;  it  Is  soluble  in  alcohol  and  etiier.  The  composition  of  both  these 
bodies  is  the  same,  consisting  of  equal  numbers  of  atoms  of  carlion  and  hydrogeo, 
but  their  atomic  weiglits  are  not  known.  It  is  very  probable  that  the  etherot  is  re- 
ally a  mistureof  two  othar  bodies;  for  when  asaiurated  solution  of  chloride  ofzino 
in  alcohol  is  distilled,  an  oil;  liquor  is  obtained,  which,  by  rectification,  may  be  sep- 
arated into  two  fluids,  of  which  one,  boiling  at  3ia°,  has  the  formula  CaH;,  and  the 
other,  which  boils  only  at  670°,  has  tha  formula  CsHg.  A  mixture  of  equal  quanti- 
ties <if  the  two  shculd  have  the  composition  assigned  to  etberol, 

Liebig  and  Ilegnault  have  found  the  etberol  obtained  by  alcohol  and  sulphurio 
arid  to  have  the  formula  C,H„  so  that  it  must  he  looked  upon  as  an  irregular  mix- 
ture of  several  oils,  which  have  not  yet  been  obtained  pure.  The  eiherol,  otElke- 
rod  0(1,  is  employed  to  prepare  Hnffman's  Aiwdyae  JJqaiir,  being  dissolved  io  a  mix- 
ture of  one  part  of  ether  and  two  of  spirit  of  wine. 

Compounds  of  Eiher  with  Uic.  Phosphoric  and  Arsenic  Acids. 

thospkoDinic  Acid.  —  Ae.O. .  P.Oi-|-3H.O.  When  concentrated  tribasic  phos- 
phoric acid  is  dissolved  in  alcohol,  great  heat  is  evolved,  and  one  atum  of  water  re> 
placed  by  an  atom  of  ether.  The  acid  salt  thus  formed  may  be  obtained  crystal- 
ii^ed,  but  when  its  solution  is  heated  strongly  it  is  decumposed.  It  combines  with 
two  atoms  of  base  to  form  the  Pkaipkamnaies,  of  which  few  are  as  yet  well  known. 
The  barytes  salt,  P.Oi+Ae.O, .  3Ba.0.+lS  Aq.,  cr>-sta[lizes  in  brilliant  coioarlesa 
plat«B,  and  is  remarkable  for  being  equally  soluble  In  water  at  32°  and  212°,  buj; 
three  times  niore  soluble  in  water  at  104°. 

Artcsionnie  Acid,  AB.0i~\-Ae.O.-{-ZU.O.,  is  formed  with  arsenic  acid  and  alcohol, 
like  the  body  last  described.    Its  salts  have  been  but  very  slightly  examined. 

Compounds  of  Ether  roith  the  other  Mineral  Acids. 

Muriatic  Ether.  Chloride  of  EOiijk,  CJIjCL.  is  pr.^pared  by  distilling 
a  mixture  of  liiree  parts  of  oil  of  vii.iol,  lour  of  fused  common  salt,  and 
two  of  absolute  alcoliol.  The  retort  should  be  connected  with  two  two- 
necked  bottles,  of  whidi  ihs  first  should  he  immtirstid  in  a  vessel  of  water 
si  60°,  and  the  second  be  surrounded  by  ice,  or  a  freezing  mixlure. 
Some  aicoliol  and  common  ether,  which  piiss  over,  are  condensed  in  the 
first  bottle,  while  the  muriatic  ether  is  reduced  lo  the  liquid  stale  only 
in  the  second.  By  digestion  with  some  chloride  of  calcium  it  is  rendered 
quite  pure. 

It  is  a  colourless  liquid,  of  a  pungent  garlic  odoui- ;  its  specific  gravity 
=0'874;  it  boils  at  53°;  is  neutral;  sparingly  soluble  in  water;  it 
burns  with  a  bright  flame,  green  at  the  edges,  and  gives  off  muriatic  acid 
gas.  By  passing  through  a  red-hot  tube,  it  affords  equal  volumes  of 
defiant  and  muriatic  acid  gases,  or  by  healing  with  potash,  it  gives  ole. 
fiant  j;a9  and  chloride  of  potassium.  Heated  with  alk.iline  salts,  it  yields 
compound  ethers  and  alkaline  chlorides.  VVhun  muriatic  ether  is  heated 
with  potassium,  Lowig  states  that  chloride  uf  potassium  is  formed  and  a 
light  oily  substance  separates,  which  has  the  formula  CjHi.  It  should  be 
Elhyle,  but  so  important  an  observation  has  need  of  verification.     Thin 
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budy  13  ofien  called  light  Muriatic  Ether,  lo  distinguish  it  from  heavy 
Muriatic  Ellmr,  wliich  results  frinn  llie  nctioii  of  ciilurine  on  weak  alco. 
hoi. 

Hydrobromic  Elher.  Bronude  of  Ethyle,  CjHsBr.,  is  obtuined  by  dia. 
tilling  logether  two  parts  of  bromine,  one  of  phosjjhoms,  and  six  of  alco- 
hol. There  ia  first  formed  bromide  of  iihusphorua,  wliich  instantly  de- 
composes the  water  of  the  alcohol,  and  the  nascent  hydrobromic  acid 
acting  on  the  ether  forma  the  hydrobromic  ether.'  In  properties  it  per- 
fectly resembles  the  following  body  : 

Eydriodic  Ether.  Iodide  of  Ethyle,  CJIsI.,  it 
iodine,  alcohol,  and  phosphorus.  It  is  a  colourless 
ethereal  smell ;  its-specifiu  gravity  =l'9:i  ;  it  boils  at  161°  ;  it  is  abun- 
dantly soluble  in  alcohol.  Healed  with  potash,  it  gives  pure  olefianl  gas 
and  iodide  of  potassium.  The  theory  of  its  formation  is  the  same  as  in 
the  fonnar  case. 

Hydrosufphuric  Elher.  SuIphUrei  of  Ethyle,  C,HsS.,  may  be  foj'med 
by  acting  on  muriatic  ether  with  an  u^coholl(^  solution  of  sulphuret  of 
.potassium.  It  boils  at  187°;  it  combines  with  sulphuret  of  hydrogen  to 
form  the  Ibllowing  very  remarkable  substance  : 

Sulphur-akohol,  or  Mercaptaa,  GjHaSj.  oi'  Ae.S.  +  H.S„  which  is  obtain, 
ed  directly  by  distilling  in  a  water-bath  concentrated  solulibns  of  sulpho- 
vinate  of  lime  and  of  potash  saturated  with  sulphuret  of  hydrogen,  K.S.+ 
H.S.  and  Ae.O. .  S  0,+  K.O.  .  S.O,  producing  2K.0. .  S.Oa  and  Ae.S. 
-f  H.S. ;  the  mercapian  distils  over,  and  sulphate  of  potash  remains  in 
the  retort ;  it  is  a  colourless,  thin  liquid,  of  au  inwupporlable  amcil  of 
onions;  it  boils  at  96°  ;  its  specific  griivity  is  0'ii4  ;  it  dissolves  in  al- 
cohol;  is  perfectly  neutral  i  burns  with  a  bright  blue  flame;  and  by  cold, 
freezes  into  a  crystalline  mass.  In  conslitution,  it  ia  perfectly  analogous 
to  alcohol,  the  oxygen  being  replaced  by  sulphur.  When  placed  in  con- 
tact with  metallic  oxides,  water  is  formed,  and  a  double  sulphuret  of  ethyle 
and  the  metal  produced.  This  occurs  remarkably  with  oxide  of  mercury, 
whence  the  barbarous  name  given  to  this  body  by  Zeize,  from  Mercurium 
Captans,  and  to  its  compounds  of  Mercapiides,  That  of  mercury  is  a 
crystalline  solid,  fusible  at  llC,  and  soluble  in  alcohol. 

The  properties  of  this  body  induced  its  discoverer,  Zeize,  lo  look  upon 
it  as  a  compound  of  hydrogen  with  a  compound  radical,  which,  he  called 
Mercapium,  which  should  be  really  the  following  compound.  Its  formula 
then  became  C,H(Sj-|-H.  He  extended  this  view  also  to  common  alco- 
hol, which  he  considers  as  CjHjOa+H. ;  but  his  theory  has  met  with 
very  few  supporters. 

TMalSl.  Bisulphuret  of  Ethyle,  Ae.Sj,  is  formed  by  distilling  a  mix. 
ture  of  sulphovinate  of  lime  and  persulphuret  of  potassium.  It  is  a  lim. 
pid,  oily  fluid,  with  a  strong  garlic  smell ;  it  boils  at  124°.  Its  solution 
in  alcohol  precipitates  the  salts  of  lead  and  mercury.  By  the  action  of 
nitric  acid  on  these  sulphurets  of  ethyle,  acids  are  produced  analogous  to 
the  sulphovinic,  but  which  are  not,  as  yet,  accurately  known. 

The  Sekniuret  and  Telluretof  Eihyh  have  been  formed,  but  do  not  re- 
quire description, 

,  Nitrous  Ether.  Hypomtrite  of  Ethyle. ~~k&.0.  .  N.O3.  When  alco- 
hol and  nitric  acid  are  directly  mixed,  the  action  is  very  violent ;  heat 
is  evolved,  ted  fumes  are  copiously  given  off",  and  acetic,  oxalic,  and  car- 
bonic acids  formed.     Even  when  the  acid  is  dilute,  its  action  is  very 
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complox ;  giving  up  two  atoms  of  oxygen  to  one  portion  of  ihe  alcohol, 
it  produces  aldeliyd,  and  acetic  and  oxalic  acids,  auii  it  is  only  tlie  liypo- 
nitrous  acid  thus  produced  tliat  acts  on  the  remaining  alcohol,  and,  com. 
bining  witli  tlio  ether  of  it,  forma  the  proper  nitrous  ether.  To  avoid 
those  oxidized  products,  the  beat  plan  is  to  generate  red  fumes  of  hypo- 
nitrous  acid,  by  acting  on  stui'ch  by  nitric  acid  in  a  retort,  and  to  conduct 
these  fumes  by  a  bent  tube  to  the  bottom  of  a  two-necked  bottle  contain- 
ing alcohol.  They  are  copiously  absorbed,  and  combine  directly  with 
the  ether.  From  the  second  neck  of  the  bottle  a  tube  should  pass  to  a 
condensing  apparatus  a.nd  receiver  ;  enough  of  heat  is  evolved  by  the  ab- 
sorption of  the. red  fumes  to  distil  over  the  nitrous  ether  formed,  which 
may  be  thus  obtained  quite  pure. 

Another  process,  which  may  now  be  considered  as  obsolete,  consisted 
in  distilling  a  mixture  of  oil.  of  vitriol,  nitrate  of  potasb,  and  rectified 
spirit,  by  the  heat  of  a  water-bath,  into  a  receiver  cooled  by  snow.  The 
nitric  f-.cid  acted  very  violently  on  the  alcohol,  and  the  product  was  im- 
pure, and  small  inquantity. 

Nitrous  ether  is  a  liquid,  colourless  or  pale  yellow,  of  a  pungent  odour 
of  apples  ;  it  usually  reacts  acid  from  slight  decomposition,  but  is  neutral 
if  quite  pure;  its  speciSc  gravity  is  0'947  ;  it  boils  at  61"  Fuh.  Exposed 
to  the  iur,  it  absorbs  oxygen  rapidly,  and  forms aldehyd,  acetic  and  formic 
acids  ;  at  the  same  time,  rlitric  oxide  is  given  off.  By  contact  with  any 
strong  base,  it  is  decomposed,  alcohol  being  set  free,  and  a  hyponitrite 
formed.  A  solution  of  this  nitrous  ether  in  spirit  (spiritas  nilri  dulcis) 
is  employed  in  pharmacy.  It  is  prepared  by  distilling  a  mixture  of  one 
part  of  nitric  acid  and  ten  of  reofiiied  spirit,  collecting  the  first  seven 
.parts  which  come  over,  and  digesting  them  on  a  little  dry  carbonate  of 
potash,  to  remove  any  traces  of  free  acid.  Its  specific  gravity  should  be 
0'850,  It  may  be  prepared  directly  by  dissolving  one  part  of  real  nitrous 
ether  in  eight  parts  of  spirits  of  wine. 

Cyanogen  Compounds  of  Elher. 

Hydroa/amc  EtJier.  Cyamde  of  Ethyle,  Ae.Cy.,  is  prepared  by  distil- 
ling a  mixiuro  of  sulphovinate  of  potash  and  cyanide  of  potassium  at  a 
moderate  beat.  It  is  a  colourless  liquid,  of  a  strong  garlic  odour ;  it 
boils  at  179°,  and  is  lighter  than  water  ;  it  is  very  poisonotjs. 

Cyanurk  Ether,  SAe.O.+SCvjOa+G  Aq,,is  formed  when  the  vapours  of  hydraled 
cyanic  acid  are  passed  into  elher,  as  long  as  they  are  absorbed.  After  some  tim^ 
the  new  compound  separates  in  crystals,  which  are  colourless  prisms,  destituie  of 
taste  and  smeil,  soluble  ia  water,  and  but  sparingly  soluble  in  etlier. 

Hydrosulfkociiasdc  Ether  appears  to  be  formed  by  disiilSing  sulphocyanide  of  potas. 
sium  with  sulphovinate  of  potash.     It  is  a  liquid  liearier  than  water. 

Compounds  of  Ether  teitk  the  Adds  of  Carbon. 

Carbanir:  Elher.  CarbonaU  nf  J2%Ie.— Ae.O.  .C.Oj.  This  ether  can  only  tie  pro- 
duced by  an  indirect  process,  tne  theory  of  which  is  not  well  understood.  Metallic 
potassium  or  sodium  is  added,  in  small  pieces,  to  oxalic  ethar,  as  long  as  a  cUsen.- 
gagement  of  carbonic  oxide  gas  occurs ;  a  thick  browii  mass  is  formed,  which  is  to 
be  distilled,  the  excess  of  metal  being  first  destroyed  by  the  addition  of  water;  (he 
carbolic  acid  distils  over.  It  is  a  colourless  liquid,  of  an  aromatic  smell,  lighter 
than  water.  It  boils  at  3(i0° ;  it  is  insoluble  in  water,  but  dissolved  in  alcohol;  its 
alcoholic  solution  is  decomposed  by  potash,  alcohol  and  carbonate  of  potash  being 
fbrmed. 

CarboTuiie  of  Elker  and  Water.  Carbomnie  dciA— Aa.O. ,  O.Oj+H.O. .  COj.  At 
one  time  it  was  considered  that  anhydrous  sifear  was  actually  bicarbonate  of  ether, 
C;gHiOs=CJIsO.-i-SC.02,  and  that  the  alcoholic  fermemaiioa  consisted  in  the  sep- 
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Hration  of  these  bodies,  tlie  nascent  ether  combining  with  water  lo  form  alcohol; 
but  that  idea  is  now  inailmissihle.  The  true  carboviiiic  acid  is  prepared  by  dissolv- 
ing caustic  potash  in  absolute  alcohol,  and  passing  dry  aarbonie  acid  gas  through 
the  liquor  as  long  as  It  is  absorbed.  A  crystalline  mas^  is  formed  of  carbonate  and 
Cwhovmsie  of  Putash,  which  last  is  dissolved  uni  by  eold  alcohol;  and  this  solnlion, 
being  mised  with  ether,  deposites  the  salt,  whose  lormula  is  Ae.O. .  C.Oi4-K.O. .  C. 

"    ■  '      '  ■        -'  *  '         ■       .■•-•.• .-      jg^^gj,  jjjjQ  alcohol  and 

n  isolated  fomi. 


Oj,  in  pearly  plates,  which  are  immediately  decomposed  by  w 
bicarbonate  ot  potash.    The  oarbovinic  acid  is  not  6nowa  m  a 


in  elher  come  over,  bat  thfen  a  heavy  fluid,  which  sinks  to  the  bottom  ol 

tile  receiyer.  The  portions  last  distilled  are  richest  in  product.  It  is  rectilied  by 
another  distillation  from  off  a  little  lithsi^e.  It  is  a  colourless  oily  liquid,  denser 
than  water,  of  a  heavy  but  aromatic  smell ;  it  boils  at  370°.  In  contact  with  water 
or  bases,  it  is  gradually  decomposed  inlo  alcohol  and  osalic  acid.  Thesp.gr.  of  its 
vapour  is  5077. 

Oxaiomnii:  Add. — Ae.O. .  CiOa+H.O. .  CaOa.  This  acid  is  not  known  except  in 
combination.  It  is  produced  by  adding-  to  a  solulion  of  oxalic  ether  in  alcohol  half 
as  much  potash  as  would  suffice  lo  decompose  it.  The  O.xaloiyiaate  of  PolasA  sep- 
arates as  a  crystalline  powder,  being  insoluble  in  alcohol.  By  an  excess  of  base  it 
is  decomposed  into  alcohol  and  an  oxalate.    Its  other  salts  do  not  require  special 

Ocflraettaii.— Ae-O.-CaOs-fCaOaAd.  When  oxalic  ether  is  acted  on  by  water 
of  ammonia,  it  is  totally  decomposed,  alcohol  ajidoxamide  being  Ibrmed,  as  already 
noticed.  If  a  solution  of  ammonia  in  alcohol  be  used,  but  one  hsif  of  the  oxalic 
ether  is  decomposed,  and  the  oxamide  produced  unites  with  the  other  half^  forming 
a  substance  soluble  in  alcohol  and  water,  and  crvstalliztDg  in  brilliant  prisms  and 
plates.  It  melts  at  312°,  and  sublimes  unchanged  at  430-'.  Its  solution  m  cold  wa- 
ter does  not  precipitate  lime-water,  but  if  it  be  boiled  alcohol  is  expelled,  and  the 
solution  contains  binoxalate  of  ammonia.  By  water  of  ammonia  it  is  totally  chan- 
ged into  oxamide. 

Chlm<Koyairiimk  Ethtr. — Ae.O. .  C.Oi+C.O.CI.  This  substance  is  formed  by  the 
action  of  chlorocarbonic  acid  g:as  on  absolute  alcohol.  It  is  a  colourless  liquid, 
perfectly  neutral,  heavier  than  water,  and  boiling  at  301" ;  sparingly  soluble  in  wa- 
ter. It  consists,  or,  at  least,  contahis  the  elements,  of  an  atom  of  carbonic  ether  and 
an  atom  of  phosgene  gas.  When  put  In  contact  with  water  of  ammonia,  It  is  dis- 
solved violently,  and  heat  evolved,  sal  ammoniac  and  a  peculiar  substance  termed 
Uretkan  being  formed.  The  liquor  is  to  be  dried  down,  and  the  residue  distilied  in  a 
dry  retort  with  an  oil-bath.  The  areihan  passes  over,  and  solidifies  in  the  receiver 
to  a  crystalline  mass  resembling  spermaceti.  In  it  the  chlorine  of  the  preceding 
substance  Is  replaced  by  amidogene,  its  formula  being  Ae.O..C.Oa+C.O.Ad,;  il 
consists  thus  ofcarbonic  ether  and  carbamide  In  the  proportion  of  one  atom  of  each. 

Sniphocai-bmat:  Eti^.  HydToaamthie  Add,  Ae.O..C.Sa-fH.O..C.Si,  is  prepared 
\n  decomposing  the  xanlhate  oi' potash  by  dilute  sulphuric  acid.  A  millty  liquor  is 
obtained,  irom  which,  after  some  lime,  a  heavy  oil  separates ;  il  is  to  be  rapidly 
washed  with  water,and  dried  by  chloride  of  calcium.  It  is  then  pale  yellow,  sBght- 
ly  acid,  inflammable,  and  bums  with  a  blue  sulphurous  flame;  il  is  decomposed  by 
warm  water  inlo  alcohol  and  sulphdret  of  carbon;  it  decomposes  the  alkaJine  car- 
bonates, expelling  the  carbonic  acid.  Of  its  salts,  that  of  potash  is  obtained  direct- 
ly, and  from  it  the  others.  Xanthcde  ofPolaih,  Ae.O. .  C.SH-K.O. .  C.Sa,  is  formed 
by  adding  sulphuret  of  carbon  to  a  watm  solution  of  caustic  potash  in  alcohol.  On 
cooling  the  liquor,  it  deposites  Ihe  salts  in  crystals,  which  are  to  be  collected  on  a  Al- 
tec, washed  With  elher,  and  dried  between  folds  of  bibulous  paper.  The  salts  of 
lead,  copper,  &c,,  may  be  prepared  by  double  decomposition ;  they  are  all  yellow, 
whence  ine  ordinary  name  of  the  add. 

Jfiicate  of  Elier  i^  soiid  and  crystalline.  It  is  formed  bydissolving.mucicacid  in 
Ctl  of  vitriol,  and  gradually  adding  an  equal  weight  of  alcohol.  The  liquor  yields, 
after  some  time,  the  muclc  elher  in  crystals,  which  are  to  be  dried  on  a  porous  stone, 
and  lecrystallized  from  alcohol. 

The  remaining  compounds  of  ether  with  acids  will  be  described  along  with  the 
other  salts  of  Uiose  acids. 


Of  Olejiant  Gas  and  its  C 
This  gas  has  beon  frequently  mentioned  asoneof  the  products  of  the  ac- 
tion of  sulphuric  acid  on  alcohol.    The  usual  process  to  obtain  it  consists 
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in  liealing  one  pari  of  alcohol 
whicK  a  tube  passes  U 
niiiss  becomes  darlt ; 
ethef,  water,  and  oil 
of  wine  collect  in  ihe 
interposed  globe,  a, 
nnd  u.lefiant  gas  is  co- 
piously evolved,  mix- 
ed with  an  equal  vol- 
ume of  sulphtiroua 
acid,  whicb,  however, 
being  absorbed  by  the 
water,  the  otlier  gas 

wards  the  end  of  the 
process  tbo  materials 
in  the  flask  swell  up  very  mucn 
tended  to.     The  theory  of  this  i 
the  alcohol  losing  an  atoni  of  w 
by  the  influence  of  the  cseess  i 
ments  of  another  equivalent  of 
giving  C.H^  and  H.O.     '    ' 
fiant  gas,  without,  at  I 
us  elherol,  suipliurons 


nd  might  boil  over  if  not  carefully  at- 
on  appears,  at  first  sight,  very  simple; 
r,  is  first  converted  into  ether,  which, 
iulphuric  acid,  is  deprived  of  the  e!e. 
iter,  and  olefianC  gas  I'emains,  C^HjO, 
e  cannot  by  this  process  generate  the  ole- 
ihe  same  time,  more  complex  products  appearing, 
acid,  and  the  black  matter'which  remains  in  the 
ich  had  been  considered  formerly  as  charcoal,  ap. 
pears  to  consist  of  CpHjO^+S-Oj;  it  combines  with  bases,  and  is  termed 
the  Thiomelanic  Acicl ;  it  evidently  results  from  the  sulphuric  acid,  giving 
up  oxygen  to  the  hydrogen  of  a  portion  of  the  alcohol. 

Olefiant  gas  is  generated  on  the  large  scale  by  the  decomposition  of 
coal,  pitch,  oil,  iSic,  at  a  red  heat,  and  is  employed  for  the  purpose  of  il- 
lumination, being  the  most  valuable  constituent  of  the  gas  which  is  burn- 
ed in  our  streets  and  shops.     To  this  source  of  it  I  shall  have  occasion 


e  may  o 


a  tliis  gas,  however,  by  much  more  definite  and  simple 
<,  if  vapour  of  muriatic  ether  be  passed  through  a  red- 
hot  porcelain  tube,  it  is  resolved  into  equal  volumes  of  olefiant  and  muri- 
atic acid  gases;  also,  if  muriatic  ether  be  heated  with  ammoniacal  gas, 
sal  ammoniac  is  formed,  and  olefiant  gas  evolved ;  the  same  decomposi- 
tion ia  caused  by  caustic  potash.  If  vapour  of  alcohol  be  passed  into  oil 
of  vitriol  so  far  diluted  as  to  boil  at  320°,  and  heated  to  that  degree,  it  ia 
totally  resolved  into  water  and  olefiant  gas.  In  a  theoretical  point  of 
view,  these  sources  of  olefiant  gas  are  peculiarly  of  interest. 

Olefiant  gas,  when  pure,  is  colourless  ;  its  odour  is  very  slightly  ethe. 
real ;  it  is  sparingly  absorbed  by  water;  it  burns  with  a  brilliant  white 
flame,  producing  much  smoke.  When  mixed  with  twice  its  volume  of 
chlorine,  and  set  on  fire  in  a  tail  narrow  jar,  a  brilliant  fiame  descends 
rapidly,  muriatic  acid  being  formed,  and  charcoal,  smelling  strongly  of 
napthaline,  separating  in  dense  flocculi.  Its  specific  gravity  is  08O'6,  as 
one  volume  of  tl  contains  a  volume  of  carbon  vapour  and  two  volumes  of 
hydrogen  (843-«+137-e=980-6).  It  consists  of  an  equal  number  of 
equivalents  of  hydrogen  and  carbon,  but  chemists  are  not  unanimous  as 
to  its  real  atomic  weight.     Berzelius,  who  loolts  upon  it  as  an  organic 
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radical,  and  the  basis  of  a 
&o.,  has  proposed  for  it  the  i 
Olefiant  Gas  being  very 
pounds,  term  Lt,:fbr  the  p 
theory,  which  considi 


s  of  compounds  with  oxygen,  chlorinti, 
Elayl,  and  the  formula  CsHi,  The  name 
'  ■  ■■  ■  _  ■  ■  ig  of  its  com- 
Elherene.  The  principal  support  of  the 
lo  be  the  radical  of  the  ethers  and  of  al- 


cohol, is  derived  from  tiie  great  simplicity  of  their  constitution  by  volume, 
in  the  state  of  vapour,  on  that  view.  Thus,  two  volumes  of  olefianj  gas 
combine  withtwoof  vapour  of  water  to  form  alcohol ;  with  one  of  vapour 
of  water  to  form  ether  ;  with  two  of  muriatic  or  hydriodic  acid  gases  to 
form  the  hydriodic  or  muriatic  ethers,  and  so  in  similar  simple  propor- 
tions of  volume  in  other  cases.  But  this  evidence  is  very  insecure,  as 
we  might  show  nearly  as  simple  gaseous  relations  upon  other  and  very 
improbable  points  of  view.  Its  combinations  are  generally  formed  indi. 
rectly,  as  from  alcohol  or  ether,  but  it  combines  immediately  with  iodine, 
chlorine,  and  sulphuric  acid. 

Anhydrous  sulphuric  acid  absorbs  elherene  in  large  quantity,  form, 
ing  white  crystals,  which,  when  dissolved  in  water,  constitute  Iselhiomc 
Acid,  identical  in  every  respect  with  that  formed  as  described  p.  546. 
When  dry,  its  composition  is  SgOt+C,E-J4;  but  when  in  contact  with 
waler,  it  combines  with  two  atoms  thereof,  and  becomes  isomeric  with 
eulphovinic  acid.  That  it  ditiei's  from  it  essentially  in  constitution  is 
shown  by  its  salts  giving  a  mixture  of  sulphate  and  sulphiie  when  fused 
with  potash  j  the  sulphurous  element  is  therefore  as  hyposulphuric,  and 
not  sulphuric  acid,  and  its  rational  formula  is  SaOj+CjHjO.  This  ise- 
thionic  acid  is  much  more  energetic  than  the  sulphoviiiic  ;  it  decomposes 
all  salts  of  organic  acids  ;  its  own  salts  are  all  soluble  and  crystallizable, 
and  sustain  a  heal  of  450°  without  decomposition. 

If  a  jar  of  olefiant  gas,  c,  be  inverted  in  the  pneumatic  trough,  over  a 
capsule,  6,  as  in  the  figure,  and  bubbles  of  chlorine  be.passed  up  into  it, 
I  both  gases  disappear,  and  a  heavy  oily  liquid  collects 
n  the  capsule,  the  formation  of  which  gave  to  the  gaa 
I  its  common  name  of  Olefiant  Gas.  In  this  process 
a  quantity  of  gas  is  totally  decomposed,  and  muriatic 
acid  is  evolved  in  great  quantity,  but  the  oil  results 
!  from  the  direct  union  of  the  chlorine  and  etherene, 
its  formula  being  C,HjCls.  I  will  name  it  Chhr- 
etlierene,  but  it  is  called  the  0*7  of  the  Dutch  Chemists, 
't  was  first  formed  by  the  members  of  a  scientific 
)ciation  in  Holland.  When  quite  pure  it  is  col- 
it  ethereal  odour.  Its  specific  gravity=l'36  ;  it  boils 
at  180°  ;  it  burns  with  a  greenish 'Bame,  giving  off  muriatic  acid  ;  the 
specific  gravity  of  its  vapour  is  3421.  Exposed  to  an  excess  of  chlorine, 
it  is  decomposed,  hydrogen  being  removed,  and  replaced  by  chlorine  ;  a 
volatile  oily  liquid,  C4H2CI4,  and  ultimately  sesqmcltloride  of  Carbon,  C( 
Clc  are  produced, 

The  chlor-etherene  is  not  decomposed  by  a  watery  solution  of  potash  ; 
but  if  it  be  dissolved  in  an  alcoholic  solution  of  that  alkali,  and  gently 
vfavmed,  chloride  of  potassium  is  formed,  and  a  peculiar  body  produced, 
whose  composition  is  expressed  by  the  formula  C^HaCl.  This  substance 
is  gaseous;  of  a  garlic  odour,  burning  with  difficulty  with  a  smoky  red 
flame  ;  its  specific  gravity  is  2166.  It  is  evident  that  the  chlor-etherene 
rftay  be  considered  as  a  compound  of  this  gas  with  muriatic  acid,  CjH 
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CI.  +  H.CI.,  in  which  case  the  action  of  the  potash  is  easily  explained. 
This  gas  itself  is  supposed  to  be  a  chloride  of  ihe  same  car  bo  hydrogen 
ns  is  the  basis  of  acetic  aoid  and  aldehyd,  (CHj),  or  Acetyl ;  and  the  de- 
fiant gas,  on  this  view,  is  Hydruret  of  Acetyl,  C^Hj-f-  H.,  or  Ac.H.  The 
farther  discussion  of  this  opinion  will  be  reserved  Ibi-  another  place.  If 
ihe  gas,  GjHiCl.,  be  passed  over  percblciride  of  uutimony,  it  combines 
with  more  chlorine  and  forma  a  liquid,  which  boils  at  240",  and  consists 
of  C^HjClj;  by  an  alcoholic  solution  of  potush  this  is  decomposed  into 
muriatic  acid,  and  another  body,  also  liquid,  but  boiling  at  86°,  and  hav- 
ing the  formula  CHjClj.  By  contact  with  chlorine,  this  prodooes  the 
liquid  CjHjCI^,  noticed  in  the  preceding  paragraph,  as  obtained  directly 
from  cl(lor-etherene,  and,  as  the  next  stage,  the  aesquichloride  of  carbon. 
If  a  mixture  of  olefiant  gas  and  vapour  of  ether  be  acted  on  by  chlorine,  an  oily 
liquid  Is  obtaiaed,  which  boils  at  350",  and  consists  of  0,H, .  Cl.O. ;  it  is  called  Cktar- 
etkeral.  bat  is  properly  a  compound  of  aldehjd  and  the  chlor-etherene,  0,1140124- 

C4H40i. 

Bromine  combines  with  olefiant  gas,  with  the  same  plienomena  as  chlorine,  and 
gives  rise  to  a  similar  series  of  compounds,  which  it  is  consequently  unnecessary 
to  detail- 
Iodine  absorbs  olefiant  gas  abundantly,  and  forms  a  white  crystalline  substatice, 
which  melts  at  180°,  and  may  be  sublimed  If  air  be  not  present.  It  is  soluble  in 
alcohol,  insoluble  in  water;  ils  formula  is  C4H.1I2,  but  tbe  products  of  its  decompo- 
sition are  not  similar  to  those  of  the  chlorine  compound. 

When  biohloride  of  platinum  is  dissolved  in  alcohol,  a  "ery  complex  reaction  oc- 
eors,  and  a  substance  is  produced  consisting  of  Pt.CI.-|-0jH2.  This  body  combines 
with  the  chlorides  of  the  alkahne  metals  to  form  double  salts.  On  Berzelius's  view, 
the  OiH^  being  a  compound  radical  (Elayl),  may  be  suppoaeil  simply  to  replace  the 
second  atom  of  chlorine,  and  thus  form  an  Blayl-chlmide  of  platinum,  wiiich  has 
the  same  power  of  forming  double  salts  as  the  ordinary  bichloride.  They  are  thus 
{Pt.^-El.Ci.)-|-K.CI.  and  (Pt.-f  EI.Cl.J-J-Na.Cl.,  &o. 

Of  ihe  Products  of  tlii''  Oxidation  (f  Alcohol,  AMchyd,  Hgpoacelous 
Acid.—E.c{.  555-6  or  44-2. 

It  has  been  mentioned,  in  speaking  of  nitrous  ether,  that  by  ihe  ox- 
idation of  alcohol  we  obtain  a  crowd  of  products,  as  aldehyd  and  acetic 
acid,  formic,  malic,  and  oxalic  acids  ;  these  last  are  secondary  products 
of  the  too  violent  reaction,  and  the  result  of  the  true  oxidation  of  alco- 
hoi  is  found  to  be  aldehyd  or  acetic  add,  according  to  the  point  at  which 
the  process  stops.  The  formation  of  acetic  acid  thus  directly  from  al. 
cohol  constitutes  the  acetic  fBrmenlailon, 

Although  aldehyd  is  formed  when  nitric  acid  acts  on  alcohol,  yet,  from 
the  other  products  being  difficult  to  separate,  it  is  not  so  prepared  ;  a 
large  quantity  of  it  is  generated  in  the  destructive  distillation  of  wood, 
and  it  may  be  obtained  in  the  rectification  of  the  pyroxylic  spirit.  The 
most  ordinary  process  is  that  given  by  Liebig ;  six  pads  of  oil  of  vitriol 
with  four  of  water,  four  of  spirit  of  wine,  and  six  of  black  oxide  of  man- 
ganese, are  to  be  distilled  with  a  very  gentle  heat,  and  the  product  col- 
lected in  a  receiver  surrounded  with  melting  ice.  The  apparatus  de. 
scribed  for  preparing  ether  (p.  542)  should  be  employed.  The  process 
is  completed  as  soon  us  the  materials  in  the  retort  cease  to  froth  up.  I 
have  found  a  purer  product  to  be  obtaiaed  by  distilling,  at  a  very  gentle 
heat,  two  parts  of  spirit  of  wine  with  three  of  bichromate  of  potash,  three 
of  oil  of  vitriol,  and  six  of  water  ;  the  last  two  being  previously  mixed 
and  allowed  to  cool.  To  obtain  the  aldehyd  absolutely  pure,  it  is  lo  be 
combined  with  ammonia,  and  tho  crystallized  aldehyd-a 
4  A 
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posed  by  dilute  sulpliuric  acid,  distilled  in  a  waier.balii  at  130"  with  the 
greatest  cure,  and  rectiried  over  fused  chloride  of  calcium. 

Aldehyd  is  a  colourless  liquid,  uf  au  agreeable  but  sulfucating  oiiour ; 
it  boiis  ut  71°  i  it  is  lighter  tlian  water :  it  mixes  with  ivnter,  dcohol, 
and  ether ;  it  is  neutral  ajid  inflamiTiable,  burning  with  a  blue  Haiiia  ;  in 
contact  with  oxidizing  agents,  it  is  changed  into  acetic  acid,  pussing 
through  an  icEermtidiutc  slulc  of  Aldehydio  Add.  Onlliis  fad  is  found, 
ed  its  most  characteristic  property  ;  U'  any  liquor  containing  aldthyd  be 
added  to  a  solution  ofUhe  ammoniacal  nilraio  of  silver,  and  gently  heat- 
ed, the  silver  is  depoijited  as  a  brilliant  metallic  lilm,  lining  the  i^ides  of 
the  vessel  like  a  mirror,  and  iii  the  liquoi*  is  found  aldehydiite  of  silver  ; 
if  ro  this  potash  be  added,  oxide  of  silver  precipitates,  and  on  boiling  for 
a  moment,  it  is  reduced  to  the  state  of  metallic  silver,  and  acetate  of 
potash  is  formed.  From  the  composition  of  aldehyd,  these  changes  are 
at  once  explained.  It  is  formed  by  ihe  ubstracljou  of  two  atoms  of  by. 
drogen  from  alcohol,  which  are  curried  away,  as  water,  by  tliR  oxygen 
supplied ;  its  formula  is  hence  G,H,0] ;  now,  in  contact  with  AS'O.,  it 
forms,  first,  aldehydic  acid,  C,H,Oi„  and  metallic  Silver,  and  then  CtHA 
with  Ag.O.  gives  liydraied  acetic  acid,  C(H,0,,  and  another  quantity  of 
silver.  The  formation  of  acetic  acid  from  alcohol  consists,  therefore,  in 
two  stages  ;  first,  the  abstraction  of  hydi-ogen,  by  which  aldehyd  is  form- 
ed, and,  second,  the  addition  of  oxygen,  by  which  acetic  acid  is  produced. 
When  aldehyd  is  heated  in  a  solution  of  potash,  this  becomes  brown, 
and  by  an  acid  a  solid  brown  substance  separates,  which  is  fusible,  and 
possesses  many  properties  of  a  resin.  Tliis  also  is  a  very  distinctive 
charactef  of  aldehyd. 

When  long  kept,  aldehyd  undergoes  an  isomeric  change  into  two 
bodies,  one  liquid,  Elaldeliyd,  the  other  suVid,  Metaldehyd ;  tliey  have  (he 
same  formula  aa  aldehyd,  aHA.but  differ  in  all  their  properties. 

The  general  characters  of  aldehyd  show  that  it  coniaitis  ihe  same  rad. 
ical  as  acetic  acid.  Acetyl,  Cjllj  or  Ac,  combined  with  oxygen  ;  it  is, 
Xhtr&iota,  Hydraled  Oxide  of  Acetyl,  Ac.O.-\-A(i.=C,\\Oi;  it  has  been 
called,  also,  Hypoacetous  Acid,  for  it  is  capable  of  perfectly  neutralizing 
ammonia.  Its  compound  with  ammonia  is,  indeed,  very  remarkable  ; 
it  is  best  prepared  by  dissolving  aldehyd  in  eihcr,  and  passing  ammo- 
niacal  gas  into  the  liquor  ;  the  aldekyd-ammonia,  being  very  sparingly 
soluble  in  ether,  crystallizes  as  it  forms  in  large  hexagonal  plates,  which 
ore  very  brilliant  and  colourless.  Their  solution  in  water  soon  decom. 
poses,  becoming  brown,  and  exhaling  an  animal  smell.  The  dry  crystals 
may  be  fused  and  sublimed  without  alteration  ;  their 
formula  is  C,HaO.+H.O.  .  N.Hj. 

Aldehyd  is  formed  also  by  the  direct  action  of  the 
air  on  alcohol ;  this  may  be  facilitated  very  much  by 
means  of  spongy  platina,  which  contains  much  oxy- 
gen condensed  in  its  pores,  but  the  process  is  of  more 
interest  in  consequence  of  another  body  which  then 
forms,  and  which  cannot  be  otherwise  generated  ;  it 
is  Acetal.  To  prepare  it,  a  large  bell-glass  is  ta- 
ken, open  above,  and  standing  in  a  basin,  so  sup- 
ported as  to  allow  the  air  inside  to  be  frequently  re- 
newed, as  in  the  figure  ;  through  the  top  passes  the 
tube  of  a  small  funnel,  a,  under  which  is  a  watch. 
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glass  b  1  ye    of  pk     nha  k  (p.  407).     Into  llie  funflul  strong 

al  ol  ul  3  po    ed  bO   1      t    m     me    o  lime  a  drop  falls  into  the  Wiiich- 
gljs      be         'in    p  eseti  ed    o  oxy^er 
d    o    I       dad  aldclyd   ace  c  d    d, 
1  qu  da  tt  e  vapu   z  d  by    he  hea    evolved,  but  condense  ou  the  sidea 
of    he  b  II  glajjs    a  d    fl        g  d  collect  in  the  basin  uiidernimth. 

By  I  o  esse  de  a  I  d  n  I  e  y  emalic  wurks,  the  acetal  is  puiified. 
I  s  ft  lou  !e  I  q  d  b  I  p  a  00°  ;  its  odour  is  agreeable  j  its  for- 
m  la  I    CbHbOj,  and      q]  pe        o  be  a  compound  of  aldehyd  and  ether, 

The  Aldehydic  Acid — AoeloM  Add. — as  already  noticed,  is  formed  by 
the  partial  oxidaiion  of  aldehyd  ;  but  it  appears  to  be  produced  also  under 
the  eircumslaiices  of  slow  combustion,  descnbed  in  p,  179,  along  with 
acetic  and  formic  acids.  It  is  obtained  pure  by  deoomposing  its  silver 
salt  by  sulphuret  of  hydrogen,  forming  u  liquor  of  an  agreeably  acid 
taste. 

Of  Acetic  Acid.     Vinegar.— E<{.  755-0  or  .51-2. 

As  all  alcoholic  liquors  are  liable  to  undergo  spontaneous  decompusi. 
lion,  and  form  vinegar,  this  acid  haa  been  known  from  the  earliest  ages 
as  produced  by  the  acetous  fermenlalion ;  its  origin  was,  however,  long 
wrapped  in  obscurity,  for  the  complex  constitution  of  the  fermented 
liquors,  in  which  it  was  ordinarily  produced,  prevented  Ihe  simple  na- 
ture of  the  change  from  being  understood.  It  is  now  fully  established, 
that  the  change  from  alcohol  to  acetic  acid  consists  simply  in  the  remo. 
val  of  iwo  atoms  of  the  hydrogen  of  the  alcohol,  and  addition  of  two 
atoms  of  oxygen  ;  these  actions  not  being  simulianeoua,  but  successive, 
and  aldeiiyd  being  Ihe  intermediate  product,  thus  : 

AJuohol,  CjHeOe,  and  AlJBhyd,  C<HjC^ 

gives  by  — -Ha,  gives  by  -|-Q;, 

Aldehyd,  CjH40r  Hjdrated  Acetic  Acid,  C^HA- 

By  means  of  chromic  and  nitric  acids,  but  especially  by  tlie  ])latinum 

black  as  described  just  now,  this  reactioa  may  be  carried  on  with  perfect 

accuracy  and  distinctness. 

But  if  we  place  ourselves  in  the  actual  condition  of  practice,  the  the. 
ory  of  the  acetous  fermentation  becomes  much  more  difficult ;  for  exactly 
tia  a  pure  solution  of  grape-sugar  will  not  break  up  into  alcohol  and  car. 
bonic  acid,  and  a  cause  of  disturbance  is  necessary  in  order  to  enable 
the  neiv  arrangement  of  its  particles  to  occur,  so  do  we  find  it  to  be  in 
changing  alcohol  into  acetic  acid.  Pure  alcohol,  whether  weak  or 
strong,  absorbs  no  oxygen  by  mere  exposure  to  the  air,  and  hence  forms 
no  vinegar-,  it  is  necessary  there  should  be  another  body  more  liable  to 
decomposition  (ferment),  which,  abstracting  oxygen  from  the  air  for  the 
purpose  of  its  own  decomposition,  may  confer  upon  the  molecules  of  al- 
coholauch  instability  of  structure  as  will  admit  of,  and  cause  the  similar 
absorption  of  oxygen  by  them.  The  ferment,  in  decompoaing,  evolves 
water  and  carbonic  acid;  the  alcohol  evolves  water  only,  but  absorbs 
the  oxygen  from  the  air.  The  platinum  black,  in  the  process  that  has 
been  described,  supplies  the  place  of  the  ferment.  In  making  vinegar 
from  malt  liquors  or  from  wine,  they  are  placed  in  hogsheads  partially 
full,  and  left  more  or  less  exposed  to  the  air,  according  to  circumstances. 
To  supply  oxygen,  the  air  must  have  access  ;  but  if  the  air  were  very 
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rapicllv  renewed,  u  large  quintity  of  the  volatile  aldehyd  would  be  car. 
ned  off  These  soluliuna  coniain  abundance  of  organic  mattef,  proper 
fur  acting  t^s  feiment ,  and  when  the  fermentation  is  complete,  the  prod, 
ucts  of  theiT  decomposiiion  collect  upon  the  bottom  and  sides  of  the 
\a(s  in  a  gplalmous  mass,  termed  mothers. 

Ilip  man  jfaeture  of  wine  or  mall  vinegar  by  thenid  process  of  mere  partial  ex- 
posure to  il  H  air  10  vats  consumed  niueli  time,  anil  is  almost  siipeiaedej  by  the 
Geimnn  ii  ctliod  bj  wliLtb  excellent  vinegar  may  be  made  in  thirty-six  hours,  A 
vatk  IS  to  be  filled,  as  in  the  Rgme,  with  woud  shaving  and 
closed  at  the  top  by  a  pan,  b,  the  bottom  of  which  is  perlbrated 
I  with  a  number  of  small  holes,  tbrougli  which  short  threads  are 
i\  passed  tu  bring  down  the  liquid  more  rapidly.  The  shavings, 
j\  before  being  used,  are  well  steeped  in  vinegar,  which  is  itself 
SI  one  of  the  most  active  ferments.  Below,  at  i;  c,  is  a  circle  o( 
X  holes  about  half  an  inch  in  diameter,  by  which  the  air  may  enter, 
I  «liich  then  escapes  above  by  a  number  of  tubes,  which  pass 
S  through  the  pan,  and  are  left  wliite  in  the  figure.  If  now  we  take 
[  a  spirit  containing  about  one  part  of  proof  spirit  to  four  of  water, 
and  having  nuxed  with  it  yAir''l'  of  Imney  or  yeast,  pour  it 
into  the  pan  above,  it  trickles  down  die  orilices  by  the  threads, 
irer  the  a!  avmga  has  i»  surface  enormously  extended.  It  absorbs 
oxygen  veiv  rapidly  and  having  been  warmed  to  about  75°  before  being  poured  in, 
jts  temperature  soon  uses  to  100° ;  the  interior  being  so  hot,  a  current  nf  air  is  es- 
tablished through  the  vessels  by  which  a  constant  supply  of  oxygen  is  iiept  up. 
According  as  the  hquid  passes  down,  it  escapes  through  the  pipe  at  the  b<ittum,  and 
is  collected  in  the  vesael  a;  when  it  has  passed  through  three  or  four  times,  it  is 
found  to  be  converted  into  excellent  vinegar,  and  the  whole  time  occupied  is  only 
between  twenty-four  and  thirty-six  hours. 

The  manofeoture  of  vinegar  by  the  distdlation  of  wood  will  be  described  in  an- 
other place. 

The  vinegar  of  commerce  has  frequently  its  pungency  and  acidity  in- 
creased by  the  addition  of  acrid  herbs,  as  capsicum,  and  by  sulphuric 
acid.  To  obtain  it  free  from  these  impurilies,  it  is  redistilled.  As,  bow. 
ever,  its  volatility  is  about  the  same  as  that  of  water,  it  cannot  be  con- 
centrated in  that  way,  and  hence  the  strong  acetic  acid  must  be  obtained 
by  iJie  decomposition  of  its  salts  by  a  stronger  acid.  For  this  purpose, 
one  part  of  acetate  of  soda,  which  has  been  dried  at  a  gentle  beat,  is  to 
be  distilled  with  two  parts  of  oil  of  vitriol ;  so  much  heat  ia  evolved  by 
the  mixture,  that  a  quantity  of  the  acetic  acid  distils  over  spontaneously, 
and  lo  complete  the  decomposition  only  a  very  moderate  heat  need  be  up- 
plied.  In  this  process,  S.Oa+Aq.  and  Na.O.-f  C.HA  give  S.O^+Na.O. 
and  C,Ha03-]-Aq.  The  acid  which  passes  over  generally  contains  some 
sulphurous  acid,  arising  from  its  secondary  action  on  the  oil  of  vitriol ; 
in  order  to  separate  this,  it  is  rectified  over  some  peroxide  of  lead,  with 
which  the  sulphurous  acid  forms  sulphate  of  lead.  The  liquid  acetic 
acid  which  distils  is  then  to  be  exposed  to  a  cold  of  about  23°,  and  the 
crystals  which  form  are  lo  be  separated  from  the  liquid  portion ;  these 
crystals  are  the  ProLohydrale  of  Acetic  Acid,  and  in  its  most  concetitrated 
form. 

Acetic  acid  may  be  prepared  also  by  distilling  acetnte  of  lead  with  oil 
of  vitriol,  or  by  the  destructive  distillation  of  acetate  of  copper  :  by  this 
last  method  an  acid  is  obtained  (radical  vinegar)  of  an  agreeable  aromat- 
ic odour,  from  an  admixture  of  Acetone,  The  acetate  of  potash  is  pre- 
scribed by  the  Dublin  Pharmacopceia ;  but,  as  acetate  of  aoda  is  found 
abundant  and  cheap  in  commerce,  it  is  now  exclusively  employed. 
The  Hi/drated  Acetic  Acid,  when  free  from  any  excess  of  water,  crvs- 
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wiJizea  at  50°  in  Incge  white  plates,  which  do  not  again  become  liquid 
uatil  heated  above  60°  ;  it  is  hence  called  Glacial  Acetic  Acid ;  its  odour 
is  very  characterisiic  and  pungent ;  its  taste  caustic ;  it  blisters  ihe  skin ; 
it  mixes  with  water,  alcohol,  and  ether,  and  dissolves  camphor  and  essen- 
tial oils,  which  soliition  constilutca  the  aromatic  vinegm"  of  the  shops. 
When  liquid,  its  sp.  gr.  is  1-083  j  but  its  specific  gravity  does  not  indi. 
cate  its  strength,  as  it  increases  accQrding  as  water  is  added  until  it  be- 
comes 1'078,  which  is  that  of  an  acid  containing  34  6  per  cent.,  or  three 
atoms  of  water;  being  a  definite  compounif,  CiHaOj-j-H.O.+S  A().  Oq 
farther  dilution,  the  sp.  gr.  again  diminishes,  and  an  acid  containing  64 
per  cent,  of  water  has  a  sp,  gr.  of  1'063,  the  same  as  that  of  the  most 
concentrated  acid.  The  strength  of  any  acetic  acid  may,  however,  be 
very  simply  found  by  immersing  in  it  a  weighed  piece  of  white  marble, 
and  weighing  it  again  when  the  acid  has  been  completely  neutralized ;  * 
the  loss  of  weight  gives  pretty  accurately  the  quantity  of  acetic  acid,  as 
the  atomic  weight  of  Ca.O.  .  C.Oi  (50-5)  is  nearly  iho  same  as  that  of 
C4HjOs  (&1-3) ;  of  course,  if  the  acetic  acid  be  not  pure,  this  method 
can  not  be  employed. 

The  formula  of  hypothetic  dry  acetic  acid  is  CiHjOj,  and  its  equiva. 

lent  =51-2.     The  acetate  of  water,  CiHaOj+Aq.,  consists  of 

4  equiyalenls  of  carbon,      =34-30     .    .    40SO 

4  "  hydrogen,  =^  4  00    ,    .      6-64 

4  "  oxygei],     =33  00    .    .    53-16 

60-30  100  00 

The  hydrated  acetic  acid  boils  at  340°.  The  specific  gravity  of  ,ta 
va|)Our  is  2278,  and  is  anomalous  as  showing  that  its  equivalent  volume 
is  3,  in  place  of  4  or  2,  as  occurs  with  almost  all  other  organic  bodies. 

The  products  of  the  decomposition  of  acetic  acid  by  chlorine  and  by 
bases  will  be  hereafter  noticed  ;'  with  powerfully  oxidizing  bodies  it  yields 
formic,  oxalic,  and  carbonic  acids. 

Acetic  acid  is  recognised  by  its  peculiar  odour  and  its  volatility ;  it 
reddens  litmus  powerfully ;  its  solutions  are  precipitated  by  the  nitrates 
of  silver  and  of  black  oxide  of  mercury,  giving  white  crystalline  salts, 
sparingly  soluble  in  cold  water.  But  even  strong  solutions  are  not  af. 
fected  by  the  salts  of  lead  or  barytes.  It  combines  with  all  bases  form- 
ing salts,  of  which  none  are  quite  insoluble  in  water,  but  generally  very 
soluble  and  easily  crystallized.  The  most  important  of  these  acetates 
will  now  be  described. 

Acetate  of  Potash,  K.O.  .  CjMaOj,  is  formed  by  neutralizing  acetic 
acid  by  means  of  pure  carbonate  of  polash.  The  solution  is  generally 
evaporated  at  once  to  dryness,  and  the  salt  fused  at  a  dull  red  heat,  in 
order  to  obtain  it  quite  white.  It  forms,  on  cooling,  a  foliated  mass, 
greasy  to  the  feel.  From  its  concentrated  solution  it  may  be  oblained, 
also,  in  delicate  crystals.  It  i:i  very  deliquescent,  and  dissolves  copiously 
in  alcohol. 

Acetate  of  Soda,  Na.O.  .  C,H,0a-|-6  Aq.,  may  be  oblained  in  the 
same  way  as  acetate  of  potash,  but  is  made  on  the  large  scale  in  purify, 
ing  the  rough  wood-vinegar.  The  impure  acetate  of  lime,  obtained  by 
neutralizing  the  pyroligneous  liquors  with  chalk,  is  decomposed  by  6J 
times  its  weight  of  crystallized  sulphate  of  soda.  These  are  in  the  pro- 
portion of  two  equivalents  of  Glauber's  salt,  as  but  one  half  of  ihe  quan- 
tity added  is  decomposed  by  the  acetate  of  lime.     It  answers  still  better 
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the  acid  liquors  by  sulphurct  of  sodium,  prepared  by  roast. 
i  sail  witii  small  coal,  as' fur  making  sodansh  (p'.  489). 

When  purified  by  successive  crystallizations,  the  acetate 
of  soda  fijrins  oblique  rhombic  prisms,  as  i,  u,  in  the  figure, 
with  many  secondary  planes,  as  a,  e,  o.  These  contain  six 
of  water.  It  is  permanent  in  the  air;  soluble  in 
three  parts  of  cold  and  in  one  of  boiling  water;  at  a  red 
ileal  it  molts,     lla  principal  use  is  in  tlie  preparation  of 

Acciaic  of  Barytcs,  Ba.O.  .  C,HjOa,  is  formed  by  neutralizing  acetic  acici  with 
carbunale  of  liarytes  or  eulpliuret  of  barium.  It  crystallizes  in  oblique  rhombic 
prisms ;  hy  heat  it  is  completely  decomposed  into  carbonate  of  barytea  and  acetone 
(Ba.O.  .  C.Oi  and  CaHaO.i. 

Acetaie  of  Lime  is  niade  on  the  large  scale,  but  in  a  very  impure  form,  as  une 
stage  in  the  process  of  purifying  the  wood-vinegar.  When  pure,  it  crystallizes  in 
needles,  which  do  not  deliquesce.  It  is  docomiiosed  by  heal  in  the  same  way  as 
the  preceding  salt. 

Acetate  of  Alumina  is  of  considerable  technical  importance,  from  its 
use  as  a  mordant  in  dyeing.  It  is  formed  by  mixing  solutions  of  alum 
and  of  acetate  of  lead  when  to  be  employed  in  the  arts.  The  solution 
then  contains  much  acetate  of  potash.  To  obtain  it  pure,  the  simple 
sulphate  of  alumina  should  be  decomposed  by  acetate  of  barytes.  Evap- 
orated at  a  very  gentle  heat,  it  dries  into  a  transparent  gummy  mass; 
but  if  boiled,  acetic  acid  passes  off,  and  a  basic  acetate  of  Alumina  is  de- 
posited as  a  white  powder.  This  effect  is  produced  also  by  contact  with 
linen  or  cotton  cloth,  the  acetic  acid  becoming  free.  A  piece  of  calico 
i's  ihus  mordanted  uniformly  by  imraeraioo  in  a  bath  of  acetate  of  ulumina, 
and  then  dried  at  about  80°,  or  it  is  mordanted  partially,  so  as  subse- 
quently to  form  a  coloured  pattern,  by  bring  printed  with  the  solution  of 
this  salt,  thickened  with  gum  or  starch,  in  order  that  it  may  not  spread  ; 
on  beinft  then  dried  by  passing  over  warm  cylinders,  the  acetic  acid 
passes  off,  and  the  alumina  fises  itself  upon  the  tissue. 
Aceiafe  of  Zinc,  Zn.O.  .  CjHaOa-J-a  Aq,  Metallic  line  dissolves  in  acetic  acid, 
evolving  hydrogen;  but  this  salt  is  generally  prepared  by  mixing 
solutions  of  acetate  of  lead  and  sulphate.of  zinc,  aJid  separating 
the  sulphate  of  lead  which  is  formed  by  filtration.  On  evapoia- 
V  ting  the  solution,  the  acetate  of  zinc  cryetallixes  in  brilliant,  soft, 
J  hexagonal  rhombic  tables,  as  in  the  figure,  of  Which  i,  u  are  pri- 
'  mary,  and  m  a  secondary  face.  They  are  unalteiable  in  the  air, 
but  very  soluble  in  water.  When  boiled  with  alcohol,  a  liasic 
acetate  of  Zinc  precipitates,  32n.O.-f  CjHaOa.  A  solution  of  this 
salt  is  completely  decomposed  by  sulphuret  of  hydrogen. 

Protoacclaie  "f  Iron. — FeO.  .  CflHaOj.  This  salt,  which  may  he  prepared  by  dis- 
solving protosulphuret  of  iron  in  acetic  acid,  forms  a  colourless  solution,  which 
yields,  whi'ii  evaporated  in  vacuo,  pale  green  prisms,  wliiel!  attract  oxygen  with 
great  avidity  It  cannot  be  formed  by  decomposing  protosulphote  of  iron  hy  ace- 
tate of  leaci,  as  only  a  portion  of  the  lead  salt  precipitates  until  the  iron  becomes 
peroxidizpd. 

S(-»gu!acefei(eo/TroM,FeA  +  3(C,HA).ia  prepared  by  dissolving  red 
oxide  ofiron  in  acetic  acid,  or  by  decomposing  red  auiphiile  of  iron  wiih 
acetate  of  barytes.  It  forms  ii  brownish  red  solution,  which,  when  btiil. 
ed,  givtis  off  acetic  acid,  and  oxide  of  iron  separates.  By  very  cnulious 
evntmratiou,  a  dark  red  gummy  mass  may  be  obtained,  which  redissolves 
ill  cold  WHter,  It  thus  resembles  closely  acetate  of  alumina,  and,  like  it, 
serves  in  dyeing  ns  a  mordant,  to  fix  upon  the  cloth  oxide  of  iron,  with 
which  the  colouring  matters  may  combine ;  being  rouglily  prepared  by 


by  Google 


ACETATES     OF     LEAD.  559 

digustini;  olJ  iron  in  ihe  impure  acelic  acid  from  wood,  it  is  commoiily 
tercned  PyroligniJe  of  Iron. 

A  linctiire  of  Acetate  of  Iron  is  employed  in  medicine,  which,  aa 
directed  by  the  DabILn  Pliiirmacopaiia,  is  formed  Ijy  trituruting  logetlier 
protosulphute  »)f  iron  and  ap.etate  of  putash,  and  digostihg  iti  alcohol ;  in 
order  thui  itie  solutiotl  shall  have  the  rich  wine  red  colour  which  is  re. 
quired,  the  mixture  of  the  aalta  should  be  left  for  a  IJUle  timti  pasty,  so  us 
to  absorb  osygen,  and  there  should  be  present  an  excess  of  aceiato  of 
potash.  Tha  iron  ia  present  in  those  tinctures  as  black  oxide.  If  too 
much  seaquioxide  be  fermed,  the  solution  decomposes  very  easily,  red 
oxide  of  iron  separating,  and  acetic  ether  and  aldehyd  being  produced. 
If  the  protoxide  be  present  in  excess,  tlie  colour  ia  a  brownish  yttllovv, 
and  the  preparation  is  liable  to  spoil  when  oxygen  has  aubsequenily  ac- 
cess to  it.  Altliough  Ihe  acetate  of  potash  does  tint  form  a  true  double 
sail  in  this  case,  yet  it  gives  much  greater  stability  to  the  acetates 
of  iron. 

Ace/ales  of  Lead.-~r AcuI'iq  acid  forms,  with  oxide  of  lead,  four  well- 
characterized  salts. 

Neutral  Acetate  of  Lead.  Sugar  of  Lead,  Pb.O.  .  C^HjOs-|-3  Aq., 
is  prepared  by  dissolving  litharge,  or  while  lead,  in  acetic  acid,  of  which 
a  slight  excess  should  be  used.  Tlie  liquora  yield  by  evaporation  right 
ihomhic  prisms  with  dihedral  summits,  as  in  the 
figure,  which  are  very  bright  and  colourless; 
iheir  taste  is  sweet  and  astringent;  the  solution 
water  reddens  litmus,  but  turns  sirup  of  vio- 
[  green.  In  very  dry  air  they  effloresce; 
so  healed  to  136°  they  undergo  aqueous  fu. 
sion,  but,  having  lost  their  water  of  crystaHi- 
zuiion,  become  solid  again.  The  diy  sail  thus- 
obtained  fuses  again  at  a  higher  temperature,  and  without  bhict(ening, 
is  decomposed  into  carbonic  acid,  acetone,  and  aesquibasic  acetate  of 
lead,  which  remains,  3(Pb.O.  .  C.BA)  giving  C.Oj  with  Call  ( ;.  and 
3PbO.+2CjHiOs. 

This  neutral  salt  dissolves  easily  in  alcohol ;  it  is  very  pois  ous  ;  the 
antidote  to  it  is  Glauber's  or  Epsom  salt,  which  forms  insolu  .e  sulphate 
of  lead. 

Sesqiubasie  Acetate  of  Lead.— Z?b.0.+2C,B A.  This  salt,  which 
is  formed  as  just  described,  dissolves  in  water,  and  the  airupy  solution 
crystJiliizp^  in  pearly  hexagonal  plates ;  its  solution  reacts  alkaline. 

Tribasic  Acetate  of  Zead.—ZPb.O. +C,Hfii.  When  ammonia  ia 
added  to  a  solution  of  neutral  aceluto  of  lead,  so  as  to  render  it  strongly 
alkidiiie,  it  does  not  combine  with  it  as  with  most  other  metallic  salts, 
but  acetate  of  ammonia  and  tribasic  acetate  of  lead  are  formed  ;  it  may 
also  be  prepared  by  boiling  together  six  parts  of  crystallized  acetate  of 
lead,  seven  of  litharge,  and  ihiriy  of  water.  This  solution,  known  in 
pharmacy  as  Exlractmn  Saiumi,  gives,  by  evaporation,  a  mass  of  fine 
crystalline  needles;  it  reacts  powerfully  alkaUne;  it  is  insoluble  in 
alcohol. 

Se^basic  Acetate  of  Lead,  ePb.O.+CiHaOj,  is  precipilaled  when  a 
solution  of  neutral  acetate  is  added  to  a  great  excess  of  water  of  ammo, 
niii ;  it  is  fiirmed,  also,  when  acetic  acid  acts  on  metallic  lead  with  arcess 
of  air,  and  is  hence  generally  present  in  the  Ceruse  of  c 
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p.  491.)    It  forms  mioule  feathery  crystals  wIicq  dcposiiied  from  boiling 
wiuer,  in  which  it  is  slightly  soluble. 

Ait  these  basic  acetates  of  lead  are  decomposed  by  carbonic  acid, 
giving  nsiAtral  acetate  and  carhooate  of  lead. 

Acetates  of  Copper. — The  acetate  of  the  suboxide  of  cop])er  is  not 
important ;  thei-e  are  four  acetates  of  the  black  oxidn. 

Neutral  Acetate  of  Copper.    Disiilied  Verdigris,  Cu.O. .  C,HjOs+Aq., 
is  prepared  hy  dissiolving  verdigris  in  acetic  acid.    Jt  Joi'ms 
oblique  rhombic  prisms,  as  in  the  iigure,  where  i,  u,  u  are 
'inary,  and  e,  e  secondary  faces  of  a  fine  deep  green  col- 
■.     It  crystallizes  in  another  form  with  five  atoms  of 
water :  these  crystals  are  blue,  like  sulphate  of  copper, 
d  when  heated  to  86°,  give  off  4  Aq.,  and  change  into 
1  common  green  crystals ;  it  effloresces  gradually  in 
}  air;  when  healed  in  close  vessels,  it  gives  a  mixture 
icid  and  acetone  ;  in  the  air  it  takes  fire,  burning  with  a  bright 
green  flame. 

If  a  solution  of  this  salt  be  mixed  with  sugar  or  honey,  and  heated,  it 
deposites  a  green  powder  of  carbonate  of  copper,  which  changes  iato 
minute  crysials  of  the  orange-red  suboxide:  the  liquor  contains  then 
abundance  of  formic  acid. 

Bibasic  Acetate  of  Copper.  Verdigris. --2Ca.O.+C,EiOi+Q  Aq. 
This  .salt  is  manufactured  in  wine  countries  by  stratifying  plates  of 
copper  alternately  with  the  residual  stalks  and  pulp  of  the  grapes  that 
have  pasfied  into  acetous  fermentation  ;  oxygen  is  absorbed,  and  the  mass 
being  occasionally  turned  over  and  moistened,  to  give  access  lo  air,  the 
plates  of  copper  become  covered  with  a  crystalline  crusl  of  basic  acetate ; 
this  is  scraped  off,  made  into  a  paste  with  vinegar,  and  put  into  moulds, 
where  it  is  allowed  to  dry;  the  mass  so  formed  contains  ail  the  basic 
salts  mixed  together.  In  this  country  it  is  prepared  by  stratifying  cop- 
per plates  with  cloths  steepea  in  pyroligneoua  acid.  When  pure,  the 
bibasic  acetate  is  of  a  fine  blue  colour;  it  is  decomposed  by  water  into 
the  insoluble  tribasic  acetate,  and  the  soluble  aesquihasic  acetate  of  cop- 
per, which  forms  a  pale  blue  soluiion,  whence  it  may  be  precipitated  in 
crystalline  scales  by  alcohol. 

Tribasic  Acetate  of  Copper,  3Cu.O.  +  C,Ha03+2  Aq,,  remains  as  an 
insoluble  residue  when  verdigris  is  treated  with  water,  or  by  digesting  a 
solution  of  neutral  acetate  with  oxide  of  copper.  It  is  a  clear  green 
powder,  which  detonates  feebly  wlien  heated.  For  Emerald  Green,  see 
p.  456. 

Acetate  of  Black  Oxide  of  Mercury,  Hg.Oj+C.HjOa,  may  be  formed 
by  mixing  boiling  solutions  of  acetate  of  potash  and  subnitrate  of  mer- 
cury, and  filtering  rapidly.  On  cooling,  it  is  deposited  in  brilliant  white 
crystalline  scales,  which  are  very  sparingly  soluble  in  cold  wtter,  and 
insoluble  in  alcohol.  The  Acetate  of  the  Red  Oiideis  veij  soluble  m  wa. 
ter,  and  does  not  crystallize. 

Acetate  of  Silver,  Ag.O.  ,  CjHjOa  is  foimed  by  mixmg  boiling  solu 
tions  of  nitrate  of  silver  and  acetate  of  potash,  and  filteiing  the  hquoi 
while  very  hot.  On  cooling,  it  crystallizes  in  peirly  wh  tc  needles, 
which  are  but  very  sparingly  soluble  in  cold  water  These  laat  salts 
serve  as  tests  for  the  acetic  acid  in  liquids. 

Acetate  of  Ammonia,  N.HjO.  .  C,HaOj,  is  prepared  by  passing  ammo- 
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niacal  gas  over  ihe  crystal  line  hydrale  of  acetic  acid,  or  by  heatirjg 
moderately  a  mixture  of  equal  jiarts  of  acetate  of  potash  and  of  sal 
ammoniac.  The  acetate  of  ammonia  sublimes  mixed  with  a  little  free 
acetic  acid  ;  it  crystallizes  in  needies,  which  are  very  soluble  in  alcohol 
and  in  water ;  by  exposure  to  the  air  it  loses  ammonia,  and  appears  to 
form  an  acid  sail ;  its  solution  in  water,  pre;)ared  by  neutralizing  distilled 
vinegar  with  carbonate  of  ammonia,  is  used  in  medicine  by  llie  name  of 
Spirit  of  Minderenis ;  in  ils  original  form,  when  the  carbonate  of  ammo- 
nia, obtained  by  the  distillation  of  bones  (salt  of  hartshorn),  and  which 
contained  empyreumatic  animal  oil,  was  used,  it  was  a  much  more  pow- 
erful medicinal  agent  than  when  prepared,  as  now,  with  pure  carbonate 
of  ammonia. 

Aceiate  of  Ether.  Acetic  Ether,  CjHsC+C^HjOj,  ia  prepared  by 
distilling  16  parts  of  dry  sugar  of  lead,  4^  of  alcohol,  and  6  of  oil  of 
vitriol ;  the  product  should  be  rectified  over  some  lime  to  remove  free 
acetic  acid.  This  ether  is  colourless,  and  very  inflammable ;  it  boils  at 
165°  ;  it  is  lighter  than  water  ;  it  is  remarkable  for  being  isomeric  with 
aldehyd,  their  per  cent,  composition  being  the  same,  hut  the  sp.  gr.  of 
the  vapour  of  acetic  ether  (3063)  is  double  that  of  aldehyd  (1631). 

Products  of  the  Decomposition  of  Acetic  Acid  hy  Heat. 
A,  Of  Pyroacetic  Spirit.  Acetone. 
When  acetate  of  lime  or  barytcs  is  heated  to  redness,  the  acetic  acid 
is  completely  decomposed,  an  earthy  carbonate!  remaining,  and  a  volatile 
inflammable  liquid,  of  an  agreeable  aromatic  odour,  distilling  over,  0^ 
HjOj  separating  itself  into  C.Oj  and  CjHsO.  The  metallic  acetates  are 
similarly  decomposed,  but  the  products  are  not  so  pure.  This  liquid, 
for  which  I  shall  retain  the  name  Acetone,  is  formed  also  abundantly 
when  the  vapour  of  acetic  acid  is  passed  through  a  tube  containing 
charcoal,  at  a  temperature  just  below  redness. 

Acetone  is  colourless,  and  lighter  than  water ;  it  burns  with  a  lumin- 
ous flame ;  it  boils  at  132° ;  the  specific  gravity  of  its  vapour  is  2022, 
When  heated  with  hydrate  of  potash,  it  is  totally  converted  into  carbooiii 
acid  and  marsh  gas,CsH30.  and  H.O.  producing  C1H4  and  C.Oj.  When 
treated  by  ojtidiEing  agents,  as  permanganate  of  potash,  or  bichromate  of 
potash  and  sulphuric  acid,  it  is  totally  converted  into  acetic  acid, 

With  sulphurieacid,  acetone  yieUs  a  series  of  products  closely  analogous  to  those 
derived  from  alcohol,  but  still  presenting  such  characteristic  diOerences  as  induce 
me  to  look  upon  them  as  not  simply  extracted  from  acetone,  but  derived  Trom  its 
(otal  decomposition.  Thus  it  gives  a  hydrocarbon,  Meailylent,  whose  formula  is 
O8H4,  and  also  an  ether,  Mcsitie  Ether,  CJIsO.  With  sulphuric  aoid,  this  forms  the 
Salpkoansitic  and  Penwlphomesilic  Acids,  which  are  remarkable,  as  the  sulptmrio 
acid  retains  all  ils  power  of  saturating  bases.  With  phosphoric  aoid,  it  produces 
Phosp/ufracsitic  Acid,  and  with  hypophosphorous  acid  a  very  remarkable  compound, 
whose  barytes  salt  has  the  formula  CeHsO.-^SBa.O.  .P.O.  The  series  of  wine-alco- 
hol contains  no  similar  body.  The  mesitic  ether  combines  also  with  protoehloride 
of  platinum. 

When  acetone  is  treated  with  chloride  of  phosphorus,  it  gives  phosphoric  acid 
and  CiilaT(mcsUic  Etkcr,  CbHsCI.  ;  with  iodide  of  phosphorus  it  produces  lodomesitie 
Biker,  CuH»I. ;  and,  when  acted  on  by  chlorine,  it  forms,  first,  the  Mtsilii:  Chloral,  of 
which  the  formula  Is  C3H3  ■  Cl.O.,  and  subsequently  another  body,  also  a  heavy, 
oily  liquid,  CsH. .  CfcO. 

Whea  red  fumea  of  hyponitroiis  acid  are  passed  into  acetone,  and  the  vessel  is 
kept  cool,  they  are  copiously  absorbed,  and,  on  adding  water,  a  dense  fluid  separ- 
ates, which  is  Nilrms  Mesitic  Ether,  CoHiO.-j-N.Oj. 

By  acting  on  meaityiene,  C^Ut,  with  nitric  acid,  a  heavy  liquid  is.  produced, 
4B 
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wluRh  is  lermeil  Mesitic  Aldnhji ;  its  formula  is  CsHaO.+Aq.  Its  snluLion  in  alka- 
line liquura  liecumea  brown  alter  some  time,  and  precipitates  mddt  sails  of  tlie 
heavy  metals.  By  chlorine,  the  mesitylene  is  converted  inlu  a  crystalline  ijody, 
Eoluble  in  ether,  and  separating  from  it  in  brilliant  coluurless  prisms.  Its  forniula 
isCfiHsCI.     I  have  l«rmed  it  CMoi-i'de  0/ Piifcyi. 

In  nay  originifl  examinatiun  of  this  series  of  bodies,  I  loohed  upon  acetone  as  an 
alcohol  {McsUic  Aicokcl),  C6Ht02={C6Hi0.4-Aq.),  from  which  tliey  were  all  derived ; 
hut  I  do  not  now  consider  that  eitlier  mesitylene  or  mesitie  ether  pre-exisla  in  aee- 
toiie.    The  intimate  nature  of  lliat  body  lemains  yet  to  be  examined. 

B.  Of  the  Bodies  of  the  Kacodyl  Series. 

When  equal  wcJglits  of  acetate  of  potash  and  arsenious  acid  are  mix. 
ed  and  distilled  at  a  dull  red  lipat,  a  dense  coluurleaa  liquid  is  obtained, 
which  had  been  lung  known  to  chernisla  as  the  Fuming  Liquor  of  Cadet. 
The  admirable  researches  uf  Bunsen  have  ahowu  that  it  is  an  oxide  of 
a  compound  radical,  which  he  has  succeeded  in  isolating,  and  which,  in 
the  variiit)'  of  its  combinations,  and  the  influence  their  discovery  will 
doubttess  exercise  on  science,  ranks  with  cyanogen.  Nevertheless,  aa 
they  are  not  of  practical  importance,  a  short  notice  of  them  will  suffice. 

The  Fuming  Liquor  of  Cadet,  or  Alkarsine,  when  purified  from  acolone 
and  other,  accidental  products  of  the  distillation,  is  colourless  ;  m^ch 
heavier  than  water.  It  freezes  at  — 9°,  and  boils  at  300°,  The  specific 
gravity  of  its  vapour  ts  7180 ;  ita  odour  ia  excessively  diaagreeable,  pro- 
voking weeping  and  nausea  ;  it  is  actively  poisonous  ;  in  contact  wjth 
the  air  it  fumea  very  much,  and  absorbs  o.'sygon  so  rapidly,  that  if  a  large 
surface  be  exposed,  it  takes  fire  spontaneously,  and  burns  with  a  litrge 
white  flame,  throwing  off  much  arsenious  acid.  Its  compoaition  la  ex, 
pressed  by  the  formula  C,Hg  .  As.C,  and  in  all  the  combinaliona  which 
it  givea,  the  oxygen  alone  is  replaced.  Thus,  when  distilled  wiUi  ftirong 
muriatic  acid,  a  dense  liquid  of  an  insupportable  odour  is  produced,  which 
gradually  changes  into  a. crystalline  masa,  consisting  of  C,!!,  ■  As.Gl. 
By  digesting  this  liquid  with  zinc  and  water,  in  a  vessel  kept  full  of  pure 
carbonic  acid,  chloride  of  zinc  is  formed,  and  the  radical  C^EIgAa.  is  set 
free  ;■  thia  is  an  oily-looking,  heavy  liquid,  insoluble  in  water,  and  taking 
lire  immediately  on  contact  with  air.  This  is  the  Kacodi/l,  and  as  ita 
symbol  i  shall  adapt  that  used  by  Bunsen,  Kd.^CjHjAs.  Tlio  alkar- 
sine is  therefore  oxide  of  kacOdyi,  Kd.O.,  and  the  Iwdy  formed  by  mu- 
riatic acid  is  the  chloride,  Kd.Cl.  The  iodide,  bromide,  sulphitret,  and 
cyanide,  of  kacodyl,  may  be  formed  by  the  simple  process  of  distilling  al. 
karsihe  with  the  corresponding  hydracids,  orthe  chloride  of  kacodyl  with 
the  iodides,  &c,,  of  potassium. 

When  alkarsine  is  distilled  with  dilute  muriatic  acid,  or  when  chloride 
of  kacodyl  is  treated  with  water,  this  is  decomposed,  and  an  oxycliluride 
obtained,  the  formula  of  which  is  Kd.O.-j-SKd.Cl.  In  a  similar  man- 
ner, a  corresponding  oxybromido,  Kd.0.-|-3Kd.Br.,  may  be  produced, 
and  nn  oxyiudide. 

If  alcoholic  solutions  of  oxide  of  kacodyl  and  of  corrosive  sublimate  tie 
ml.ved,  a  brilliant  white  precipitate  is  obtained,  which  is  soluble  in  wa- 
ter, and  crystallizes  therefrom  in  large  but  delicate  rhombic  tables,  of  a 
satiny  lustre.  It  is  a  direct  combination,  its  formula  being  Kd.O;  + 
2Hg,Cl.  A  precisely  similar  compound  is  formed  with  the  bromide  of 
mercury. 

When  alkarsine  is  exposed  to  the  air,  so  ihat  it  may  absorb  oxygen, 
but  not  burst  into  flame,  it  ia  changed  totally  into  a  white  cryBtaJIme 
a  acid  and  some  volatile  products  are 


b,  Google 


BOUKCES,    ETC.,    OF    MARSH    GAS.  563 

lormed.  The  crystals  being  disaolvcd  in  a  small  quantity  of  water,  this 
liquor  is  evaporated  to  dryness,  and  tlie  residue  dried  by  blotting  paper, 
and  recrystallized  from  alcohol.  The  subi^tance  thus  obtained  13  termed 
^Ikargene ;  it  forms  large  oblique  prisms,  which  are  inodorous  and  loste. 
less ;  it  deliquesces  iu  moist  air  ;  it  combines  with  alkalies  and  meiallic 
oxides,  Ibrming  very  instable  compounds ;  il  melts  at  390°,  and  is  de- 
composed by  a  stronger  heat.  By  deoxidizing  agents,  as  p rot oclilo ride 
of  tin  or  phosphorous  acid,  it  la  reduced  to  the  slate  of  alkaraine  j  il  is 
not  poisonous.  Its  composition  is  expressed  by  the  formula  C,H, .  Aa, 
Ot,  or  Kd.Oj-f-Aq.  ;  its  proper  came  is  ihei'efore  Kacodylic  ^cid. 
C.  Of  light  Carburelled  Hydrogen.  Marsh  Gas, 
This  gas  is  formed  by  the  decomposition  of  almost  every  organic  sub. 
stance  at  a  high  teniperatui-e.  Thus  it  exists  always  mixed  with  olefi. 
aiit  gas,  in  the  coal  or  oil  gas  used  for  illumination.  It  may  be  formed 
by  passing  olefiant  gas  througli  a  red-hut  lube,  when  half  of  its  carbon  is 
deposited  and  its  volume  doubled.  '  It  is  produced,  also,  by  passing  iha 
vapours  of  alcoliol,  of  ether,  or  of  acetic  acid  ttirough  bright  red-hot 
tubes  in  a  similar  manner. 

A  very  interesting  source  of  this  gos  is  the  decomposition  of  vegetablo 
matter  in  contact  with  water,  but  excluded  from  the  air.  By  assimila- 
ting the  elements  of  four  atoms  of  water,  the  lignine  breaks  up  into  car- 
bonic acid  and  this  gas,  C,jHA  with  4H.O.  giving  6C.O,  and  6C.H,. 
As  the  origin  of  the  great  deposites  of  coal  is  to  be  found  in  the  alow  de- 
compobition  of  subruej'gcd  forests  of  high  antiquity,  this  gas  was  (hen 
generated  in  large  quantity,  and,  being  subjected  to  enormous  pressure 
under  the  mineral  strata,  whicli  gradually  settled  on  the  vegetable  mass- 
es, it  remained  inlilirated  through  the  coal,  prabably  in  a  liquid  condi-. 
tion.  During  the  operations  of  mining,  when  (his  gi-eat  pi'essure  is  re. 
moved,  it  reussumes  its  gaseous  condition,  and,  mixing  with  the  air  of 
the  mine,  creates  the  danger  of  explosion,  against  which  the  genius  of 
Humphrey  Davy  provided  by  the  construction  of  his  safety-lamp  (see  p, 
183).  Under  the  name  of  Fire-damp,  this  gas  is  known  and  dreaded 
by  the  ouners,  while  the  carbonic  acid,  which  results  simultaneously  from 
the  decomposition  of  the  wood,  and  is  known,  also,  from  its  fatal  effects 
wlion  breathed,  is  termed  Choke-damp. 

This  decomposition  of  wood  goes  on  in  every  muddy  diich.  If  the 
mud  be  stirred,  numerous  gas  bubbles  will  be  seen  to  ascend,  and  when 
colleiited  will  be  found  to  consist  of  (ire. damp  mixed  with  carbonic  acid  ; 
hence  this  gas  has  got  the  name  of  Pojid  or  Marsh  Gas.  It  is  obtained, 
however,  most  pure  by  the  decomposition  of  aceitc  acid  by  hydrate  of 
potash.  About  equal  parts  of  acetate  of  potash  and  caustic  potash  are 
to  be  well  mixed,  and  heated  in  a  hard  glass  retort  nearly  to  redness. 
The  ncetio  acid  and  water  are  simultaneously  decomposed,  CtllfOg  and 
Il.O.  producing  SCH,  and  2C.0i.  This  last  remains  combined  witli 
the  potash,  while  the  gas  which  passes  off  may  be  collected  over  water. 
'  It  is  colourless  and  transparent.  It  burns  with  a  yellow  ilame,  pos- 
sessing but  little  rlluminating  power  ;  its  sp.  gr.  is  559  ;  its  foririula  bo- 
inti  C.H^  and  consisting  of 

One  volame  of  carbon  vapoar :=8430 

Foar  volumes  of  hydrogen =a7rv3 

Forming  two  volumes  of  marsh  gas      ,    .     .    .      1 1  le  S 
Of  which  one  wei 
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Or  it  may  he  Minsidered  as  containing  one  volume  of  defiant  gas  anil  two  of  hyilro- 
fen,  condensed  to  two,  (9804+ 137  6)-^2=559. 

The  real  alomic  weiglit  of  the  marsh  gas  ia  difficult  to  determine,  aa 
it  does  not  focm  any  well-defined  com  bind!  ions.  There  is  reason  to 
suppose  it  to  be  Cji^j.  When  acted  on  by  chlorine,  it  gives  muriatic 
Bctd  gas  and  bichioride  of  carbon  (p.  498],  which  has  been  already  nO' 

Of  the  Action  of  Chlorine  on  Alcohol,  AMehyd,  Acetic  Acid,  and  the  du. 
rioxts  Kinds  of  Ethers. 

When  clilorine  gaa  is  passed  into  alcohol  not  absolutely  anhydrous,  a  heavy 
oily  liquid  is  obtained,  known  as  heaeg  Marialic  Ether  or  Chlotint  Ether.  It  is  a 
mixture  of  several  substances  in  indeterminate  proportions. 

When  the  alcolioi  is  anhydrous  and  the  gas  quite  di?,  the  action  is  definite,  and 
gives  rise  to  a  remarkable  result.  Five  sixths  of  the  hydrogen  of  the  a)(!ohol  ant 
removed,  and  are  replaced  by  three  of  chlorine,  and,  after  the  evolnlion  of  a  large 
quantity  of  muriatic  acid  gas,  a  dense  oily  liquid  is  obtained,  to  which  the  name 
of  Chlorat  has  been  given ;  its  formula  is  C4H.  .  ClaOi.  I'he  lirst  operation  of  the 
chlorine  is  to  remove  two  equivalents  of  hydrogen,  and  thus  to  reduce  the  alcohcrf 
to  the  state  of  aldehyd.  just  as  any  other  oxidizing  agent  should  have  done ;  but 
then  it  acts  on  the  hydrogen  ofthe  radical,  acetyl,  and,  expelling  it,  lakes  its  place, 
generating  a  new  compound  radical,  Acechioryl,  CaCIa-  This  is  combined  with  oxy- 
gen and  water  in  chloral,  as  acetyl  is  in  ordinary  aldehyd ;  the  rational  formula  of 
chloral  is  therefore  CiClsO.+Aq. 

■  Chloral  combines  with  water,  forming  a  crystalline  hydrate.  It  gradually  clian 
ges  into  an  isomeric  porcellaneous-looking  substance.  The  equivalent  change  of 
common  aldehjd  has  been  ■  described  (p.  654).  Wlien  chloral  is  acted  on  by  a 
solution  of  potash,  it  yields  formic  acid  and  cliloroform,  CiH,  .  Cls03  and  H.O.  giv- 
ing CaH.Oj  and  CjH.CIj. 

By  the  action  of  chlorine  on  aldehyd,  chloral  is  directly  formed. 

When  the  crystallized  acetic  acid  is  exposed  to  the  action  of  chlorine  in  bright 
euDshine,  a  substance  is  formed  which  crystallizes  in  brilliant  rliombs,  and  pos- 
sesses strong  acid  properties ;  its  formula  is  C4H.  .  CI3O4.  It  is  formed  by  the 
replacement  of  the  hydrogen  of  the  radical  acetyl  by  chlorine,  forming  thus  the 
CMoroaeetic  Add,  CiClsOB-f-Aq.  Its  salts  crystallize  with  facility,  and  have  great 
similarity  to  the  acetates.  When  the  chloroacetate  of  potash  is  heated  with  an  ex- 
cess of  potash,  it  ia  decomposed  into  caiiiunic  acid  and  cbloroturm ;  CfCljO'  and 
H.O.  giving  SC.Oa  and  OiH.Cis.  This  reaction  is  exactly  similar  to  tliat  of  the 
common  acetate  of  potash,  the  chloroform  replacing  the  pond  gas. 

When  chlorine  acts  upon  sulphuric  e'ther,  a  remarkable  series  of  bodies  ia  pro- 
duced; the  first  formed  is  a  dense  oily  liquor,  having  the  formula  C4H3  .  Cl:0., 
which,  by  contact  with  water  or  an  alkali,  is  decomposed  into  hydrochloric  and 
acetic  acids.  ScCHs  .  CUO.)  and  6H.0.  producing  6H.C1.  and  3(CjHi03).  This 
body  is  properiy,  Oierefore,  OxycldoridB  of  Acetyl ;  it  is  decomposed  by  sulphuret  of 
hydrc^n,  muriatic  acid  being  given  off,  and  an  Oxyml^htiret  of  Acetyl 'being  formed, 
which  resembles  it  in  properties. 

In  presence  of  a  great  excess  of  chlorine,  this  oxychloride  is  totally  decomposed, 
the  chlorine  entering  into  the  place  of  the  hydrogen  in  the  acetyl,  and  foiiiiing  the 
same  radical  as  exists  in  chloral  and  chluroacetic  acid.  The  substance  thus  pro 
duced  is  solid  and  crystalline;  it  bears  a  very  simple  relation  to  sulphuric  ether, 
as  its  formula  is  C.ClsO.,  being  apparently  ether,  in  which  all  hydrogen  is  replaced 
by  chlorine.     It  may  be  termed  CUonjt  Ether. 

The  action  of  chlorine  on  the  acetic  and  oxalic  ethers  has  thrown  much  light  on 
tbe  theory  of  these  bodies. 

Acetic  ether  combines  with  two  atoms  of  chlorine  and  loses  two  atoms  of  <ixy 
gen,  thus  giving  frora  OjHaOa+OaHiO., the  Chloroatstic  Etkcr,  CHjOa-V-CJIs.  CljO., 
an  oxychloride  of  acetyl,  containing  twice  as  much  acetic  acid  as  that  just  now 
described,  and  its  rational  formula  being,  therefore,  Ac.Cli-[-2Ac,03 ;  with  potash 
it  gives  chloride  of  potassium  and  acetate  of  potash. 

By  a  stream  of  dry  chlorine  gas  oxalic  ether  is  totally  converted  Into  a  mass  of 
crystaUine  plates,  which  are  tasteless  and  perfectly  neutral ;  this  body  contains  no 
hydrogen,  its  formula  being  CsClsOji^CtClsO.-J-CjOs.    It  is,  therefore,  a  comblna- 
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lion  oi  ovalic  acid  with  chlorjl  ether,  and  ia  tenned  Chloroxalic  Elher.  With  watec 
of  ammonia  it  gives  oxamide ;  by  tlie  action  uf  dry  ammonia  it  forma  a  sulistance 
also  crystalline,  which  is  soluble  in  alcohol  and  ether,  sparingly  Soluble  in  water, 
and  the  formula  of  which  is  OsHsCI; .  N.Og ;  at  the  same  time,  chloryl  ether  and 
ivater  are  evolved  ;  the  rational  formula  of  this  body,  CMaroxamelhaa,  is  at  once 
seen  by  comparing  it  with  the  oxamelhan,  formed  by  ammonia  on  oxalic  ether 
<p.  550}.     Thus, 

2  atoms  of  oxalic  ether,  C^HuiOe,  give  an  atom  of  oxaraethan,  CaH, .  N.O,. 
i  atom  of  ammonia,  N.Hj,  gives  an  atom  of  alcohol,  CjHjO.-j-Aq. 
In  like  manoer, 
2  atoms 
1  atom  of. 

The  rational  formula  of  thechkiroxamethan  is  therefore  CiCI;0. .  Ci03-J-CsOiAd. 

When  chloroxaraellian  is  dissolved  in  water  of  ammonia,  and  the  solution  evap- 
orated, crystals  are  obtained,  which  are  ClUirroxrUBviniiie  of  Ammonia,  Iheir  formula 
bdii^  CsHjClj .  N.Os,  or,  in  its  rational  form,  C^CljO.  .  CsOs+CjOa- N.H,0.  , 
identical  in  constitution  with  the  ordinary  osalovinate  of  ammonia,  except  that  it 
contains  chliiryl  ether  in  place  of  common  ether;  the  CMoroxaltminkAcid'ilaeWhita 
been  isolated ;  it  crystallizes  in  long  needles,  which  react  acid,  and  combines  with 
all  bases  to  fonn  well-defined  salts;  its  formula  is  CjOliO.  .  CaOs+CiC^Aq. 

A.  crystallographic  examination  has  rendered  the  isomorphism  of  the  ordinary 
oxamethan  with  the  cbloroxamethan  exceedingly  probable. 

The  results  of  the  action  of  chlorine  on  the  light  muriatic  ether  have  led  to  re- 
markable results.  RegnaiUt  considered  this  body  as  affording  a  test  experiment 
for  the  actual  presence  of  olefiant  gas  in  ether;  fur  if  oletiant  gas  be  Ac.H.,  and 
muriatic  ethef  be  Ac.H.  .  H.CI,  theresjilt  of  the  actiouof  chlorine  should  be  the 
same  on  both  bodies,  as  the  muriatic  acid  in  the  latter  could  not  influence  such  a 
reaction  Now,  by  aoting  on  muriatic  ether  with  chlorine,  a  series  of  bodies  is 
obtained,  isonieric  with  those  arising  from  olefiant  gas,  but  quite  different  in  prop- 
erties. Thus  there  is  lirst  formed  a  liquid,  CtHjClj ;  this  has  the  composition  of 
Dutch  oil :  next,  a  liquid  forms  whose  formula  is  C4H3CI3 ;  afterward,  bodies  con- 
sisting of  C4HiCl5  and  CjHCls,  and  ultimately  C^GU  SesqidcUoride  of  Carbon.  Now 
the  bodies  CjHiCIi  and  C4H3Clg,  as  derived  from  oteliant  gas,  are  separated  by  pot- 
ash into  CiHaCI.  with  H.CI.,  and  into  C4H1CI1  with  H.CI.  ;.but  the  bodies  C,H<Cli 
and  CjHaCla.  from  muriatic  ether,  are  not  decomposed  by  that  alkali.  I  do  not, 
however,  helieuo  in  the  indefinite  replacement  of  hydrogen  by  chlorine,  which 
Regnault  assumes,  and  look  upon  the  relation  of  these  series  of  bodies  as  being  the 
following : 

C,H4Cl,:Jc!^ra.+H,CI.  C,H,C1s=cI^3C1.4^ShsCL 

C(H3Cl3=a[C,H,Cl.)  and  H.CI.  CiHjClj. 

Cil!iCl,=3(GiH.Cl5J.  CiHsCU=:C,CUCl,42(C,HaCl3). 

OiH.GIs=C4HaCij+2cCUCl5Cl.). 
Both  these  give,  finally,  sesqui chloride  of  carbon,  CiCliCl.     The  bodies  from 
oleliant  gas,  which  contain  chloride  of  hydrogen,  are  decomposed  by  an  alcoholic 
solution  of  potash,  but  thiso  ia  which  the  chlorineiis  combined  with  an  organic 
radical  are  not  atl^cted  by  that  reagent. 

By  the  action  of  chlorine  on  mercaptan,  a  similar  series  of  products  is  obtained, 
of  which  the  terminal  body  is  CiH. .  CUS.,  consisting  of  CjHaSa+3[C4ClECl.). 

On  the  Theoretical  ConstUution  of  Alcohol,  and  tlte  Bodies  derived  from  it. 

The  theory  of  alcohol  and  the  ethereal  combioalions  is  of  the  more 
importance,  as  the  principles  of  it  regulate  our  ideas,  not  merely  concern- 
ing the  bodies  that  have  been  now  described,  but  a  vast  number  of  others; 
for  the  ordinary,  or  wine-alcokol,  is  but  one  example  of  a  numerous  family 
of  bodies,  which  resemble  it  in  all  its  general  laws  of  reaction,  with,  of 
course,  peculiarities  cbaracteri.stic  of  each  ;  thus  wood-spirit,  oif  of  po- 
tato, spirit,  and  eihal  are  alcohols. 

The  generic  properties  of  an  alcohol  are,  that  its  composition  may  be 
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Tepr^sented  by  a  hydrocarbon  isomeric  wiili  olefiant  gas,  iiiiilcd  with 
two  atoms  of  water;  that  it  gives  an  eiher,  which  contains  an  atom  of 
water  less,  and  acts  as  a  base  ;  and  that,  by  combining  ihe  hydrucarboa 
with  four  atoms  of  oxygen,  an  acid  is  formed.     Thus  we  havo, 

Alcohol,    C,H,+2H.b.        C^s+SH-b.         C,'„H,„X°3a6.        CjjHSaH.O. 
Ether,        CjHi+H.O.  CiHj-fH.O.  CoHio+H.O.  CsfliH+H.O. 

Aeid,         C4H,0.  C1H1O4  CicHioO,  .    Cj2Hs20,. 


Such  being  the  coonexion  of  the  bodies  of  this  class,  the  propositions 
ID  which  1  shall  now  proceed  to  imbody  the  principles  ot'lhe  constitiiiion 
of  the  substances  derived  from  wine-alcohol,  may  be  hereafter  immedi- 
ately applied  to  illustrate  the  history  of  the  other  alcohols. 

1.  From  the  action  of  sulphuric  acid,  of  chloride  of  zinc,  of  fluoride  of 
})oron,  of  potassium,  and  of  chlorine  on  alcohol,  it  results  that  il  contains 
an  atom  of  water  ready  formed,  united  with  sulphuric  ether ;  its  formula 
is  therefore  C^HjO.  +  Aq. 

2.  The  sulphuric  ether  is  a  base,  neutralizing  the  strongest  acids,  and 
producing  both  oxy-salts  and  haloid  salts,  perfectly  resembling  those  of 
an  alkali.  The  oxygen  in  ether  may  be  replaced  by  all  olher  elecfro- 
negative  bodies,  while  the  carbohydrogen,  C,i-I,,  remains  constant.  By 
the  conditions  laid  down  in  p.  467,  this,  therefore,  is  a  compound  radical ; 
it  is  called  Ethyl,  and  its  symbol  is  written  Ac.  Ether  is  oxide  of  ethyl, 
and  its  symbol  is  Ae.O. 

3.  By  the  action  of  oxidizing  agents,  hydrogen  may  be  removed  from 
elhyl,  and  a  new  radical,  C,Hj,  produced,  which,  by  combining  with  o.\y. 
gen,  forms  aldehyd  and  acetic  acid,  its  symbol  being  Ac.  Aldehyd  ia 
protoxide,  Ac.O.,  and  acetic  acid,  peroside  of  acetyl,  AC.O3,  both  being 
considered  free  from  water. 

4  Fiom  olefiant  gas,  by  the  action  of  oxidizing  agents,  we  cannot,  in 
any  case,  pass  to  the  series  of  bodies  contaming  HLetjl,  noi  can  we, 
by  brmgmg  olehant  gaa  m  contact  with  water  or  acids  produce  any 
form  of  alcohol  01  ether  On  llip  contrary,  the  isclhionic  acid  is  essen- 
tially distinct  from  these  acids,  which  c  "  ain  ethti,  and  yields  none  by 
any  form  of  decomposition,  olefiant  gas,  on  the  othei  hand,  gnes,  by 
the  action  of  chlorine,  a  series  of  bodits,  which  aie  quite  diffeient  frum 
those  given  by  muriatic  ether,  but  which  mdicitc  that  it  it.  itself  a  radi- 
cal, having  laws  of  combmation  peculnr  to  itself,  and  independent,  as 
Berzelius  had  already  suggested,  both  of  the  alcohol  and  acetic  series 
Its  formula  is  theiefore  C,H,,  its  symbol  El  ,  and  the  Dutch  oil  is  truly 
Chloride  of  J^layl  The  ethyl  miy  change  itself  leadily  into  elayi  by  loss 
of  hydrogen,  since  CiH5=3C3Hi  and  H  ,  and  it  i"  thus  bioken  up  when 
the  hydriodie  or  muriatic  ethers  are  decomposed  by  heat,  or  by  potash, 
or  ammonia  ,  or  when  sulphuric  ether  is  acted  on  by  an  excess  of  su) 
phuiic  acid. 

6  Although  from  the  decomposition  of  cti  ei  we  oblim  olef  ant  gas, 
or  light  oil  of  wine,  yet  as  ether  cinnot  be  in  any  wiy  le^cneraled  fiom 
these  bodies  bv  the  influence  of  water  or  othci  wise,  neither  can  the  other 
products  derived  from  ether,  as  acetic  acid,  be  pioduced  fiom  them  we 
must  abandon  the  theory  which  considtied  clhci  to  be  a  hjdiate  of  C4H„ 
and  considei  it  simply  as  an  organic  base,  the  o-^ide  of  elhyl 

6.  By  the  action  of  chlorine  on  the  ethereal  compounds  and  on  ole- 
fiant gas,  radicals  are  generated,  which  arc  precisely  equivalent  to  the 
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tnree,  ethvl,  acely!,  and  elayl,  but  which  contain  chlorine  in  place  of  hy- 
drogen, their  formulfe  are  C4Clj,  CIA- and  CiClj.  Tliis  Itisi  is  the  pro- 
tochloride  of  carbon,  already  described;  ihe  first,  ^cecAforj/,  exists  in 
chlorulJehyd  and  in  chloroacutic  acid ;  the  second,  Etkcldoryl,  oxisla 
combined  with  oxygeti  in  chloryl  ether,  which  nets  as  a  base  similar  to 
common  ether  towards  the  oxahc  and  acetic  acids.  In  contact  witli  an 
excess  of  chlorine,  it  brealis  up,  as  ethyl  does,  into  defiant  gas  and  hy. 
drogt^n,  into  the  protoch bride  of  carbon  and  chlorine,  and  thiis  the  ulti- 
mate result  is  the  sesquichloride  of  carbon,  C^CI,. 

7.  The  aeries  of  bodies  formed  by  the  action  of  chlorine  on  elayl  and 
on  chloride  of  ethyl,  are  double  combinations  of  bodies  containing  the 
hydrogen  and  chloriae  radicals,  and  hence  results  their  isomerism.  Thus 
the  body  {C.HjCl,),  from  elayl,  consists  of  aH,CI.+aCl,CI.,  while  the 
body  (O^HjCl,),  from  the  muriatic  ether,  is  really  aiC^l-ljCy+C^CIaCla. 
The  body,  C^HjCl.,  from  elayl,  is  3(CsHj)4-C,Cl,. 

8.  The  relation  of  acetyl  to  ethyl  is  simply  that  of  internal  constitu- 
lion,  described  in  p.  497.  For  as  benzoic  acid  contains  benzoyl,  ChHsOj, 
while  this,  again,  contains,  as  radical,  the  carbohydrogen,  CuHj,  so  ethyl, 
CiHj,  contains  within  ii,  ready  formed,  the  radical  acetyl,  and  its  formula 
might  be  still  more  correctly  written  as  AcH^.  This  is  simply  shown 
by  the  action  of  chlorine  on  ether,  where  C,Hs.  HjO.  becomes  first 
CitJ, .  CljO.,  and  subsequently  changes  to  C,Clj .  CljO. ;  the  intermediaie 
compound,  AcClj,  relating  itself  to  the  oxygen,  as  the  sulphurous  acid, 
S.Oi,  or  the  benzoyl,  CnHj^Qi,  in  the  sulphuric  and  benzoic  acids.  Al- 
though the  connexion  of  these  two  radicals  is  thus  analogous  to  that  of 
amidogen.  Ad.,  and  ammonium,  Ad.H,=Am.,  yet  a  broad  line  of  distinc- 
tion is  drawn  between  the  ammonia  and  ether  theories,  by  the  very  defi. 
nile  character  of  other,  oxide  of  ethyl,  as  contrasted  with  the  hypothetic 
oxide  of  ammonium ;  and,  on  the  other  hand,  there  does  not  appear  to 
be  any  acelylide  of  hydrogen  corresponding  to  ammonia,  the  amidide  of 
hydrogen,  for  the  assumption  of  defiant  gas  as  being  that  body  is  not 
based  upon  sufficient  evidence. 

Secondary  Products  of  the  Alcoholic  Fermentation, 
I  hate  already  noticed  that,  besides  the  carbonic  acid  and  alcohol  which  are  de- 
rived from  tiie  sugar,  other  bodies  are  evolved  in  minute  quantities,  and  by  tlieit 
odour  and  taste  characterize  the  spirit  obtained  from  particular  vegetables.  Thus, 
in  the  fermentation  of  grape-juice,  (Eaanlkic  Elher  is  produced  :  in  the  spirit  dis- 
tilled from  potatoes,  a  pecutiar  oil  is  found ;  and  in  the  fermentation  of  malted  corn, 
both  of  these  bodies  are  generated,  besides  a  third,  to  which  the  name  of  OUaa 
Silicum,  or  Cora  OU,  has  been  given. 

The  (Eaaatkie  Elher  is  a  thin,  colourless  liquid,  of  an  almost  stupifying  odour  of 
wine,  as  to  it  the  peculiar  bmquet  of  wine  is  due ;  its  specific  gravity  is  O'Sns ;  it 
boils  at  445°  ;  when  heated  with  caustic  soda,  it  evolves  alcohol,  and  forms  lenan- 
thate  of  soda,  from  which  the  (Enemlhic  ArM  may  be  separated  by  muriatic  acid. 
This  is  a  white  crystalline  snlid,  which  melts  at  SS°,  and  distils  o'/ei  at  660°  un- 
clianged ;  its  formula  is  CuHisO^;  it  combines  with  water,  forming  a  thick  oil, 
wiiich  sniidifies  only  at  65°,  is  tasteless  and  inodorous,  but  reddens  litmus  sensibly. 
The  formula  of  the  ether  is  Ae.O.+CijHi30a ;  it  is  remarkable  as  the  only  ether 
thai  exists  as  a  natural  product,  but  it  may  also  be  formed  artificially  hy  means  of 
alcohol  and  <enanthic  acid. 

Tlie  Corn  OU,  of  which  the  formula  is  C«Hai04,  is  lighter  than  water,  of  a  very 
penetrating  odour,  a  biting  taste,  and  cannot  he  distilled  without  partial  decompo- 

The  Oil  of  PolatO'Spirit  has  become  of  much  interest,  from  the  discovery  that  it 
gives  rise  to  a  series  of  ethereal  combinations  similar  to  those  of  wine  alcohol^  the 
came  atAmlk  Alcokol  may  be  applied  to  it ;  it  is  colourless,  oily,  its  odour  at  fiiat 
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bums  with  a  blue  flame 

t  freezes  at  4",  and  boils  at  294°  ;  it  dissolves  in  alcohul  and 

CioHiaOi.    In  tliia  alcoliol  a  compound  radical  h 

CidH|]  i  its  syniWl  is  Ayl.,  and  it  is  combined 

Vq.,  as  ethyl  is  in  wine-alcohol. 

The  Amitic  Ether,  Ayl.O.,  is  not  known  except  in  combination  with  acids ;  ita 

bieulphate,  or  Sulpli-amilk  Acid,  is  obtainpd  by  acting  on  amilic  alcuhol  with  oil 

of  vitriol  i  its  formula  is  Ayl.O, .  S.Or^-S.Os .  H.O. ;  ils  barytes  salt  crystallizes  in 

pearly  plates,  colourless,  very  soluble  in  water  and  alcohol.    This  salt  is  deeoni- 


Acetale  of  Amilyl,  Ayl.O.+Ae.Oj,  is  easily  fornied  by  distilling  acetate  of  potash, 
oil  of  vitriol,  and  amilic  aJcoliol ;  it  is  a  volatile,  colourless  liquid,  which  boila  at 
357°.     The  Oadale  of  Armlyl  may  be  similarly  formed. 

By  distilling  amilic  alcohol  with  glacial  phosphoric  acid,  a  colourless  aromatic 
liquid  is  oblaiued,  having  the  formula  CmHio.  It  is  in  this  series  what  defiant  gas 
is  in  Chat  of  the  wine-alcohol;  it  is  termed  jmiicnc;  thesp.  gr.  of  its  vapour  is  4918. 

Vaiaiioac  Acid. — CioHioOf.  When  the  amilic  alcohol  is  exposed  to  the  air,  il  ab,- 
sorbs  oxygen,  but  its  oxidation  is  more  rapidly  effected  by  heating  it  with  caustic 
potash.  By  a  loss  of  hydrc^en.  and  absorption  of  oxygen  precisely  similar  to  that 
by  which  wine-alcohol  forms  acetic  acid,  it  produces  a  volatile,  oily  acid,  remarkahie 
as  naturally  existing  in  the  roots  of  the  Valeriana  officinalis,  and  being  extracted 
therefrom  by  distillation  ;  it  is  lighter  than  water ;  it  boils  at  347°,  and  neutralizes 
bases,  forming  soluble  sweet-tasted  salts ;  it  must  be  considered  as  containing  a 
radical  analogous  to  acetyl,  valeryl,  ^CioHg  or  VI.,  and  its  formula  becomes  VI.Os 
+Aq. 

When  valerianate  of  lime  is  heated,  carbonate  of  lime  is  formed,  and  a  volatile 
liquid  like  acetone  distils  over ;  it  is  termed  Valeton,  CioHsOj  giving  C.Oa  and 
CbHjO.  The  roots  of  the  walerian  contain,  besides  the  valerianic  acid,  another  oil 
destitute  of  active  properties. 

By  cautiously  treating  amilic  alcohol  with  sulphuric  acid  and  chromate  of  potash, 
an  oily  liquid  is  obtained,  which  is  Valsrianic  Aldehyd,  CkJTioO:  or  Al.O.-^-Aq.  By 
an  excess  of  chromate  of  potash  it  is  changed  into  valerianio  acid. 

Treated  with  chlorine,  the  amilio  alcohol,  and  the  various  amilic  Pthers.  as  well 
as  the  valerianic  acid,  give  new  products,  which  contain  chlorine,  and  are  constitu- 
ted according  to  the  same  principles  as  have  been  fully  described  for  winc-aloohoi 


CHAPTER  XXII. 

OILS,   CAMPHORS,   AND  HE  SINS. 

The  bodies  now  to  be  described  constitute  thrqc  group.?,  very  closely 
allied  in  composition,  in  propertie.s,  and  in  origin.  For  the  most  part 
tliey  exist  ready  formed  in  plants,  as  secreted  by  their  proper  organs,  or 
they  are  derived,  by  reactions  of  a  very  simple  kind,  from  substances  so 
circumstanced,  Tliey  are  employed  in  medicine  for  their  aromatic  and 
stimulant  properties,  and  in  the  arts  for  the  manufacture  of  a  variety  of 
perfumes,  varnishes,  lacquers,  &c. 

A.  Of  the  Essential  or  Volatile  Oils. 

These  oils  are  so  named  from  their  solubility  in  alcohol,  such  solutions 
being  called  essences,  &ad  from  their  volatility.     In  virtue  of  this  last  prop. 
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urty,  they  are  generally  obtained  by  the  distillation  of  the  plnnls  with  water. 

If  tiie  oil  were  esiracted  by  the  distill 

alion  of  the  dry  plant,  the  heat  would 

rise  ao  high  as  to  destroy  its  odour 

and  alter  its  composition;  but,  by 

using  a  large  q       ft)    f             tl 
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5,  force  fd 

1st  Class. — Oils  fornang  Acids  not  pre-existing  in  the  Plant, 
Of  Amygdaline  and  Oil  of  Bitter  Almonds. 

All  plants  which  yield  prussie  acid  on  distillation  produce,  at  the  same 
time,  a  volatile  oil,  which  is  known  as  the  Oil  of  Bitter  Almonds,  it  being 
most  abundantly  obtained  from  that  fruit.  'I'he  leaves  of  the  cherry.lau- 
rel,  peach. It ernela,  &c.,  also  yield  it.  The  oil  and  the  acid  both  arisn 
from  the  decomposition  of  another  substance,  Amygdaline.  This  is  pre- 
pared by  bruising  bitter  almondi  ani  pressing  them  stiuigiy  between 
plains  of  hot  iron,  to  force  out  the  fi\ed  oil ,  the  residue  is  iieated  by 
alcohol  of  93  percent.,  and  the  solution  evaporated  in  a  water  bath  to 
the  consistence  of  a  sirup ;  th  s  is  the  i  d  luted  with  w  iter,  and  a  little 
yeast  added,  which,  by  inducing  feimeitation  dt&liojs  a  quantity  of 
sugar.  When  this  is  over,  the  I  quor  is  to  be  agiin  evaporatbd  lo  a 
sirupy  consistence,  from  which  the  amygiahne  is  precipitated  by  the 
addition  of  cold  strong  alcohol,  in  which  it  is  scarcely  soluble;  being 
dissolved  in  boiling  alcohol,  it  is  finally  obtained  pure  by  crystallization. 

The  formula  of  amygdaline  ia  C^Vt^, .  N.Oja  ;  it  forms  short  silky  nee- 
dles, which  are  anhydrous,  tasteless,  and  inodorous ;  it  is  very  soluble  in 
water,  and  crystallizes  therefrom  in  large  colourless  prisms,  containing 
6  Aq.  By  contact  with  nitric  acid  it  produces  ammonia,  oil  of  bitter 
almonds,  benzoic  and  formic  acids,  and  by  caustic  alkalies  it  is  decom- 
posed into  ammonia  and  Amygdalic  Add,  C^Hj^Oa+Aq. 

When  bruised  bitter  almonds  are  distilled  with  water,  all  amygdaline 
40 
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disappears,  and  a  numbur  of  products,  as  prussic  acid  anil  voliil 
are  evulveil.     Pure  ainygdalioe  jriny,  huwevcr,  be  bulled  in  wuie 
out  being  altered.     It  U  ilie  animo-vageliil  principle  wiiich  c 
'muss  of  tliQ  ciildyd^iii  of  dm  almond  Uiat  indue 

beofl  culled  Emulsitte,  and  appears  very  similar  m  properties  and  cori- 
stiiuiion  to  the  vegetable  albumen  or  lej,'umine,  described  us  the  active 
principle  in  the  alcobolie  fermentation,  (See  p.  538.)  Tbo  emulsine 
js.solublu  in  water,  but  insoluble  in  alcohol.  If  solutions  often  parts  of 
aniygdaline  in  100  of  water,  and  1  of  emulsine  in  10  of  water,  be  mixed, 
iinmediate  decomposition  occurs;  the  liquor  becomes  milky,  smells  of 
bitter  ulmouds ;  it  contains  sugar,  prussie  acid,  formic  acid,  and  volatile 
Ml,  and  the  emulijiue  coagulates.  It  ia  most  probable  that  the  emulsine 
.s.  itself  also  decomposed  in  this  reaction,  but  we  may  explain  the  origin 
.»f  tliese  bodies  from  the  nmygddine  alone  thus: 

1  equivalent  of  prussie  acid,  C2H.N.,    ■\ 

2  "  volatile  oil,  G.tlinO,,  \ 
i  "  sugar,  CsHiOi,     ; 

3  "  formic  acid,  CiH^O* 
7  «  water,  H7O,,        ) 

ill  the  cotelydon  of  ibe  almond,  the  amygdaline  and  emulsine  are  in 
distinct  cells,  and  have  no  means  of  acting  00  each  other,  but  when  bruis- 
ed in  water  boiii  dissolve,  and  decomposition  immediately  occurs.  The 
preparation  of  the  oil  by  distillation  can  hence  be  fully  understood. 

The  mixture  of  amygdaline  and  emulsine  has  been  employed  as  a 
means  of  producing  a  prussie  acid  of  standard  strength  for  medicinal 
purposes. 

Oil  of  Jhller  Ah/ionds.     Hydi  iirel  of  Ben^jl 

Prepared  by  distilling  biuisLd  bittei  almonds  with  water.  In  this 
rough  state  it  contima  a  great  quantity  ol  prussie  acid,  from  which 
it  is  freed  by  distillation  with  some  watei,  chloride  of  iron,  and  lime. 
It  is  then  colourless,  of  a  strong  peculiar  smell,  sp,  gr.  1-043  ;  it  boils 
at  858° ;  when  exposed  to  the  an  it  absorbs  oxygen,  and  forms  crystals 
of  benzoic  acid  ,  when  heated  with  liydiate  of  potash,  hydmgen  is  evolv- 
ed, and  benzoate  Of  potash  foimed.  The  formula  of  this  oil  is  CuH^Oij 
but,  from  theseiies  ol  compounds  to  winch  it  gives  rise,  it  is  believed  to 
contain  an  organic  radical.  CijHiOj,  termed  Benzyl,  and  its  rational  for- 
mula is  therefore  Bz.H.     (See  p.  411.) 

Chloride  of  Benzyl,  Bz.CI.,  is  formed  by  acting  on  the  hydniret  with 
chlorine.  It  is  a  liquid  heavier  than  water;  it  boils  at  383°;  when 
heated  with  water,  it  gradually  changes  into  benzoic  and  muriatic  ocida. 
By  beating  chloride  of  benzyl  with  iodide  of  potassium,  loiUde  of  Bentyl 
ia  formed ;  and  by  using  the  bromide,  sulphuret,  or  cyanide  of  potassi- 
um, compounds  of  benzyl  with  these  elect  ro-ncga live  bodies  may  be 
formed. 

Amidide  of  Benzyl,  Benxamide,  Bz.Ad.,  is  formed  by  acting  on 
chloride  of  benzyl  with  dry  ammonia,  3(H.Ad.)  and  Bz.CI.  give  Bz. 
Ad.  and  Ad.H.  .  H,CI.  ;  it  forms  rhomboidal  prisms,  which  melt  at 
240°,  and  may  be  distilled  unaltered;  heiited  with  potash,  it  gives  am- 
monia and  benzoato  of  potash. 

Oxide  of  Benzyl.  Benzoic  Acid. — Bz.O.-J-Aq.  This  acid  is  found 
ready  formed  in  the  resin  of  benzoin  and  in  dragon's  blood  ;  it  some- 


b,  Google 


COMPLEX     BENZOIC     COMPOUNDS.  571 

times  flpfieai's  in  the  urine  of  herbivorous  animals,  and  is  furmoil  by  ihe 
oxidation  of  oil  of  bitter  almonds  and  uf  umygdaline. 

The  following  prooesa  for  obtaining  it  pure  was  devised  at  ihc  same 
time  by  iUohi-  and  Hennell  i  1  lb.  of  benzoin  resin,  in  powder,  is  to  be 
spread  on  tlie  bottom  of  a  melal  dish,  elglit  or  nine  indies  diameter,  aad 
two  inches  deep,  which  is  to  be  covered  with  a  drum  of  blotting  pa|ier, 
pasted  to  the  edge  of  the  dish  ;  the  whole  is  to  be  covered  with  a  cylin- 
drical cap  of  scout  packing  paper.  To  render  the  heal  nnilbrm,  ihodisli 
is  to  be  placed  on  a  metal  plate,  covered  with  sand,  resting  on  a  furnace  j 
heat  being  cautiously  applied  for  three  or  four  hours,  the  cap  is  found 
full  of  splendid  crystals  of  benzoic  acid  ;  the  ompyrcumalic  oil,  which 
usually  contaminates  the  sublimed  product,  being  arrested  by  thedeum 
of  blotting  paper,  ihrouyh  which  the  vapour  of  the  acid  passes  freely. 

It  may  also  be  extracted  from  the  resins  by  boiling  these  with  lime ;  a 
soluble  benzoate  of  lime  is  produced,  from  which  the  benzoic  acid  is  pre- 
cipitated by  the  addition  of  muriatic  acid  ;  it  is  then  to  be  dissolved  in 
boiiiog  water,  and  allowed  to  crystallize  by  cooling  slowly. 

Benzoic  acid  crystallizes  in  hexagonal  needles ;  when  pure,  it  is  ino. 
doi^us ;  it  reddens  litmus  feebly  ;  melts  at  248° ;  the  fused  add  boils  first 
at  462°,  but  it  sublimes  freely  at  293°  ;  it  dissolves  in  25  parts  of  boiling 
water,  but  requires  200  parts  of  cold  water  for  its  solution  ;  it  is  soluble 
in  twice  its  weight  of  alcohol  or  ether ;  it  forms  a  very  extensive  series 
of  salts,  of  which  few  require  special  notice. 

Bensoate  of  Li'me.Ca.O. .  Bz,0.+Aq., crystallizes  in  brilliant  prisms; 
at  a  dull  red  heat  it  is  decomposed  into  carbonate  of  lime  and-  Bensone, 
the  formula  of  which  is  C|,HsO.  Another  liquid,  Benzin,  CijfJj,  is  at  the 
same  time  formed  by  virtue  of  a  much  more  complex  process,  noplhaline, 
carbonic  acid,  and  carbonic  oside  being  evolved. 

Bentoale  of  Ammonia,  KA.U^O.  .  Bz.O.,  crystallizes  in  brilliant  plates. 
This  salt  is  employed  in  mineral  analysis  to  separate  iron  from  manga- 
Dese  ;  a  solution  of  peroxide  of  iron,  not  containing  any  excess  of  acid, 
being  completely  precipitated  by  neutral  benzoate  of  ammonia,  while  the 
salts  of  manganese  are  not  affected  by  it. 

Bemoale  of  Silver,  Ag.O,  .  Bz.O.,  is  obtained  by  double  decomposi- 
tion ;  crystallizes  from  a  boiling  solution,  on  cooling,  in  brilliant  colourless 
needles. 

Formoienzoic  Acid. — H.Bi.-l-Fo.Oa-  If  water,  saturated  with  the  impure  oil  of 
bitter  almonds,  be  mixed  with  muriatic  aeid  and  evaporated,  tliis  sabstanee  crystal- 
lizes. The  pmssic  acid  is  decomposed  into  formic  aeid  aad  ammoaia  (p.  617).  and 
the  nasceat  formic  aaid  cnnil>iues  with  the  hjdruret  of  heazyl ;  in  this  l>ody  all  the 
saturating  power  of  the  formic  acid  is  preserved. 

If  a  current  of  chlorine  be  passed  throngh  a  solution  of  impure  oil  of  hitter  al 
monds  in  water,  a  similar  body  is  formed,  consisting  of  benzoic  acid  atyl  liydruret 
of  benzyl,  BZ.H.+BZ.O. 

Sulphobertzak  Acid.— CiJli03-{-SiOs-\-2  Aq.  This  body  is  formed  by  the  action  . 
of  dry  snlphuric  acid  on  benzoic  acid. .  A  viscid  mass  results,  which,  when  neutral- 
ized bj  barytea,  yields  a  salt  permanent  in  the  air,  cryBtalHzfng  in  rhomhoidal 
prisms,  and  having  the  formula  Ci4H803+SaOj-[-SBa.O.-1-3  Aq.  From  this  the 
pure  acid  may  be. obtained;  it  is  decomposed  if  its  solution  be  boiled,  but  when 
evaporated  in  vacuo  it  crystallizes.  The  sulphobenaoate  of  copper  crystallizes  in 
large  rhombs  of  a  rich  blue  colour. 

Brmwoicnioie  Acid,  CssHj .  Br.0s-(-3  Aq.,  is  fbrmed  when  benzoate  of  silver  is  dt. 
composed  by  bromine.  It  is  ft  crystalline  solid,  very  soluble  in  water,  fuses  at  SIS", 
and  sublunes  at  482°  ;  its  salts  are  all  soluble,  and  contain  two  atoms  Of  base. 

Of  the  liquids  produced  by  the  distillation  of  benzoate  of  lime.  Benzene,  CisHsfti 
does  not  form  any  compounds ;  but  Benzin,  CjaHa  produces  with  sulphuric  acid. 


b,  Google 


572  OIL     OF     CINNAMON, 

nitric  acid,  and  chlorine,  a  series  of  bodies,  of  vhicli  the  formulie  alone  need  ba 
here  given  ;  they  are, 

Hulpnobenziile,  CigHj.S.Oz,  Clilorbenzin,  ChHsCIb. 

Sulphobenzidic  acid,  dgHi.SzOj.  Chlorbenzid,  CnHaC]}. 

Nitrohenaide,  CisHs .  N.O4.  Azobenzid,     CiHcN. 

I  shall  have  occasion  Co  refer  to  benzin  as  a  product  of  llie  distillatian  of  resin 
and  coal.  It  is  colourless,  of  an  agreeable  ethereal  odour ;  it  boils  at  187°  ;  its 
specific  gravity  is  0-85 ;  that  of  its  vapour  is  2378  ;  al  33°  it  freezes  into  a  crystal- 
line mass,  which  welts  first  at  i3°. 

Oil  0/  Bitter  Almonds  vrilk  Amtaoma. — By  the  action  of  water  of  ammonia  on  hy* 
dniret  of  benzyl,  all  oxygen  is  removed,  and  a  crystalline  hody,  Hydrobemamidt, 
produced ;  Its  formula  is  C,iHisNi.  ll  is  soluble  in  alcohol,  and  by  nulling  the  so- 
lution is  decomposed  into  ammonia  and  hydruret  of  benzyL  The  nitrogen  here  en- 
ters^nUi  the  constitution  of  the  radical,  replacing  the  oxygen,  and  the  body  is  Hy- 
druret of  Asobenzyl  (C„Hs .  |NH-H.  ThU  azobenzyi  is  itself  also  formed  in  tfie 
same  process  as  the  former,  and  also  the  Aso/tensoilic  Acid  (CnHs .  ^N.)-(-iN.,  which, 
is  benzoic  acid,  in  which  all  oxygen  Is  replaced  by  nitrogen.  The  origin  of  these 
bodies  is  explained-  by  the  constitution  of  tbe  radical  benzyl,  as  described  in  p.  4TI. 

In  the  Impure  oil  of  bitter  almonds  a  substance  exists,  termed  BcnsoiKe,  which  ia 
isomeric  with  the  oil,  its  formula  being  CnHjOa ;  it  cryst^lizes  in  colourless  prisms. 
By  potash  it  gives  benzoic  acid  and  hydrogen  {  by  ammonia  it  liinns  a  substance 
isomeric  with  Hi/drobemamide.  By  chlorine  it  gives  muriatic  acid,  and  in  place  of 
chloride  of  benzyl,  a  crystalline  body,  which  is  isomeric  with  that  radical,  its  form- 
ula being  Ci4H;C^ ;  this  is  termed  Benzml :  when  heated  with  potash  it  gives  the 
Bemoilic  Acid,  which  has  the  formula  CjjHiiOii-l-Aq. 

By  acting  on  oil  of  bitte  Im  d  w  h  solution  of  sulphuret  of  ammonium  in 
alcohol,  Laurent  has  obtain  d  es    fb  d     ,  in  which  the  oxygen  of  the  radical 

benzyl  is  replaced  by  sulph  d       som        ses  partly  by  sulphur  and  partly  by 

azote ;  there  should  thus  be  S  Iphabenxijl  (0  HjSil,  corresponding  to  the  azoben- 
zyl.  It  is  unnecessary,  in  I  m  t  ry  w  k,  to  enumerate  the  individual  sub- 
stances, but  I  took  upon  th  f  rm  orroborating  very  mnch  Berzehus's 
idea,  that  the  true  radical  fib  se  es  is  tbe  carbohydrogen,  CuHj,  and 
that  the  chloride,  &c.,  of  be  yl  Uy  ychlorides,  &c.  (See  p.  471.)  Cer- 
tainly the  element  which  r  truly  nt  in  those  reactions  (and  hence  sat- 
ishes  the  deHnition  of  a  radical,  p.  467)  is  Ci^He,  and  not  Ct4Hs09. 
Oil  of  Cinnamon  and  tfie  derived  Compounds, 

This  oil  is  found  in  the  bark  and  flower-buds  of  tiie  laurus  cinnamomum  and  laa- 
rus  cassia.  It  is  heavier  than  water,  and  possesses  the  odour  of  the  pla.nt  in  the 
highest  degree.  It  boils  at  428°  ;  its  formula  Is  CjoHuOa,  and  for  distinction  I  shall 
term  it  the  a  oil.  When  exposed  to  the  air  it  absorbs  oxygen,  and  forms  another 
oil,  which  is  that  generally  found  in  tbe  shops,  the  ji  oil,  the  formula  of  which  is 
CisHbOj.    Two  resins,  a  and  fi,  are  at  the  same  time  produced. 

■I  iinmo  nCn  .^;i  ^n  IT  ci    ,  ("o  rGsiu,  ^^CmHisOj, 

>i  atoms  01  <i  on,  ^OeoElaaUG, )  ^  ypnln C   H  O 

absorbing  '>  produce  ^  g    ..     ■  Zc'^jj^o^' 

6  atoms  of  oxygen,  =0„       S  \P  "iljmB  ^^aieV,  "hjOj. 

The  j}  oil  of  cinnamon,  although  thus  only  a  product  of  the  decomposition  of  the 
true  oil,  is  very  important,  from  the  variety  of  compounds  it  gives  rise  to.  It  is 
heavier  than  water  i  it  dissolves  in  water  of  potash  or  of  barytes,  a  cinnamatc  ol  the 
base  being  formed,  and  an  oil  lighter  than  water  separating,  S(C,sHeOg)  and  H.O. 
giving  CigHioOa  and  C1BH7O3.  Tbe  properties  of  this  oil  indicate  that  it  contains 
an  organic  radical,  Cinnantyl,  C.sHiOi,  united  to  hydrogen.  It  is  Hydruret  of  Cin 
namyl,  Cl.H.,  and  the  oil  lighter  than  wafer  is  Ci.Ho. 

Ciimamie  Atcid,  Ci.O,-|-Aq,,  is  formed  by  exposing  the  hydruret  of  cinnamyl  to 
the  air ;  it  absorbs  two  atoms  of  oxygen,  and  finrns  crystallized  cinnamic  acid.  It 
forms  colourless  groups  of  plates  of  an  acid  taste ;  it  is  almost  insoluble  in  water, 
hut  easily  soluble  in  alcohol  and  ether.  It  melts  at  364°,  distils  over  at  554°  un 
changed.    Its  salts  are  exceedingly  similar  to  the  benzoates. 

Hydruret  of  cinnamyl  combines  directly  with  muriatic  acid,  with  nitric  acid,  and 
with  ammonia,  forming  compounds  which  are  solid  and  crystalline.  Their  formula 
are  Ci.H.  .  H.CL,  Ci.H.  .  H.Ad.,  and  Ci.H,  ,  H.O.+N.Os.  By  chlorine  one  half 
of  the  hydrogen  of  this  (i  oil  is  removed,  and  a  white  crystalline  body  formed,  Cy 
Hi ,  CliOi.    The  chlorine  here  enters  into  the  constitution  of  the  radical. 
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,  Oil  of  cinnamnn  combines  with  iodidn  of  poiassium  anil  iodine  to  form  a  aiib- 
elanoe  wiiiolt  crystalliMS  in  large  needles  of  a  brilliant  bronae  colour,  lilte  perman- 
ganate of  polasli.  Its  formula  13  Ci.H.Ij-l-K.I.  Once  formed,  it  is  clecoiaposed  bv 
water.    It  was  discovered  by  Moore,  of  Dublin,  and  analyzed  by  Apjolin. 

Tlie  origin  of  the  Balaicau  of  Feni  and  Tolu  is  closely  related  to  tlie  oilof  oinna- 
mon.  Tbey  consist  of  resinous  snl>5tances  (the  a  and  p  cinnamic  resins  1),  and  of 
an  oil  which  may  be  obtained  pure  by  ciistillatiou.  It  is  called  Cinnanieine ;  its  for- 
mula is  CigHaO^^  being  isomeric  with  the  3  oil  of  cinnamon.  It  13  neulrat ;  but 
when  its  alcoholic  solution  is  boiled  with  potash,  it  Tonns  ciiinamate  of  potash ;  or, 
by  simple  boiling  of  its  alcoholic  solution,  Ciimamic  Echer  is  produced,  and  another 
oil,  Permhte,  is  separated,  the  formula  of  which  is  OibHi;Oj.  In  these  cases  three 
atoms  of  cinuameine  and  two  of  water  produce  two  atoms  of  dry  cinnamic  acid 
andoneof  peruVine. 

These  researches  oa  the  nature  of  the  balsams  are  due  to  Fremy ;  hut  Richter 
has  advanced  that  the  balsam  of  Peru  contains  two  oils,  which  he  terms  MyHo- 
spermine  and  Mi/roxi/lme,  the  relation  of  which  to  peruvine  and  cinnanieine  is  not 
yet  established. 

By  the  action  of  an  excess  of  nitric  acid,  both  oil  of  cinnamon  and  cinnamic  acid 
ore  converted  into  oil  of  bitter  almonds  and  benzoic  acid. 

Oil  of  Cloves,  Eugenic  Acid,  ^c. 

The  oil  obtained  by  distillation  from  the  undeveloped  flower-buds  of  the  eugenta 
caryophyllata  is  a  mixture  of  several  bodies.  By  the  action  of  potash,  it  issepara 
ted  into  a  volatile  oil  which  does  not  possess  active  properties,  is  lighter  than 
water,  and  consists  of  CioHj,  while  a  eugenate  of  potash  dissolves.  From  this 
solution  the  Eugenic  Acid  is  precipitated  by  any  strtmg  acid. 

Eageidc  Acid,  Heavy  Oil  of  Cloves,  OaiHisOi,  is  a  eolouriess  oil,  sp.  gr.  1-079';  it 
boils  at  470° ;  its  taste  and  smell  are  those  of  cloves.  It  forms,  with  the  metallic 
osides,  well-defined  aalts,  most  of  wliich.  are  soluble  and  cryslaliizabie. 

When  the  common  oil  of  cloves  is  kept  for  some  time,  it  deposites  a  crystalline 
substance,  Caryophylline,  O^HjbOj  ;  it  is  soluble  in  alcohol,  insoluble  in  water.  It 
IS  volatile,  from  water  distilled  with  clones  a  different  body  separates  in  pearly 
scales,  having  the  furmda  O10H11O4.    It  ts  called  Eagcniac. 

The  eugenic  acid  and  eugenine  are  rendered  blood-red  by  contact  with  nitric  acid. 

The  L^lit  Oil  of  Cloves  has  sp,  gr.  =0  918  ;  it  boils  at  337°. 

Oil  of  Spirma  XJlmaria.     Salicide  of  Hydrogen, 

The  oil  distilled  from  the  flowers  of  the  meadow-sweet  is  a  mixture  of  a  light 
and  of  a  heavy  oil,  with  a  solid  body  hke  camphor.  The  heavy  oil  is  of  much  in- 
terest, from  the  number  of  compounds  which  it  forms,  and  from  our  heing  able  to 
form  it  at  will,  although  from  a  body,  salicine,  which  has  not  been  found  to  exist  in 
the  spiriea.  Tlie  impure  oil  of  spiriea  is  purified  hy  adding  potash,  by  which  the 
light  oil  is  separated,  and  Salicide  of  Polaasiam  formed,  which,  when  aeted  on  by 
sulphuric  acid,  yields  the  Salidie  of  Hydrogen  pure. 

To  form  it  arttflciaily,  equal  parts  of  salicine  and  bichromate  of  potash  are  to  be 
distilled  with  2^  parts  of  oil  of  vitriol  and  30  of  water.  There  is  heat  evolved  and 
niuch  gas  disengaged ;  on  then  distilling,  the  heavy  oil  passes  over.  Two  atoms 
of  dry  salicine  {C4aHiiOiB),  Without  any  oxygen,  might  yield  three  atoms  of  oil, 
3{CuHoOj),  and  six  of  water ;  but  the  reaction  is  far  more  comphcated  in  reality, 
as  four  parts  of  salicine  yield  but  one  of  oil. 

The  properties  of  this  oil  show  it  to  he  a  compound  of  a  radical  (CnHjOi),  Sali- 
cyle,  Syl.,  with  hydrogen ;  it  acts  as  a  hydracid  in  combining  with  metallic  oxides ; 
its  specific  gravity  is  1173 ;  it  boils  at  380°.  The  specific  gravity  of  its  vapour  is 
4S60,  In  this  and  in  cnmpositiun  it  agrees  with  crystallized  benzoic  acid,  with 
which  it  is  isomeric.  The  alkaline  Salicidea  are  soluble  and  cry  stall  izable ;  those 
of  lead,  Bine,  and  mercury  are  Insoluble.  If  a  solution  of  any  salicide  be  mixed 
with  a  solution  of  a  sesqui-salt  of  iron,  the  liquor  assumes  a  fine  purple  colour,  by 
which  the  oil  is  well  characterized. 

When  salicide  of  hydrogen  is  heated  with  caastio  potash,  hydrogen  is  evolved, 
and  Salicylic  Acid,  Syi.O.,  formed;  the  potash  salt  being  dissolved" in  water,  and 
muriatic  acid  added,  the  new  acid  is  precipitated,  and  is  purified  hy  recrystalliza- 
tion ;  it  dissolves  in  boiling  water ;  it  may  be  sublimed,  and  condenses  in  long 
needles,  like  benzoic  acid;  it  possesses  the  usual  acid  properties;  its  salts  are 
"y  soluble,  and  resemble  closely  the  benioates. 
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By  the  action  of  chlorine  on  salicide  of  lijdrogen.  ChlortSe  of  Saliei/!e  [s  formeil, 
S;1.C1. ;  it  crystallizes  in  rhomboidai  tallies,  which  melt  and  sultlime  undecom- 
posed ;  bromine  and  iodine  give  similar  compounds ;  wiili  nitric  acid  it  produces 
Nitrosaiici/lic  Add,  Syl.N.Oi,  whioli  crystallizes  in  long  prisms,  and  unites  with 
bases  forming  salts. 

The  connexion  of  salicyl  with  benzyl  is  very  remarkable ;  they  contain  the  sama 
hydrogen  and  carbon,  Ci^H^  but  it  is  combined  in  salicyl  with  4,  and  in  benzyl  with 
but  a  atoms  of  oxygen.  By  the  action  of  ammonia  on  the  chloride  of  salicyl  and  on 
the  oil,  this  relation  is  more  clearly  shown,  for  the  oxygen  in  the  radical  may  be 
brought  to  Ihe  composition  of  benzyl.  Thus  the  ChlBrasalicamidi  is  CaHisClj , 
OaNi,  or,  properly,  3(C„HA  .  |N.)OL  ;  that  is,  <Bz.§N.)Cl.  By  the  direct  action 
of  ammonia  on  the  salicide  of  bydrogen,  the  corresponding  (CitHjOj  .  JN.)+H' 
may  be  formed.  To  this  new  radical,  which  is  evidently  Nicrara  of  Bemyi,  the 
name  Azosalicyl  might  be  given  (see  p,  572).     ' 

Essential  Oil  of  Mustard. 

The  oU  obtained  by  distilling  the  seeds  of  the  sinapis  nigra  with  water  is  remarK- 
able  for  sn  njiusnally  complex  constitucton,  as  it  contains  five  elements ;  its  for- 
mula being  CKHJ0N4 .  SjOj.  When  pure,  it  is  colourless ;  it  boila  at  289"  ;  ita 
specido  gravity  is  1015;  that  of  its  vapour  is  33T0j  when  acted  on  by  nitric  acid, 
it  yields  sulphuric  acid  and  an  organic  product ;  with  caustic  potash  it  forms  sul- 
phuret  and  sulpbocyanuret  of  potassium,  and  organic  products  which  have  not  been 
examined.  With  ammonia  it  forms  a  substance  in  large  white  crystals,  the  for- 
mula of  which  is  CsjHsoNi.  SiOs+iNHa.  Our  knowledge  of  the  chemical  nature 
of  this  oil  is  yet  imperfect.  It  has  been  only  established  that  it  does  not  exist  in 
the  seeds,  being,  like  ail  of  hitter  almonds,  formed  al  the  moment  of  distillation. 

Tlie  seeds  of'mustard  contain  two  crystalline  substances.  Of  these,  Salphosin- 
apiiiae  ia  obtained  by  a  process  similar  to  that  used  for  preparing  amygdaline.  It 
is,  when  pure,  white ;  soluble  in  alcohol  and  water ;  it  contains  the  same  five  ele- 
ments as  the  oil.  which  is  probably  formed  from  it  by  the  action  of  the  emulsin  of 
the  seed,  as  is  the  case  with  amygdaiine.  The  principle  of  the  mustard  seed  to 
which  it  appears  to  owe  most  of  its  pungency  lias  been  termed  Siitapisine ;  its 
preparation  is  complex ;  it  does  not  contain  any  mlphur,  and  hence  can  aut  but 
indirectly  in  the  formation  of  the  essential  oil.  Premy  considers  the  essentia!  oil 
to  be  formed  by  tiie  action  of  the.  albumen  of  the  seed  on  a  peculiar  acid  body, 
which  he  term's  Myroim  Acid ;  but  this  has  not  been  analyzed,  and  we  do  not  know 
its  relatiiins  to  sinapisine,  with  which  it  may  possibly  be  identical.  The  formula 
given  above  for  the  oil  is  that  of  Dumas ;  Lowig  has  since  analyzed  it,  and  denies 

t  it  contains  oxygen,  assigning  to  it  the  fiirmula  N.Cg  .  HjSj. 
■ ■'  "*  n  of  these  bodies  are  very  much  to  be  des 


Su  Class. — Oils  pre-existing  in,  t!ie  Plant.  Properties  not  Acid 
These  Ms  are  very  numerous,  and  sosimilarin  properties  that  n.  spe- 
cial d«scri]itioii  is  quite  unnecessary  for  each.  They  are  charncterized 
bv  not  dissolving  in  solution  of  potash,  by  being  lighter  than  water,  and 
by.  a  less  energetic  action  on  the  animal  system  than  the  oils  of  the  iirst 
class.  They  combine  with  muriatic  acid  lo  form  heavy  oily  substances, 
in  some  cases  crystalline.  When  put  in  contact  with  iodine,  tbej  fre- 
quently ciimltine  friih  it  so  energetically  as  lo  produce  a  feeble  explosion. 
Uy  chlorine,  hydrogen  is  removed,  and  an  oily  liquid,  heavier  than  Witter, 
is  produced.  ■  The  oil,  as  yielded  by  the  planti  consists  of  two  substan- 
ces, one  s'jiid  {Slraroplen),  the  other  liquid  {Elaopten) ;  the  former  gener- 
ally cryslnllrzes  when  the  oil  is  lonji  kept.  I  prefer  lo  term  the  liquid 
simply  iha  oil,  and  the  solid  portion  the  camphor  ofthe  plant.  We  some- 
liniiW  observe  these  oils  forming  the  camplwr  artificially,  by  contact  with 

Thi'se  oila  mav  be  very  naturnlly  divided  into  two  groups,  accordi'.g 
a.s  ilwynoiilaiti  oxygen  or  not.  The  following  tuble  includes  all  the  im- 
poi'tiitil  liiuls  of  the  liistory  of  the  oils  (elaoptens)  containing  oxygeii  " 


b,  Google 


NE  UTBAl. 


ft,n.»«inslU«l. 

„t^*:., 

F.,,.,u,i 

,r^F:;„. 

(^ajejjul 

Lavender    

Iloaemary 

Pennyroyal 

Camiilior-iree 

0-927 
0896 
U89T 
09'J5 
0910 

347° 
397= 
365° 
395= 

518° 

354" 

CiillnO. 
C„H,A 

7690 
5091 

Siiearaiint 

Marjoram 

OilM 
0'81i7 

Fennel 

0-997 

Peppermint 

Hue 

Olibaniim 

Cumin 

0-903 
083r 
0868 
0-S60 

446° 
418° 

From  the  recent  expenmeiits  of  GerhardiHiid  Calwura,  it  a[)peiirij  thai, 
by  the  action  of  fiiaeil  hydrale  of  potash,  mo.si  easerilial  ulla  containing 
oxygen  may  be  seimmted  into  an  acid,  and  an  oil  destitute  of  oxygen. 
Some  of  the  results  obtained '  by  lliiwe  chemlsta  are  of  great  interest ; 
thus,  from  the  oil  of  valerian,  QgH^jO.,  valerianic  acid  U  obtained,  and 
aa  oil  which  absorbs  oxygen  wbh  great  rapidity  and  generates  cotnniun 
canijihor.     The  oil  of  chamomile  also  yields  valerianic  acid. 

The  oil  of  cumin  (cuminum  cymitium),  of  which  tiie  ch'inictera  have 
been  given  in  the  table,  yields,  when. treated  wiih  hydrale  of  potaaii,  a  [m- 
ciiiiar  add,  Cumenic  Acid,  whose  formula  is  CaHiiOa+Atj.  ;  it  is  per- 
fecijy  while,  crysluilizes  in  line  prismatic  tahlea,  tastes  sour,  fuses  ui 
197°,  and  may  be  distilled  UNchauged.  If  cumeiiale  of  baryies  be  dis- 
tilled at  a  dull  red  heat,  a  colourless  liquid  oil  is  obtiilnod,  ivliicii  boils  at 
2132";  it  is  termed  Cynten ;  its  formula  is  C,jH,„  bi:ing  isomeric  wiih 
mesitylene  ;  with  sulphuric  acid  cyinen  unites,  furmiug  Cymenau/phui-ie 
Acid,  CisH|2 .  SjOj,  which  forms  well-characleriBed  soluble  talts.  By  Ine 
action  of  chiodiie  and  of  bromine  on  the  oil  of  cumin,  heavy  oily  corii- 
pounds  are  obtained,  whose  formuire  are  CwH,, .  Ofi\.,  and  Ca,n„  .  OjBr. 

It  is  evident  that  in  these  compounds  u  radical  {Cumyl),  CaHnOj,  ts- 
Rclly  analogous  lo  benzyl,  may  be  a.ssumed,  and  iho  cynien  has  the  place 
of  benzin.  The  carbohydrogen  of  the  oil  of  cumin  is  termed  by  C-i- 
houra  Ciimen ;  its  formula  is  Cj^H,, ;  its  specific  gravity  0-8(i0  ;  it  boils 
at  330°;  it  may  be  prepared  artificially  »Uo  from  common  camphor; 
with  sulphuric  acid  it  forms  CametisafpJutric  Add,  which  resemblos  coin- 
plelely  the  other  acids  of  that  class. 

The  stearoptens,  or  camphors  containing  oxygen,  will  be  described  by- 
and-by. 

The  following  table  contains  a  similar  view  of  the  most  important  oils 
not  containing  oxygen: 


TI:u,^,iM\^,l«iK. 

A^k 

r«„,»u 

%^^^ 

C,™«M^I,n.«, 

nitron 

Copaiva 

Parsley 

Jnniper 

0847 
0-878 

473" 
4(0" 

;iu° 

315° 

::: 

315° 

il 

i   3 

;1 

1 

If 

-1-80°  9-,  rigli'. 
43*°  8',  left. 

—3^  5',  left. ' 

~Ud"  1',  left.' 

+23°  3',  vsliV 
-43°  3'.  -I'^IV, 

Ciihebs 

Black  Pepper     .     ,     . 
Uergamotie   .... 
Turpentine     .... 

0-939 
0-861 
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Aitliough  these  oils  have  nil  tlie  same  per  cent,  composition,  tlicy  Jif- 
fei"  in  llio  formufa  of  ihejr  atom,  tliat  of  turpentine  being  CjoHie,  that 
of  cubel)3, 0|jH|5,  and  all  the  others  being  CmHj.  Allliough,  even  as  giv- 
en in  the  table,  they  constitute  u  remarltable  group  of  isome 
yet  each  one  is  capabie  of  changing  its  molecular  condition 
waja,  and  thus  generating  other  bodies,  atili  more  closely  i; 
they  differ  only  in  their  action  on  polarized  light.  Of  these  changes 
I  shall  describe  only  those  of  oil  of  turpentine,  which  will  serve  as  an 
example. 

By  contacl'with  oil  of  vitriol,  oil  of  turpentine  changes  into  another 
liquid,  which  has  the  same  apecilic  gravity  both  in  the  state  of  liquid  and 
of  vapour,  the  same  boiling  point,  and  the  saine  atomic  weight,  hut  is  to- 
tally without  action  on  polarized  light.  This  new  liquid  is  called  Tere- 
hene.  If  the  oil  of  turpentine  be  acted  on  by  muriaiio  acid  gas,  it  com- 
bines therewith, forming  a  dense  liquid,  which  is  muriate  of  terehene,and 
which  has  no  action  on  light;  but  another  portion  of  the  turpentine  unites 
with  the  muriatic  acid  unciiangcd,  and  forms  a  solid,  which  crystallizes 
in  fine  white  prisms,  and,  from  its  remarkabie  odour,  is  called  artificial 
.  Camphor,  In  this  solid  the  oil  of  turpentine  preserves  all  its  action  upon 
light,  and,  for  convenience,  it  may  obtain  the  name  Camphene,  and  the 
solid  ia  then  Muriate  of  Camphene.  Now  if  this  solid  he  distilled  with 
lime,  the  muriatic  acid  ia  removed  and  an  oil  obtained,  which  differs 
from  camphene  only  in  having  no  action  on  light,  while  it  differs  from 
terebene  in  forming  with  muriatic  acid  a  solid  product.  This  oil  is 
termed  Caniphikne,  and  the  Mvriale  of  GampMlene  is  distinguished  from 
the  muriate  of  camphene  in  being  quite  destitute  of  rotatory  power. 
From  none  of  these  products  can  the  true  oil  of  turpentine,  or  camphene, 
be  regenerated.  There  are  thus  three  forms  of  nil  of  turpentine,  of 
which  two  give  solid  compounds,  and  the  third  a  liquid,  with  muriatic 
acid  ;  two  are  without  action  on  light,  but  the  camphene  rotates  power, 
folly  to  the  left :  with  chlorine  they  all  give  heavy  liquids,  all  of  which 
have  the  formula  CjoHjaClj.put  are  distinguished  from  each  other  by  their 
action  upon  polarized  light ;  the  Chjorcamphene  presenting  the  anom- 
alous character  of  a  rotatory  power  to  the  right. 

When  oil  of  turpentine  is  mixed  with  nitric  acid  and  gently  heated,  a 
thick  and  heavy  oily  substance  is  produced,  apparently  by  their  direct 
union,  and  may  be  separated  by  the  addition  of  cold  water.  If,  however, 
the  materials  be  left  to  themselves,  after  some  time,  violent,  almost  ex. 
plosive  action  sets  in,  copious  red  fumes  are  given  off,  and  a  resinous  ma- 
terial formed,  which,  by  boiling  with  more  nitric  acid,  dissolves,  and  the 
solution,  on  cooling,  yields  crystals  of  Titrpenlinic  Acid.  Its  composition 
was  found  by  Bromeis  to  be  CHHjOj+Aq.  The  exact  theory  of  its  for. 
mation  has  not  been  as  yet  ascertained. 

The  other  oils  of  this  class  are  capable  of  similar  metamorphoses, 
which  need  not  be  specially  detailed. 

The  type  CjHi  exists  probably  in  all  essential  oils,  for  it  will  be  seen, 
by  reference  to  the  former  table  of  oils  containing  oxygen,  that  their  for. 
mulse  consist  in  multiples  of  CjH,,  combined  with  oxygen,  or  with  the 
elements  of  water. 

B.  Of  (he  Camphors  or  Stearoptens  of  the  Oils. 

The  most  remarkable  substance  of  this  class  is  the  common  camphor, 
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phor-oil  (CjsHisO.),  from  the  gradual  oxidation  of  which  it  appears  to  be 
produced. 

Camphor  forms  a  while  semi  trans  pa  rent  mass,  crystallized  in  irregu- 
lar octuhedrons.  It  is  very  lough  and  diScult  to  powder;  ita  specific 
gravity  i^  0-936  ;  its  taste  is  bitter ;  its  odour  is  well  known  ;  it  melts  at 
847°,  and  boils  at  390°,  subliming  unaltered  ;  it  is  sparingly  sii:uble  ia 
water,  but  easily  so  in  alcohol  and  ether;  its  ibrmula  is  OjoHieOi.  The 
specific  gravity  of  its  vapour  is  5317,  which  might  he  considered  as  form, 
ed  hy  oue  volume  of  vapour  of  camphene  and  half  a  volume  of  oxygen 
{4778+551'3).  Hence  camphor  and  camphor-oil  may  be  looked  upon 
ns  oxides  of  an  oil  of  the  turpentine  family. 

When  camphor  is  healed  with  lime,  water,  and  an  oil,  Campkron 
(CmHhO.),  are  produced.  With  muriatic  add  it  unites,  forming  a  col- 
ourless liquid,  whose  formula  ia  CmH,,  .  OjCI.  By  boiling  with  strong 
nitric  acid,  it  is  completely  couvevied  into  Camplioric  Acid. 

This  acid  crystallizes  in  small  rhomboidal  tables,  which  taste  sour  and 
bitter;  it  melts  at  145°,  gives  off  water,  and  leaves  the  anhydrous  acid, 
which  melts  at  433°,  and  distils  over  at  518°  without  alteraiion.  The 
formula  of  the  anhydrous  acid  ia  C|oH,Oj;  the  crystals  contaiti  an  atom 
of  water.  Thesaltsof  camphoric  acid  are  not  important,  and  appear  to 
differ  in  properties  according  as  Ihe  dry  or  hydrated  acid  was  employed 
to  form  them.  The  Campkorale  of  Ether  is  a  dense  liquid,  which,  with 
camphoric  acid,  forms  the  Camphovinic  Acid,  a  thick,  heavy  liquid,  which 
is  decomposed  by  heat,  and  forms  unimportant  salts. 

When  camphor  is  distilled  with  glacial  phosphoric  acid,  water  is  form, 
ed,  and  a  volatile  oil  passes  over,  having  the  formula  C^oH,,,  and  identical 
in  every  respect  with  the  Cymen  obtained  from  oil  of  cumin,  as  descri- 
bed in  p.  575. 


When  camphor  in  vapour  is  passed  over  hydrate  of  potash,  healed  to 
about  700°,  an  acid  is  formed,  which  has  the  formula  CjnH.jOa-hAq. 
This  Camplioric  Acid  fuses  at  176°,  and  boils  at  482"  ;  it  may  be  distil'- 
led  unchanged.  It  is  insoluble  in  water,  but  dissolves  abundantly  in  al- 
cohol and  ether,  and  crystallizes  from  these  solutions  on  cooling.  W  hen 
it  is  healed  with  phosphoric  acid,  a  volatile  oil  is  produced,  CampkoVen, 
having  the  formula  CuHib.  When  campholeale  of  lime  is  distilled,  an- 
other  oily  fluid  is  formed,  whose  formula  is  C|5H„0.     • 

Of  the  camphors  of  the  other  volatile  oils,  only  a  few  require  any  de. 
tailed  notice.  The  characters  of  most  of  them  are  given  in  the  follow, 
ing  table  ; 
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P<,™^^ 

Rose  (Otto)  ....... 

Parsley         

70" 

650° 
553" 

C4H,0. 
C,=H„0, 

103° 
104" 

St" 

531)^ 
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430" 
406" 

6681) 
6455 

Asarum    , 

Fennel 

idli 

Turpentine 

1057 

303" 

311" 
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On  comparing  llieae  formulEe  with  those  of  the  corresponding  oila 
(p.  575),  it  h  seen  that  the  camphors  arise  from  various  CiUises  ;  in  soma 
oases  tliey  are  isomeric  with  the  oila,  in  olhers  osidea  of  ihem,  and  in 
others  hydrates  j  thus  the  camphor  of  turpentine  may  be  formed  at  will, 
by  agitating  the  oil  with  water,  and  then  exposing  it  to  celd  ;  the  liydrate 
crysiailizi'8  out  in  colourless  prisms,  sometimes  of  great  size. 

The  peppermint-camphor  has  been  found  lo  yield,  by  the  action  of  re- 
agents, a  series  of  com  pounds.  Thus,  by  theaction  of  glacial  phosplioric 
acid  or  of  oil  of  vitriol,  a  light  oil  was  obtained,  having  the  fornmla  Cj, 
11,8,  which  is  termed  Menlhen.  By  the  action  of  chioi-ine,  a  thick,  heavy 
liquid  IS  produced,  CjiH,, .  CljOa-  By  nitric  acid,  menthen  yields  a  heavy- 
oily  liquid,  CjiHisOa,  which  possesses  acid  properties  ;  and  with  chlorine, 
menthen  yields  a  sirupy  yellow  liquid,  having  the  formula  CjiHiaOls. 

The  anise-camphor  yields  with  bromine  a  ciystalline  substance,  CmHs  . 
Br»Oj,  and  wiih  sulphuric  acid  an  oily  substance,  Anisoine,  isomeric  with 
itself.  By  nitric  acid  it  is  converted  into  a  body  which  crystal lizf is  in 
long  needles,  Antsie  Acid,  C,Ji,Oi-i-A<:\.,  whicli  forms  salts  witli  metal- 
lic oxides, and  gives  by  farther  action  the  JSiiranisic  Acid,  C,^\:l^ .  N.Oj-H 
Aq.,  and  Niiranisid,  Ci„U,„ .  NjO,„. 

C.  Of  the  Resins, 

The  bodies  of  this  cluss  approach  closely  to  the  camphors  in  compo- 
sition and  properties,  but  are  distinguished  by  not  being  volatile  without 
decoinpositiun,  and  being  generally  capable  of  acting  as  acids.  The  most 
important  will  be  first  specially  noticed,  and  the  properties  and  formulie 
of  the  remaining  expressed  in  a  table. 

Resms  of  Turpentine. — The  ordinary  white  resin  coexists,  in  the  dif. 
ferent  species  of  pine,  with  oil  of  turpentine,  and  is  obtained  by  making 
ough  the  bark,  when  the  thick,  tenacious  turpentine  flows 
svhen  distilled  with  water,  gives  off  the  oil,  while  the  resin 
I  is  callad  Colophony.  li  is  ii  mixture  of  two  resins,  which, 
though  having  the  same  composition,differ  in  properties,  and  are  termed 
the  piiiic  and  sylvic  acids. 

The  Pinie  Acid  is  obtained  by  digesting  colophony  reduced  to  fine 
powder,  in  cold  spirit  of  sp.  gr.  0'865,  which  does  not  dissilve  sylvic 
acid.  The  solution  is  to  be  mixed  with  a  spirituous  solution  il  aceitite 
of  copper  as  long  as  a  precipitate  forms.  This  Finale  of  Cipper  is 
to  be  dissolved  iif  strong  boiling  spirit,  decomposed  by  a  Iitiie  muriaiie 
acid,  and  then  mixed  with  water ;  the  pinic  acid  p  ecipitites  os  a  resin- 
0US  powder,  which  may  be  dried  at  a  moderate  heat 

When  quite  pure,  pinic  acid  is  colourless  ;  it  melts  at  257°,  but  be- 
comes  soft  at  149°  :  its  solution  in  alcohol  reatts  acid  It  e\pels  car- 
bonic acid  from  bases  ;  its  alkaline  salts  are  soluble  ,  ili  earthy  and  me- 
tallic salts  insoluble  in  water,  but  many  of  them  soluble  in  spirit ;  its  for. 
mulii  is  C^iHajO,. , 

When  a  solution  of  pinic  acid  ip  alcohol  is  long  exposed  to  the  air,  it 
absorljs  oxygen  and  forms  Oxypinic  ^citZ,  the  fonmiia  of  which  is  CioRjj 
O,;  it  is  a  stronger  acid  than  the  pinic.  When  heated  with  lime,  pinic 
acid  is  decomposed,  and  three  different  volatile  oils  obtained,  which  need 
not  Iw:  specially  noticed. 

The  Syliiic  ^cid  remains  when  the  pinic  acid  is  dissolved  by  weak  al. 
cohol.     As  il  is  not  pure,  the  residue  is  to  be  dissolved  in  two  pans  of 
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boiling  spirit  of  O'Soa  ;  on  cooling,  the  sylvic  acid  separates.  By  a  sec. 
ond  solution,  all  the  traces  of  piiiio  acid  may  be  removed.  The  pure  syl- 
s  from  its  alcoholic  solution  in  colourless  rhombic 
;  212°  ;  it  is  easily  soluble  in  strong  alcohol  and  in 
in  water  ;  its  formula  is  C^HjoOi-  Its  salts  are  ex- 
actly similar  to  those  of  pinic  acid, 

When  either  pinic  or  sylvic  ackla  are  Itept  melted  for  some  lime,  they 
become  brown,  and  cliange  into  a  resin  very  sparingly  soluble  in  alcohol, 
and  possessed  of  stronger  acid  properties  than  either  ;  it  is  termed  Colo- 
•phonic  ^cUi;  it  exists  in  small  quantity  in  common  resin. 

The  resin  of  the  spruce  fir  has  been  found  by  Johnstone  to  be  a  mix- 
ture of  two  resins,  which  are  separated  by  means  of  alcohol.  The  more 
soluble,  or  A  resin,  has  the  formula  CwHsAi  the  less  soluble,  or  B  res- 
in, that  ut'  O^oHjgUj ;  they  both  possess  acid  char-acters. 

For  the  manuikcture  of  tar  and  pitch,  ihe  pine  wood  containing  tur- 
pentine is  exposed  lo  a  kind  of  destructive  dtsttllation,  in  kilns  hollowed 
out  in  the  ground.  Although  a  largo  quantity  of  the  resin  flows  out  un- 
decomposed  (as  colo;)holic  acid),  yet  the  important  components  of  the 
tar  are  bodies  belonging  lo  a  dilTerent  series,  which  will  be  described 
hereafter. 

A  great..™ 
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md  Johnstone  has  shown  that  they  may  all  be  considered  a 
ved  fi-om  oils  having  the  turpentine  conotiluiion  =C(oHj2. 

A  substance  which  is  connectt-d  with  the  pi-eceding  in  many  ways  ia 
Ainher.  This  body  is  found  in  rounded  pieces,  mixed  with  or  attached 
to  fi'QgTients  of  decomposing  wood,  in  the  lignite  beds  of  the  north  of  Eu- 
rope. It  is  also  found,  cast  on  shore  by  the  waves,  along  the  coast  of 
tile  Baltic.  It  is  yellow,  transparent,  and  often  contains  imbedded  in  it 
insects  and  parts  of  plants,  so  as  to  prove  it  to  have  been  perfectly  liquid 
when  first  formed.  It  is,  in  fact,  the  turpentine  of  unknown  trees,  be- 
longing to  a  former  geological  epoch;    its  specific  gravity  is  l'tl67; 
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.when  heated  it  meUs,  and  is  then  tolally  decomposed  ;  its . relations  to 
electricity  have  been  fully  noticed,  p.  106.  Amber  ia  found  to  be  a  mix- 
ture  of  two  resins,  wliich  are  soluble  in  uluohol  and  ether,  a  bitumen  in- 
Boloble  in  those  liquius,  a  volatile  oil,  and  a  peculiar  acid,  the  Sitccinie 
.,lcid.  It  is  used  very  extensively  in  the  arts  aa  a  material  for  varnish- 
es, but  to  uliemists  iis  principal  interest  is  its  electrical  properties,  and 

Succinic  ^cid  is  obtained  by  the  destructive  distillation  of  amber ;  it 


partly  sublimes  into  the  neck  of  tbe 
partly  dissolvea  in  the  water  which 
acid  it  may  be  freed  I'l 
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produced  by  the  action  of  nitric  acid  on  the  fatly  acids,  aa  the  stearic  o 
margarjc. 

nuccinic  acid  crystallizes,  from  its  solution  in  water,  in. 
lurless  riffht  rhombic  prisms,  as  m,  I,  a  in  the  figure,  which 
e  the  formula  CjH,Oa+ Aq. ;  when  heated  to  350°  it  melts, 
abandoning  half  its  water,  and  at  450°  sublimes  in  an  anhy- 
drous stale;  its  solution  in  water  is  markedly  acid;  when 
heated  with  lime,  a  volatile  liquid  is  produced,  Succinone,  the 
exact  formula  of  which  is  not  established. 
The  salts  of  succinic  acid  are  mostly  soluble  and  crjstalli. 
zable. 

The  Swccmdie  of  Soda,  jirepared  by  neutralizing  the  acid  by  carbon- 
ate of  soda,  crystallizes  in  doubly  oblique  rhombic  prisms,  of  which  i,  «,  p 
e  primary,  and  a,  n  secondary  faces  in  the  figure  ;  it  is  per- 
anent  in  the  air,  and  very  soluble  in  water.  The  SucctTuile 
I  of  Ammonia,  which  is  much  used  in  mineral  analysis  for  the 
separation  of  iron  from  manganese,  crystallizes  in  nearly  the 
same  form  as  the  soda-salt  figured  above.  The  succinates 
of  barytes,  lime,  and  lead  are  white  powders,  insoluble  in 
water.  The  Sacciiuile  of  Manganese  forms  rose-red,  four-sided  pris- 
matic crystals,  permanent  in  the  air,  and  soluble  in  ten  parts  of  cold 
water.  The  Succinate  of  the  Peroxide  of  Iron  is  precipitated  when  aa 
alkaline  succinate  is  added  to  any  salt  of  iron  not  containing  an  excess 
of  acid  ;  it  forms  a  pale  brownish-r^d  powder,  insoluble  jn  cold  water, 
but  decomposed  by  boiling  water,  which  dissolves  out  the  acid  with  a 
small  quantity  of  the  iron  ;  it  dissolves  readily  in  acid  liquors. 

The  Bisuccinaie  of  Ammonia  gives  off  water  when  heated,  and  a  white 
crystalline  solid  sublimes,  which  is  termed  SuQcinamid.  Its  formula  is 
CH. .  O^N. 

The  rare  mineral,  MeViU  (see  p.  498),  is  only  found  accompanying 
amber  in  the  deposites  of  lignite. 

Camiichmc.  Indian  Rubber, — This  substance,  now  so  much  used  m 
the  laboratory  for  connecting  pieces  of  apparatus,  and  so  extensively  em- 
ployed in  the  arts,  possesses  much  similarity  to  the  resins.  It  dissolves 
but  imperfectly  even  in  ether,  its  proper  solvent  being  the  volatile  oils, 
into  which  it  is  converted  by  distillation.  One  of  these  is  thehghfesi 
liquid  known,  iis  specific  gravity  being  but  0.854  ;  it  boils  at  92°  ;  it  has 
been  termed  Faradyn.     Another,  known  as  Caoutcliene,  has  a  spe-ufto 
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gravity  of  0.S42  ;  it  boils  at  340°.  The  composition  of  these  liquids, 
or  uf  caoutchouc  itself,  is  not  well  known,  as  they  have  not  been,  as  yet, 
obiaioed  absolutely  pure;  but,  so  far  as  i  can  judge,  they  appear  all  to 
liave  tile  same  composiiion  as  oil  of  turpentine. 


CtlAPTER  XXIII. 

OF  THE  SAtONlFIABLE  FATS  AND  OILS. 

The  substances  of  this  class  are  found  both  in  the  animal  and  vegeta- 
ble kingdoms  very  extensively  distributed.  In  animals,  the  various  fats 
are  deposited  in  tho  cavities  of  the  cellular  tissue,  but  often  also  diffused 
through  the  mass  of  the  glandular  organs.  In  plants,  the  oils  or  fats  are 
generally  found  in  the  investing  membranes  of  the  seed,  or  in  the  cellu- 
lar texture  of  the  fruit.  The  leaves  or  roots  seldom  contain  any  fatty 
matter.  The  ikts  and  oils,  as  ihey  exist  in  nature,  are  mixtures  of  a 
few  simple  fatty  and  oily  bodies  in  variable  proportions,  their  degree  of 
consistence  depending  on  the  relative  preponderance  of  the  solid  or  li. 
quid  constituent.  The  greater  number  of  fats  consist  of  two  simple  fata, 
Slearijie  and  Margarine,  and  a  simple  oil,  O/etn;  but  these  three  bodies, 
which  may  bo  considered  as  the  bases  of  all  fats  and  oils,  are  accompa. 
Died  generally  by  smaller  quantities  of  solid  or  liquid  fats,  which  are 
often  peculiar  to  a  particular  animal  or  plant.  These  fatty  bodies  are 
aWfxed;  that  is,  they  cannot  be  distilled  without  decomposition;  but 
they  are  totally  converted  by  heat  into  volatile  bodies,  undergoing,  in 
some  cases,  singular  metamorphoses,  which  will  be  described  in  the  his- 
tory of  the  individual  fats. 

Exposed  to  tlie  air,  the  fatty  bodies  gradually  absorb  oxygen,  and 
evolve  carbonic  acid  ;  they  at  the  same  time  obtain  an  acid  reaction,  and 
a  smell  well  known  as  rancid.  Most  of  this  change  appears  to  result 
from  minute  quantities  of  azotized  organic  tissues,  which  remain  inter- 
spersed through  the  fats.  A  great  number  of  oils,  however,  absorb  ox- 
ygen very  rapidly,  and,  evolving  carbonic  acid,  change  into  a  soft  resin- 
ous body  ;  they  are  hence  termed  Dri/ing  Oils,  and  are  used  so  in  paint- 
ing. This  drying  quality  is  inci-eased  by  combining  the  oil  with  a  small 
quantity  of  a  base,  as  oxide  of  lead. 

The  most  important  fact  in  the  history  of  the  fixed  oils  and  fats  is, 
that,  by  the  action  of  alkalies,  they  are  converted  into  soaps  ;  whence 
the  name  of  saponlfiable  given  to  the  class.  By  means  of  the  alliali,  the 
fat  or  oil  is  decomposed  into  an  acid,  which  combines  with  the  basej  form- 
ing a  true  salt,  which  is  the  Soap,  and  a  substance  soluble  in  water,  of 
a  sweet  taste,  which  is  the  same,  no  matter  ivhat  kind  of  fat  had  been 
employed.  This  substance,  the  sweel  principle  of  the  oils,  or  Glycerine, 
is  united  in  each  fat  wilh  a  different  acid,  and  hence,  as  the  fats  are  best 
described  as  salts  of  glycerine,  I  shall  first  notice  the  composition  and 
properties  of  the  base  itself. 

0/  G/ycenne.~Co[l,0,-fAq.  Eq.  1157-4  or  92-3.  To  obtain  gly- 
cerine, any  fatty  matter  is  to  be  saponified  by  a  caustic  alkali.  The 
solution  being  decomposed  by  tartaric  acid,  which  precipitates  the  fatlj 
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acid,  is  to  be  evaporated,  and  tlie  glycerine  dissolved  out  by  strong  alco- 
hol. It  may  also  be  obtiiined  by  sapouifyinj;  the  fat  by  oxide  of  lead, 
and  treating  the  watery  solution  witii  sulphuretted  hydrogen  to  precipi. 
late  some  oxide  of  lead,  wliich  dissolves  ;  the  glycerine  may  then  be  oh- 
taiupd  by  evaporation. 

Glycerine  cannot  be  obtained  solid.  When  brought  to  its  greatest 
degree  of  consistence  by  evaporation,  in  vacuo  over  sulphuric  acid,  it  is 
a  colourless  sirup,  sp.  gr.  =1-26  ;  it  dissolves  in  water  and  alcohol,  hut 
is  insoluble  in  ether;  it  is  decomposed  by  heat.  With  nitric  acid  it 
produces  oxalic  and  formic  acids.  Boiled  with  solutions  of  copper,  it 
precipitates  metallic  copper.  With  chlorine  it  forms  a  wliite  flocculent 
solid,  having  the  formula  CuHu  .  0]i,Cla,  and  with  bromine  it  gives  a 
dense  oily  liquid,  v^hoss  farinula  is  C.jHi,  .  O.oBrs. 

When  glycerine  is  mixed  with  oil  of  vitriol,  they  unite  without  black 
ening,  and  form  an  acid  compound,  Sulphnglj/ceric  Acid,  ibe  formula  o( 
which  is  CsH,Oi.  SS.Oj.H.O.  With  bases  this  acid  forms  soluble 
salts,  having  considerable  analogy  to  the  sulpbovinates.  The  Sulpho- 
glycerale  of  Lime  crystallizes  in  long  delicate  needles,  whose  formula  is 
CjHA  ■  S.O3+S.O3  .  Ca.O.  The  compounds  of  glycerine  with  the 
fatty  acids  constitute  the  various  kinds  of  fiits  and  oils. 

Of  Slearine  and  Stearic  Add. 
Stearine  is  the  essential  constituent  of  all  sohd  fats,  and  prepondei- 
ates  in  proportion  to  their  consistence.  It  is  best  obtained  from  mutton- 
suet,  either  by  washing  it  with  ether,  as  long  as  anything  is  dissolved, 
or  by  mixing  up  melted  suet  with  six  times  its  volume  of  ether,  and  sub- 
jecting the  mass,  wlien  cold,  to  strong  pressure.  In  both  cases  the  stea- 
rine remains  behind ;  it  is  generally  crystalline  like  spermaceti,  not  at 
all  greasy  between  the  fingers,  and  is  easily  powdered  ;  it  melts  at  148°  j 
it  is  insoluble  in  water  and  in  cold  ether;  it  dissolves  in  boiUng  alcohol 
or  ether,  and  crystallizes  out  as  it  cools.  The  formula  of  slearine  is 
CijaHijiO,,,  consisting  of 

1  atom  of  glvcer ine         =C»H  O5         1 

3  atoms  ol  stearic  acid,  — C,seH  mOio  >  =Cn  H|j[0,j 

2  atoms  of  w  ater  ^HjOa  J 

By  the  action  of  stiong  bases  or  of  strong  acids,  it  is  aepir'^ted  into 
these  constituents.     A  similar  decompo'.ition  is  efftcted  bv  heit 

Stearic  Add  is  obtained  pure  by  saponifying  steaiine  by  potash,  and 
decomposing  the  solution  by  means  of  warm  dilute  muriatic  acid  The 
stearic  acid  which  precipitates  is  to  be  washed  with  water  and  dissolved 
in  boiling  alcohol,  whence  the  pure  acid  crystallizes,  on  cooling,  in  brill, 
iant  white  plates. 

When  nrjttoa-suet  is  directly  saponified,  very  troublesome  operations 
are  necessary  to  free  the  stearic  acid  from  the  other  fatty  acids  whicii 
accompany  it. 

Pure  stearic  acid  is  tasteless  and  inodorous.  It  does  not  melt  below 
158° ;  the  melted  acid  forms  a  crystalline  mass  on  cooling ;  it  is  appa- 
rently volatile,  and  may  be  distilled  unaltered  in  close  vessels ;  it  is  in- 
soluble in  water,  but  dissolves  in  hot  alcohol  ;  the  solution  reddens  lit- 
mus ;  its  composition,  when  crystallized,  is  C«H660i+2  Aq.  When  heat- 
ed in  contact  with  lime,  carbonic  acid  is  formed,  and  a.  volatile  liquid, 
Stearon,  whose  formula  is  CosHjjO. 
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ytearic  acid  is  but  feeble  in  its  action :  it  expels  the  carbonic  ac(d 
Troni  thti  aliialies  only  when  the  solution  is  boiling.  It  is  bibimic,  form- 
ing two  classes  of  salts,  the  Bislearates,  which  contain  one  atom  of  water 
und  one  of  iixed  base,  and  the  Neutral  Stearales,  which  contain  two  atums 
of  fixed  base.  The  alkaline  stearates  are  the  only  salts  soluble  in  water; 
they  dissolve  also  in  alcohol.  If  neutral  stearate  of  potasb  be  mixed 
with  a  large  quantity  of  boiling  water,  it  is  decomposed,  one  half  of  the 
potash  becomiog  I'l-ee,  and  the  Bistearale  of  Potash  pi-eci|titating  in  minute 
crystalline  scales.     A.  solution  of  soap  precipitates  alt  eanliy  and  melal- 

Tho  Stearic  Ellter  is  exceedingly  remarkable,  as  it  corresponds  exactly 
to  stearine  in  composition,  the  glycerine  being  replaced  by  ether.  Thus 
its  formula  is 

1  atom  of  ether,  =CiH^O.,       j 

3  atoms  of  stearic  acid,  =Ci3sHi3aOn],  >  CmJIiosOia=l  atom  of  stearic  ethei. 

3  atoms  of  water,  =Hi02,  1 

Stearic  acid  is  now  very  extensively  used  for  malting  candles.  The 
tallow  is  saponified  by  boiling  with  a  thin  paste  of  lime.  The  glycerine 
is  washed  oul,  and  the  soap  being  decomposed  by  muriaiio  acid,  the  oleic 
acid  is  removed  from  tiie  stearic  acid  by  violent  pressure  between  folds 
of  cloth.  The  pure  stearic  acid,  when  aoiidirying.  assumes  a  crystalline 
structure,  which  would  spoil  the  appearance  of  the  candle,  and  this  ten- 
dency is  removed  by  the  very  improper  addition  of  one  partof  arsenioua 
acid  to  about  2000  of  stearic  acid. 

Of  Margarine  and  Margaric  Acid, 

Margarine  exists  along  with  stearine  in  most  fats,  but  is  most  char- 
acteristic of  human  fat.  It  is  prepared  from  the  ethereal  solution,  which 
has  left  the  stearine  undissolved.  This  liquor  is  to  he  evaporated,  and 
the  residue  dissolved  in  boiling  alcohol,  from  which  the  margarine  crya- 
fuilizes  as  the  solution  cools;  it  melts  at  118°.  In  all  other  properties 
it  re.sembles  stearine,  but  is  much  more  soluble  in  ether  and  alcohol;  it 
consists  of  C„H„0,i,. 

1  atom  of  glycerine,  =C6H;0»    i 

2  atoms  of  margarioaeid,  =C6bH6606,  J  :^Ch1I7iOiz,  1  atom  of  margarine. 
1  atom  of  water,  =H.O.,       ) 

By  the  action  of  bases  it  is  separated  into  glycermc  and  margaric  acid. 
The  preparation  of  Margaric  Acid  is  precisely  siiiiilar  to  that  of  the 
stearic  acid,  which  it  resembles  very  closely,  being  most  difTurent  in  its 
melting  point,  which  is  140°.  On  sohdifying,  it  crystallizes  \a  white 
needles.  When  carefully  heated,  it  volatilizes  without  alteration.  The 
formula  of  margaric  acid  is  CMH330a+  Aq.  If  it  be  mixed  with  iime  and 
distilled,  carbonic  acid  is  produced,  which  combines  with  the  lime,  and 
a  volatile  substance  is  obtained,  which  is  termed  Margaroa,  Its  formula 
is  OjjfliisO.  It  is'a  while  solid,  of  a  pearly  lustre,  which  melia  at  170^ 
and  forms,  on  cooling,  a  crystalline  mass  lilte  spermaceti.  By  repeated 
distillation  with  iime,  a)!  oxygen  is  removed  as  carbonic  acid,  and  a  vol- 
atile oily  substance  obtained,  having  the  composition  of  defiant  gas. 

The  experiments  of  Redtenbacher  have  indicated  a  remarkable  source 
of  margaric  acid  in  the  distillation  of  stearic  acid.  The  distilled  product, 
though  in  appearance  unchanged  stearic  acid,  yet  does  not  in  reality 
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conlain  any  trac«  of  il,  being  a  mixture  of  margaric  acid,  of  tnargaroiM 
and  of  the  volatile  oily  carboliydrogen.     Tho  reaciioii  being  that 

{6  atoms  of  margaric  acid,  CaHHuMOa, 
1  atom  of  water,  H.O., 

1       "       margarone,         CaaHsiO., 
1       "       carbonic  acid,     C  Oj, 
vThe  oily  carbohydrngea,     CitHa. 

Redlenbacher  doubts  tbe  real  existence  of  stearoiie,  as  none  of  it  is 
produced  in  this  reaction. 

The  salts  of  margaric  acid  resemble  perfectly  the  stearates  in  their 
properties,  but  the  aeid  being  monobasic,  there  is  but  one  class  of  marga- 
raies.  The  pearly  lustre  of  the  crystalline  scales  of  the  margarate  ol 
potash  gave  occasion  lo  the  name  of  this  acid,  from  the  word  itapyapi- 
T)]f,  a  pearl. 

If  we  compare  tbe  formulte  of  tbe  bodies  now  described,  we  find  them 
capable  of  being  expressed  by  &  very  simple  theory  ;  ihiis,  indicating  an 
hypnthetic  carbohydrogen,  CstHasi  by  R,,  the  stearic  acid  becomes  R.j+ 
O5,  and, (he  margaric  acid,  R.+Oo,  being  related  as  hyposulphuric  and 
sulphuric  acids.  Also,  as  Redtenbacher  has  remarked,  all  the  results 
obtained  might  be  accounted  for  by  ascribing  to  margarone  the  formula 
C34H3aO.,  in  which  case  il  becomes  R.-|-0.,  and  the  volatile  oil  may  be 
R.+  IL  Farther  researches  are,  however,  wanted  to  give  experimental 
evidence  on  these  points. 

Of  Olein  and  Oleic  Acid. 

Ole'in  exists  in  small  quantity  in  tho  various  solid  fats,  but  constitutes 
the  great  mass  of  the  liquid  fixed  oils  which  are  not  drying  oils.  It 
holds  dissolved,  more  or  leas,  slearine  and  margarine,  of  which  the  great- 
est part  may  be  separated  by  exposure  to  cold,  when  they  crystallize. 
Olive  oil  contains  a  large  quantity  of  margarine,  and  hence  freezes  very 
readily.  The  expressed  oil  of  sweet  almonds  is  the  purest  aaiive  olein  ; 
next  to  it  is  rape  oil. 

To  obtain  pure  olei'n,  almond  oil  is  dissolved  in  hot  ether,  and  the  so. 
lution  exposed  to  great  cold ;  the  traces  of  margarine  crystallize  out 
completely,  and  by  evaporation  the  ether  is  removed,  Olein  remains 
iiqujd  at  0°  -Fab.  In  constitution  it  resembles  the  solid  fats,  containing 
a  peculiar  acid,  Oleic  Acid,  combined  with  glycerine  and  water, 
1  atom  of  glycerine,    CaHvOji,    1 

S  atoms  of  oleic  acid,  CaBH;BOs,  >  produce  1  atom  ole'in,  CaiHsiOis. 
S  atoms  of  water,        H1O2,        ) 

Oleic  Acid  is  obtained  by  saponifying  olein  wilh  a  strong  solution  of 
potash,  then  decomposing  the  oleate  of  potash  by  muriatic  acid,  washing 
the  oil  which  separates,  and  drying  it  with  chloride  of  calcium;  when 
cooled  below  20°  F.,  it  congeals  as  a  mass  of  needly  cryRtals.  Its  spe- 
cific gravity  at  60°  is  0'898 ;  it  is  tasteless  and  inodorous  when  pure ; 
it  is  insoluble  in  water,  but  abundantly  soluble  in  alcohol  and  ether; 
these  sottitions  react  strongly  acid  ;  its  composition  has  been  determin- 
ed l)y  Varrentrapp  to  be  C^riaeOt-f-Aq. ;  its  alkaline  sails  are  soluble, 
and  form  soft  masses,  destitute  of  tendency  to  crystallize ;  they  are  still 
more  soluble  in  alcohol.  The  earthy  and  metallic  salts  are  while,  plaa- 
tery  substances,  insoluble  in  water.  The  0/eafe  of  Lead  is  soluble  in 
ether,  by  which  it  may  be  perfectly  separated  from  the  stearate  or  mar- 
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garate  of  iead.  The  Oleic  Ether  was  furnied  by  Varrentrapp  by  passing 
muriatic  acid  gas  into  a  solution  of  oleic  acid  m  alcohol,  li  is  a  colour^ 
less  liquid,  sparingly  soluble  ia  alcohol,  lighter  than  water,  but  heavier 
than  alcohol,  from  which  it  is  deposited  as  it  forms ;  its  formula  is 
C«H^O,+  Ae.O. 

When  oleic  acid  is  distilled,  a  portion  of  it  passes  over  unaltered,  but 
the  greater  part  is  decom|)osed,  and  some  charcoal  remains  in  the  retort. 
The  dialilled  products  are  Sebacic  Acid  and  a  liquid  carbohydrogen, 
isomeric  with  olefiaiil  gas ;  sebacic  acid  is  not  produced  by  ihe  disiilla- 
tion  of  any  other  fatty  substance  than  oleiic  acid,  and  hence  may  he  con- 
sidered as  characteristic  of  it.     The  decomposition  consists  in  that 


( 1  atom  of  sebacic  acid,      CioUjOt, 
|3« - 


S  atoms  of  Lydrated  oleic  acid,  i        .       J  3  atoms  of  carbonic  acii!,  CjOj 
UssHfjOio,       ■  f  P'^''"'=''S  cartohjdrogen,  C,iH,„ 

Vresidiial  charcoal,  Ci. 

Sebacic  Acid  had  been  considered  as  a  product  of  the  destructive  dis- 
tillation of  all  fat'ty  bodies;  but  it  has  been  shown  by  Redtenbacher  to 
arise  only  from  oleic  acid  ;  the  distilled  product  is  to  be  washed  with 
boiling  water,  which  dissolves  the  sebacic  acid  ;  on  the  addition  of  ace- 
tate of  lead,  a  white  precipitate  is  obtained,  which,  being  decomposed  by 
sulphuretted  hydrogen,  gives  sulphuret  of  lead,  while  the  pure  sebacic 
acid  dissolves,  and  may  be  obtained  crystallized  by  the  evaporation  and 
cooling  of  its  solution. 

The  crystallized  sebacic  acid  closely  resembles  the  benzoic  acid  in 
properties  and  appearance;  its  solution  reddens  litmus;  its  alkaline 
salts  are  very  soluble ;  its  lead,  silver,  and  mercury  salts  are  insoluble 
in  water  ;  from  a  strong  solution  of  an  alkaline  sebacaie,  the  acid  is  pre- 
cipitated in  voluminous  crystalline  flocks  on  the  addition  of  a  stronger 
acid.  When  completely  pure,  the  sebacic  acid  is  totally  without  odour, 
(he  strong  smell  of  healed  oil  being  due  lo  the  formation  of  a  totally  dif- 
ferent substance,  Acroleon,  The  dry  sebacic  acid  has  the  formula 
tJjoH  Oj ;   when  crystallized  it  becomes  CioHa03+ Aq. 

OfUie  Action  of  Nitric  Acid  on  Stearic,  Margaric,  and  Oleic  Acids. 

By  the  gradual  oxidation  of  those  fatty  acids,  a  series  of  bodies  result,  which 
have  so  much  connexion  with  each  other  as  to  be  most  conveniently  studied  in  re- 
lation to  their  origin. 

A.  If  stearic  acid  be  digested  with  two  or  three  times  its  weight  of  common 
aquafortis  at  a  moderate  heat,  a  very  lively  action  commences  al^r  some  time,  and 
copious  red  fumes  are  given  off.  Wlien  the  mixture  has  ceased  to  froth  up,  and 
tlie  action  of  the  acid  ceases,  the  only  product  forms  a  colourless  layer  on  the  sur- 
face of  the  acid  liquor,  and  is  found  to  be  pure  Margaric  Acid.  The  change  here  is 
evidently  a  simple  oxidation,  as  Rs-l-Os  and  0.  give  SllL-fOj),  as  described  in  p. '684 

If  the  fatty  acid  be  acted  on  by  successive  quantities  of  the  nitric  acid  until  it 
disappears,  the  watery  liquor  deposites.  on  cooling,  abundance  of  crystalli!;ed  iSuc- 
cinic  Acid,  and  the  mother  liquor  of  tliese  crystals  being  evaporated  to  one  half; 
forms,  on  cooling,  a  thick  mass  of  crystals,  which  may  be  washed  with  cold  water, 
and  being  purified  by  recrystallization,  are  found  to  be  identical  with  the  acid  funn- 
ed by  the  action  of  nitric  acid  on  the  peculiar  woody  tissue  which  exists  in  oork, 
rSMftmne,  and  which  will  he  hereafter  described.  This  acid  is  termed  the  Saieric 
Acid ;  it  is  white,  inodorous,  and  of  a  feebly  acid  Caste  ;  easily  soluble  in  alcohol 
and  water ;  the  crystals  melt  at  MS",  and  when  heated  more  strongly,  ate  decom- 
posed in  great  part;  it  precipitates  solution  of  acetate  of  lead  ;  its  alkalinfl  salts  are 
soluble  and  crystallizablo ;  when  crystallized,  the  formula  of  the  acid  is  CbHsOj-j- 
Aq.  The  Suberic  Ether  was  prepared  as  described  above  for  the  oleic  ether;  it 
is  liquid,  and  its  formula  is  CsHeOs-l-Ae.O.  By  the  distillation  of  the  suberale  of 
lime,  a  volatile  liquid,  Subertme,  ia  obtained,  whose  formula  is  CjHcO, 
4E 
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The  artificial  formation  of  the  succinic  and  suberic  acids  in  this  way  is  esceeiJ- 
ingly  ['urioNs ;  but  Brumeis  and  Laurent,  tu  wbom  the  observation  is  due,  have  nol 
been  able  to  trace  tlie  precise  reaction  in  which  tliey  originate. 

D.  The  action  of  nitric  acid  on  oleic  aciJ  is  mucli  more  violent  than  on  the  steario 
aeid.  Among  the  products  of  the  reaction  are  fimnd  the  sucuinic  and  suberic  aciJs, 
but  in  addiilon,  four  other  acid  bodies,  uf  whicJi,  liowever,  a  very  sli|;ht  notice  will 
Buftice. 

The  Pimelic  Aad  forms  white  crystalline  grains,  wliicli  melt  at  273",  aiid  Buliiima 
easily  in  brilliant  needles ;  its  nllialine  salts  are  soluble,  but  ita  eartiiy  and  metallic 
salts  insuluble  in  water ;  the  furmnhi  of  the  acid  is  CiHeOa^-Aq. 

Adipic  Aeid  reaemblea  closely  the  former;  it  dissolves  in  water,  alcohol,  and 
ether ;  melts  at  233°  ;  it  subUmes  in  very  beautiful  crystals ;  its  foiniula  is  CuHg 
Ot+^'J  M'i  it  being  a  blbasic  acid. 

The  Lipic  and  Azoleic  aeids  are  still  less  important,  and  onr  knowledge  of  Iheir 
constitution  very  imperfect.  All  these  bodies  arc  obtained  froni  liie  motlier  liquors, 
from  wliich  the  succinic  and  suberic  acids  iiave  crystallized. 

The  most  important  products  of  the  action  of  nitric  acid  on  ole'jc  acid,  or  on  olei'n, 
are  Elaidine  and  the  Elaidic  AM ;  these  bodies  are  of  pharmaceutic  interest,  Irom 
Uieir  coustituting  the  dlrine  Oinlmitit,  or  Ungaenlum  Niiraiii  Hydrargyri  of  the 
Dublin  and  London  phartnacopteiaa. 

Elaidijie  is  prepared  by  the  action  of  nitric  acid,  or,  still  better,  of  the  red  fumes 
of  the  nitrous  acid  on  olein ;  the  oil  gradually  becomes  tliick,  and  finally  congeals 
into  a  hutjraceoua  mass  of  a  deep  yellow  colour.  By  digestion  with  warm  alcohol, 
a  deep  orange-rcd  oil  is  dissolved  out,  and  the  pure  ela'idine  is  obtained  perleotly 
white :  it  melts  at  97°,  is  insululile  in  water,  and  but  sparingly  so  in  alcohol ;  it 
dissolves  readily  in  ether ;  with  canstic  allialies,  it  sapunilieB  completely,  glycerine 
being  set  free.  The  whole  action  of  the  nitric  acid  in  this  reaction  is  exerted  on 
the  oleic  acid,  and  the  ela'idine  is  a  true  fat,  consisting  of  elaidic  acid  united  to 
glycerine. 

EiaJdio  acid  may  be  prepared  by  aaponifyitig  elaidine,  and  decomposing  the  alka- 
line elaidate  by  a  stronger  acid,  but  it  is  obtained  in  a  nmch  purer  form  by  passing 
nitrous,  acid  Aimes,  generated  by  heating  nitrate  of  lead  (p.  270)  into  pure  oleic  acid, 
prepared  from  oi!  of  sweet  almonds  ;  after  some  time,  the  liquid  becomes  a  nearly 
solid  mass  of  crystalline  plates,  of  a  fine  yellow  colour;  this  mass  is  to  be  boiled  in 
water  to  remove  adhering  nitric  acid ;  then  dissolved  in  boiling  alcohol,  and  allowed 
to  cool.  The  orange-red  oil  remains  in  solution,  while  Ibe  elaidic  acid  crystallizes 
in  large,  brilliant,  white  rliombic  tables.  This  body,  when  pure,  fuses  at  113°  ;  it 
dissolves  readily  in  alcohol  and  in  ether ;  these  solutions  redden  litmus ;  when 
boiled  with  a  solution  of  carbonate  of  potash,  carbonic  acid  is  expelled,  and  elaidate 
of  potash  formed ;  its  earthy  and  metallic  salts  are  insoluble  in  water.  The  crys- 
tallized elaidic  acid  has  the  formula  CT^lIeeOs-t-S  Aq, ;  it  is  a  bibasic  acid.  The 
Elaidule  of  Silver  is  hence  CsHesOj-f  2Ag.(). ;  and  the  Elaidic  Bllier,  which  is  a 

colourless  lluid  lighter  than  water,  consists  of  CTaHooOs-j-H.O. .  Ae.O. 

The  orange-red  oil,  which  is  formed  simultaneoudy  with  the  elaidic  acid,  has  not 
been,  as  yet,  accurately  examined,  and  hence  we  cannot  explain  by  precise  formulte 
the  mode  in  which  these  bodies  are  generated.  It  is  this  oil  which  gives  to  the 
Citrine  Oinlment  its  characteristic  colour  and  smell ;  it  ia  lighter  than  water,  and 
dissolves  in  alkaline  liquors,  but  does  not  form  true  soaps. 

In  the  formation  of  citrine  ointment,  the  conversion  of  the  ole'in  into  elaidinn  is 
effected  by  the  nitrous  acid  which  the  solution  of  the  mercurial  salt  always  con- 
tains, it  being  formed  by  the  deosidation  of  the  nitric  acid,  and  there  being  no  heat 
used  to  expel  it.  The  subnitrale  of  mercury  is  then  mechanically  mixed  witli  the 
elaidine  and  with  the  yellow  oil.  Some  of  the  mercurial  salt  is  ofien  decomposed, 
biiwever,  as  metallic  mercury  may  usually  be  detected  interspersed  through  the 


Both  oleic  and  elaidic  acids  give  origin,  when  heated  with  fused  hydrate  of  pot- 
ash, to  a  peculiar  fetty  acid,  discoverwl  by  Varrentrapp ;  it  is  white,  solid,  and  crys- 
talline ;  melts  at  144°,  and  has  the  formula  CsJijoOj-f-Aq.  There  is  formed,  at  the 
same  time,  a  large  quantity  of  acetic  acid.  Another  point  of  connexion  between 
the  oleic  and  elaidic  acids  is,  that  by  distillation  both  furnish  sebacic  acid. 

The  Acrdeon,  to  which  is  due  the  exceedingly  sharp  and  disagreeable  smell  of 
highly  heated  oil  or  fat,  is  generated  by  the  decomposition  of  the  glycerine,  and  in 
such  exceedingly  small  quantity,  tliaC  its  isolation  has  not  yet  been  successfully  at- 
tempteil.    According  to  the  observation  of  Brandes,  it  is  a  colourless  oil,  of  sp.  gr 
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0-6'/8,  which,  when  liiatilled  wiih  caustic  soila,  becomes  inodorous,  while  tlie  soJa 
oouibmes  wiili  a  tally  acid  ;  no  analjtiual  investigation  of  it  lias  been  as  yet  made. 

Action  of  Siilphurie  Acid  on  Margarine  and  Okine. 
When  olein  is  mixed  with  oil  of  vitriol,  the  sulphuric  aeid  coiabinea  with  hoth 
the  slycerina  and  the  oie'io  acid,  running  sulphnglycerio  and  sulphoii^ic  acida.  Tiiia 
last  IS  soluble  in  water,  but  insoluble  in  dilute  Bi])|>huric  acid  ;  and  hence,  by  adding 
water  gradually  to  the  mixture  of  oil  or  vitriol  and  ole'ine,  it  separates,  floating  as  a 
thicic  sirup  on  the  surtiice,  while  tlic  sutphoglyceric  anid  and  the  excess  ol'  anlphuria 
acid  dissolve.  Ttie  sulphole'ia  acid  thus  obtained  Ibrms,  with  lime  and  harytcs, 
Bolnble  salts,  which  are  analogous  Co  the  siilpho7i  nates  ;  when  its  sntuCinn  in  water 
is  treated,  it  i^  decomposed,  sulphnrie  aoid  becuiniuji'  Tree,  and  the  oleT';  acid  beinjf 
converted  into  two  acids,  which. have  hcen  named  the  Muaoleie  and  the  Hydralek 

These  acids  are  both  liqnid  like  oleic  acid  ;  they  are  principally  distlngnished,  as 
to  properties,  by  the  sparing  solubility  of  the  former  in  alcohol,  and  are  thus  separa- 
ted. The  uonstitution  uf  these  bodies  iiad  been  examined  by  Fremy  at  a  time 
when  the  true  constitution  of  the  oleic  acid  had  not  been  established,  and  the  fonnu- 
Ice  he  assigned  totliem  are  not  now  admissible.  Ttiey  are  isomeric  with  each  other; 
when  distilled,  they  produce  carbonic  acid,  and  two  volalile  liquids,  Okin  and  Elain, 
which  are  isomeric  witli  olefiaut  gas.  From  Che  circumstances  of  tlie  formation  of 
these  acids,  the  diange  must  consist  in  the  fixation  of  the  elements  of  water,  as  no 
other  body  containing  carbon  is  prddnced ;  but.  from  his  analysis,  the  anhydrous 
Dietaole'ic  acid  has  evidently  the  same  composition  as  the  hydraCed  oleic  acid,  and 
its  formula  is  therefore  CmH^oOs  when  in  combination,  and  CnHiiOa  when  free.  Its 
decomposition  by  heat  consists  in  the  separation  of  SO.Oj,  and  UiiH,i  remaining, 
wiiich  contains  the  elements  of  the  two  volatile  oily  liquids. 

With  margarine,  oil  of  vitriol  does  not  combine  direcCly  \  but  if  margarine  and 
olein  together,  aa  they  are  in  olive  oil,  be  mixed  with  oil  of  vitriol,  union  occurs, 
and  a  sulphomargaric  acid  is  prodaced,  which,  being  treated  similarly  to  tlie  sulph- 
oleic  acid,  gives  two  other  acids,  the  Meiamargarie  and  Hi/dromargaric.  These 
are  soluble  in  alcohol,  from  which  they  crystallize  by  cold,  so  combined  as  to  pro- 
duce distinct  saits,  and  Co  afftet  all  the  characters  of  an  independent  acid,  calle^d  by 
Fremy  the  Hj/dramargaiilic. 

If  the  mixed  solutions  of  snlphomargaric  and  sulphole'io  acids  be  left  to  decorn- 
pose  without  heat,  in  place  of  being  boiled,  the  metamargario  and  metaolerc  acids 
separate  and  float  on  the  top,  but  the  hydromargaric  and  hydrulci'o  acids  remain 
dissolved,  and  separate  only  by  bringing  the  solution  to  boil.  Each  of  the  products 
thus  obtained  is  to  be  dissolved  in  alcohol,  and  the  modliied  margaric  acids  crystal- 
lize on  cooling,  white  the  modified  oleic  acids  remain  dissolved.  The  metamarga- 
ric  acid  is  p<dymerie  witli  tiie  margaric  acid  ;  its  formula  ia  CcjHeoOe-l-S  Aq..  but 
the  lijdromargarjc  acid  contains  the  elements  of  four  atoms  of  water  more,  its 
formula  being  CssHioO|o-|-3  Aq. 

Olein  of  the  Drying  Oils. 
Tlie  oils  which  possess  the  property  of  rapidly  absorbing  oxygen  and  evolving 
carbonic  acid,  thereby  being  changed  into  a  kind  of  transparent  resinous  varnish, 
consist  of  glycerine  united  to  a  liquid  acid,  quite  distinct  from  the  ordinary  ole'ic 
acid  1  treated  with  nitric  acid,  it  yields  first  a  resinous  substance,  and  then  osalic 
acid.  The  drying  properties  of  these  oils  is  Itnown  to  be  much  increased  by  boiling 
on  litharge,  of  which  a  quantity  dissolves ;  in  tbis  case,  however,  Liebig  has  shown 
that  no  saponification  occurs ;  the  litiiarge  serving  only  to  combine  with,  and  coag- 
ulate a  quantity  of  vegetable  mucus,  which,  being  diffused  througli  the  oil,  prevented 
iCs  acting  as  rapidly  on  the  air  as  it  does  when  pure. 

Of  Cocoa-tallow  and  Cocoa.sl.earic  Acid. 

The  albumen  of  the  cocoa-nut  contains  a  solid  fat,  which  is  extracted  from  it, 
and  impojted  largely  into  these  countries,  to  be  used  in  the  manufacture  of  candles. 
It  is  a  mixture  of  ordinary  olein  with  a  stearine,  which  contains  a  peculiar  acid. 
The  olein  and  stearine  are  separated  by  pressure  or  by  ether,  or  by  solution  in  boil- 
ing alcohol,  from  which  the  stearine  crystallizes  on  cooling,  exactly  as  described  for 
ordinary  stearine. 

The  cocoa-stearine  is  while  and  crystalline  ;  its  specific  gravity  is  0925 ;  insoin- 


b,  Google 


583  PALMITINB,    PALMITIC     ACID,    ETC. 

ble  in  water ;  it  dissolves  but  sparingly  in  alcohol,  except  when  boiiing ;  it  is  more 
soluble  in  et}ier  ;  it  melts  al  77°.  The  products  of  its  decomposition  by  lieat  have 
not  been  well  examiaed.  With  caustic  alkalies  it  forms  soaps,  from  which,  by  a 
Btroiiger  acid,  the  cocoa-stearic  acid  is  separated.' 

This  acid,  parified  by  repeated  crystallizations  from  aleohol,  is  brilliant  white ;  it 
fiises  at  95°,  and  cannot  be  distilled  without  total  decomposttion.  Its  formula  waa 
fbund  by  Bromeia  to  be  CnHioOij-l-Aq. ;  its  allialinQ  salts  are  soluble,  but  the  earthj 
and  metallic  sails  are  insoluble  in  waier.  By  the  process  described  for  oleic  ether, 
the  eoooastearic  ether  was  prepared  by  Bromeia  ;  it  is  a  clear  oil,  lighter  than  w.i 
ler ;  its  formula  is  OirHiaOs-j-AeiO. 

Palm  Oil  and  Palmitic  Acid. 

This  solid  oil,  which  ia  now  extensively  employed  in  the  manafacture  of  yellow 
Boap,  is  prepared  in  Africa,  by  pressing  and  boiling  the  fmits  of  the  cocoa  butyracea 
or  of  the  aroira  elais ;  it  is  of  the  consistence  of  butter,  reddish-yellow  colour,  and 
an  aromatic  odour.  When  kept,  it  acquires  a  I'ancid  smell,  and  becomes  white ; 
the  colour  results  from  a  small  quantity  of  a  substance  which  may  be  decompoaed, 
and  the  palm  oil  bleached  by  chlorine  or  any  oxidizing  agents.  Besides  ardlnaiy 
oleine,  this  oil  conlaina  a  peculiar  stearine,  Palmiiine,  which  has  been  accurately 
examined  by  Fremy  and  Stenhouse. 

Pnie  Palmitine  melts  at  118°,  and  is  crystalline.  It  is  insoluble  in  water,  very 
sparingly  soluble  even  in  boiling  absolute  alcohol,  but  abundantly  soluble  in  ether. 
It  is  quite  neutral  J  when  saponified  by  potash,  and  the  soap  decomposed  by  an 
acid,  palmitic  acid  is  set  free.    The  palm  oil  of  commerce  umially  contains  a  large 

Juantity  of  free  palmitic  acid,  and  hence  is  more  easily  saponiHed  than  any  other 
it ;  it  also  contains  free  glycerine,  so  that  the  palraitine  would  api>ear  to  undergo 
a  spontaneous  decomposition. 

Palmitic  Acid  melts  at  140° ;  it  dissolves  in  hot  alcohol,  and  crystallizes  therefrom 
by  cooling.  Its  formula  in  crystals  is  CeiHesOg'{-SH.O. ;  it  is  a  bibasic  acid ;  its 
silver  salt  is  CBjHHOo+SAg.O.  The  PiUmiiic  Ether,  which  may  be  prepared  by 
heating  palmitic  acid  with  alcohol  and  oil  of  vitriol,  is  solid,  and  crystallizes  in  line 
prisms,  which  melt  at  70°,  and  have  the  formula  CwHcaOs+SAe.O.  By  distilla. 
tion,  the  palmitic  acid  is  not  altered  ;  by  the  action  of  chlorine,  hydrogen  is  removed 
from  it.  and  an  acid  containing  chlorine  produced,  the  formula  of  which  appears  to 
be  CmHm  .  ClaOs. 

The  constitution  of  palmitine  was  found  by  Stenhouse  to  be  expressed  by  the 
lormnla  CioHseOs,  from  which  should  follow,  that  the  substance  united  with  the  pal- 
mitic acid  is  formed  of  CsH^Oa,  and  hence  differs  from  common  glycerine,  CaHTOj, 
in  having  lost  the  elements  of  three  atoms  of  water.  This  would  be  a  very  impor- 
tant fact  to  reinvestigate. 

Nutmeg  Butter.  MyrisUc  Acid. 
This  substance  is  a  mixture  of  an  aromatic  volatile  oil,  with  three  fate,  of  which 
two  are  easily  soluble  in  alcohol,  and  are  thus  simply  separated  from  the  third, 
which  has  been  termed  by  Playfair  Myristiaae.  Of  the  fats  soluble  in  alcohol,  one 
is  liquid  and  the  other  eoUd ;  but  we  do  not  know  whether  they  are  peculiar,  as  the 
anal;fses  of  Playfair  have  been  confined,  to  the  third. 

Pure  myristicine  is  obtained  by  crystallization  from  its  ethereal  solution ;  It  has 
a  silky  lustre,  and  melts  at  88°.  When  saponified,  it  yields  glycerine  and  Myrittir 
Add.  This  substance  is  snow-white  and  crystalline,  easily  soluble  in  hot  alcohoV 
and  then  reddening  litmus ;  it  melt^  at  130° ;  ita  composition  ia  expressed  by  ihe 
forinula  CzjHsTOa+Aq, ;  its  salts  are  very  well  characteriaed  and  crystallizable. 
The  MyrisUc  Ether  is  analogous  in  constitution  to  the  stearic  ether  (583),  consist- 
Two  atoms  of  myristic  acid,  ^^CisK^Oe, ) 

One  atom  of  ether,  =C,HsO.,    }  One  atom  of  myristic  ether,  CejHeoOa, 

One  atom,  of  water,  =H.0„       ! 

The  myristicine  was  found  by  Playfair  to  have  the  formula  CjisIlusOi;,  consist 

Four  atoms  of  myristic  acid,  ^CiuHiosOia,  ) 
One  atom  of  dry  glycerine,    =GBH,Oi,,       ^CusHnsOis. 
One  atom  of  water,  =H.O,,  S 

Bv  distilling  myristicine,  much  acroleon  is  generated,  but  no.sebacie  add. 
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Ordinary  Bviier.  Butyric,  Capro'ic,  and  Capric  Actds, 
iiutiiii  is  a,  mixture  of  six  dUferent  fata,  viz.,  common  steartne,  margaritie,  and 
•JlBiae,  vvitli  butyrine,  capro'ine,  and  caprine;  b;  toeitine  tlie  butter,  and  Icec^pingit  far 
some  days  at  a  temperature  of  68°,  tlie  atearine  and  niar^rine  crystallize,  wliile 
tlie  otliers  remain  liquid.  By  meana  of  aicoiiol,  the  oleine  is  then  separated  from 
tlie  other  fats,  which  are  more  easily  soluble  in  that  menstruum ;  Iheir  farther  pu- 
rification depends  on  successive  solutions  in  alcahol,  but  aone  of  them  can  be  coo:- 
Bidered  as  having  been  obtained  completely  pure. 

Baiyrine  is  B  colourless  uil,  with  the  odour  of  heated  butter.  It  solidifies  at  33"  j 
with  alkalies,  it  gives  a  soap,  and  sets  glycerine  free,  its  elementary  composition 
U  not  hnown. 

Caprdinc  and  Caprine  cannot  be  obtained  sufficiently  free  from  hutyrine,  or  from 
eacii  other,  to  be  described. 

When  butter  is  saponified,  and  the  soap  decomposul  by  tartaric  acid,  stearic, 
margario,  and  oleic  acids  separata,  while  the  other  acids  remain  dissolved.  On  dis- 
tilling this  liquor,  the  butyric,  capric,  and  caproVc  acids  pass  over  along  with  the 
ivater.  and,  being  neutralized  by  barytes,  the  three  barytic  sails  are  separated  by 
repeated  crystallizations.  Of  these  acids,  the  history  of  the  Butyric  Acid  is  most 
complete.  It  is  a  clear,  oily  liquid,  of  a  penetrating,  sour  smell  of  rancid  butter ; 
tastes  pungent  and  acid,  and  leaves  a  white  mark  on  the  tongue.  Its  specific 
gravity  is  3-976 ;  its  boiling  point  is  above  213° ;  it  burns  with  a  brilliant  white 
flame,  and  is  abundantly  solnble  in  water,  alcohol,  and  ether.  Its  formula  is 
CiHaOj-l-Aq. ;  when  distilled  with  lime,  it  gives  a  neutral  volatile  liquid.  Bub/rone, 
whose  formula  is  CaHsO.  The  Capro'ic  Acid  agrees  in  properties  closely  with  the 
butyric  acid,  but  has  a  characleristic  odour  of  sweat ;  its  fommla  is  CrjHgOi^Aq. 
The  Capric  Acid  crystallizes  in  fine  needles,  which  melt  at  66°,  and  have  the  for- 
mula CuHuO>-f-Aq. 

Of  Fish  Oils,  Delphinine,  and  Delphinic  Acid. 

These  oils  are  generally  composed  of  ordinary  margarine,  stearine,  and  oleine , 
but  some,  as  whale  oil  and  dolphin  oil,  contain  a  peculiar  fat,  Ddpkinme,  which 
yields  Delphinic  Acid.  From  the  fish  oil  the  delphinine  is  extracted  by  eold  alcohol. 
Which  dissolves  it  more  readily  than  the  other  oils ;  it  is  liquid,  of  specific  gravity 
0'S54  {  it  is  not  acid,  but  becomes  so  by  exposure  to  tlie  air ;  it  saponifies  readilj. 
From  tlie  soap,  the  delphinic  acid  is  separated  by  tartaric  acid,  and  may  be  obtained 
pare  by  distillation.  It  Is  a  thin  oil,  of  specific  gravity  0933 ;  it  boils  above  313°, 
and  distils  unchanged ;  it  has  a  peculiar  aromatic  smeSl ;  tastes  acid,  and  reddens 
litmus  stron^y ;  it  dissolves  in  twenty  parts  of  water;  its  formula  is  CioHjOj-l-Aq., 
and  when  distilled  with  lime,  it  gives  a  volatile  neutral  liquid,  DeipUnim,  <J»HbO. 

Tha  li^phioic  acid  has  been  found  in  the  berries  of  the  viburnum  opulus,  and  its 
composition  being  the  same,  and  its  properties  very  closely  resembling  those  of  llie 
valerianic  acid,  I  think  it  very  likely  that  a  re- examination  of  it  would  demonstrate- 
its  identity  with  that  remarkable  vegetable  acid. 

Of  Castor  Oil  and  its  Products. 

The  oil  of  the  riclnus  communis  (castor  oil)  is,  according  to  I.ecanu  and  Oussy, 
a  mixture  of  three  iats,  rici  no-stearin  e,  rioino-oleine,  and  ricine,  whicli  are  all  easily 
Eoluble  in  alcohol.  Iiike  the  fats  of  butter,  they  can  be  but  imperfectly  separated ; 
but,  when  saponified,  Ihey  yield  acids,  which  can  be  more  accurately  examined ; 
the  soap,  being  decomposed  by  muriatic  acid,  yields  an  oil,  from  which,  by  cooling, 
the  Ricino-stearie  Acid  crystallizes,  and  the  remaining  oil,  when  distilled,  separates 
into  the  Bicinie  Acid,  which  passes  over,  and  the  Ridn-oteic  Acid,  which  is  not  vol- 
atile. 

Purified  by  recry stall  ization  from  alcohol,  the  ricino-stearie  acid  forms  pearly 
scales,  which  are  easily  soluble  in  alcohol,  redden  litmus,  and  do  not  melt  below 
898°.  The  ricin-olerc  acid  freezes  a  few  degrees  below  33°.  The  ricinic  acid  is 
solid  and  crystalline,  melts  at  71",  and  distils  unchanged  at  a  temperature  but  littls 


higher. 
When 


I  is  acted  on  by  nitrous  acid,  it  is  converted  into  a  solid  sub- 
stance, termed  by  Bondet  Palodne;  it  is  white,  of  a  waxy  appearance,  and  melts  at 
151"  ;  it  is  easily  soluble  in  alcotio]  and  ether ;  with  alkalies,  it  yields  glycerine 
and  PiUmic  Acid.  We  do  not  possess  any  knowledge  of  the  elementary  composi- 
tion of  these  bodies. 
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The  products  of  (he  complete  oxiilation  ot  castor  oil  hy  ritrio  acid  liave  been  ae- 
curately  examined  by  Mr.  Tilly.  Tlie  action  is  violent,  anil  much  nitrous  acid 
fumes  are  given  off.  Besides  suberic  and  lipinic  acids,  a  peculiar  fatty  acid  ia 
formed,  which  is  colourless,  of  an  agreeable  amell,  aniJ  a  sweet,  stimulating  taste  ; 
it  boils  at  300°,  but  cannot  be  distilled  without  being  in  great  part  decomposed. 
Its  liirmula  was  found  to  he  Ci4His0a--{-Aq, ;  he  formed  the  etherof  this  acid  in  the 
way  described  for  oleVc  ether,  and  ascertained  its  formula  to  he  CuHiaOa-}-Ae.  O.  This 

body  is  termed  the  Ferananlkic  Acid,  as  i'  ""   '   '      " '^  '  '     ' 

as  the  cenanthic  acid  which  exists  in  wini 
with  an  atom  more  of  oxygen. 

Oil  of  TigUunt,     Crotonine.     Crotmic  Acid. 
The  experiments  that  have  been  made  on  this  oil  have  not  given  very  satisfac- 
tory results :  by  saponilicatiun,  it  yields  an  acid  which  is  exceedingly  volatile ;  but 
whether  the  active  properties  of  the  oil  reside  in  this  crotonic  acid  is  not  esiab- 
lished,  nor  have  any  analytical  results  been  obtained  as  to  its  constitution. 

Of  iJie  Manufacture  of  Soaps  and  Plasters. 

Although  the  general  principles  of  the  constitution  of  soaps  have  been 
frequently  alludeil  lo  in  the  description  of  individual  falty  siibsiances,  and 
a  detailed  account  of  their  manufacture  would  be  out  of  i»lace  in  ihe  pres. 
ent  work,  yet  it  may  not  be  uninteresting  to  notice  briefly  some  cir- 
cumataticea  of  the  processes  employed,  which  could  not  be  deduced  from 
the  mere  theory  of  their  nature,  and  yet  ai'e  essential  to  praclical  success. 

There  are|found  in  commerce  three  varieties  of  soap;  1st,  hard  while 
soap,  which  is  made  from  lallow  and  caustic  soda  ;  2d,  liard  yellow  soap, 
wliich  is  made  from  soda  with  tallow,  palm  oil,  and  resin  ;  3d,  soft  soap, 
in  which  the  alkali  is  potash,  combined  with  whale  or  seal  oil,  ond  some 
tallow.  The  difference  of  consistence  depends  principally  upon  the  nl- 
kali  J  as  the  falty  salts  of  soda. unite  with  water  lo  form  true  hydrates, 
which  are  completely  solid,  while  the  potash  salts  absorb  water,  and  form 
a  ae  mil  ran  spa  rent  gelatinous  mass,  such  as  is  the  ordinary  soft  soap. 

For  the  preparation  of  the  hard  white  soap,  a  solution  of  caustic  soda 
is  prepared,  of  specific  gravity  1-050,  by  decomposing  sodii-nah  by  the 
proper  quantily  of  lime  ;  the  sodaley  being  brought  to  boil,  the  tallow 
ia  added  in  small  portions  at  a  time,  until  the  free  alkali  has  been  nil 
combined  with  fatty  acids,  and  the  ley  wil!  saponify  iio  more.  The  li- 
quor contains  then  free  glycerine,  and  the  fatty  sulla  of  soda,  all  dissolved 
together  in  the  water;  and  as  the  soap  scarcely  crystallizes,  a  peculiar 
method  is  necessary  to  separate  it  from  the  solution.  This  is  founded 
on  the  fact  thai  soap  is  insoluble  in  a  solution  of  common  salt.  If  to  a 
solution  of  soap  in  water,  as  much  common  .salt  be  added  as  the  waiei 
can  dissolve,  the  soap  is  separated,  and  floats  on  the  surface  of  the  li- 
quor completely  deprived  of^  water.  But  this  is  not  ihe  slate  in  which 
the  manufacturer  wishes  it  lobe.  Hence  the  salt  is  added  bui  gradually 
to  ihe  soap-ley,  and  the  water  then  dividing  itself  between  Ihe  salt  and 
llie  soap,  u  point  is  obtained  at  which  the  soap  is  in  its  proper  liydraled 
condition,  and  this  being  recognised  by  the  appearance  of  the  boil  and 
thotextureofthelayerof  soap,  the  latter  is  run  into  wooden  boxes,  where 
It  congeals,  and  is  then  cut  by  n  wire  into  the  forms  it  has  in  commerce. 

The  hard  white  soap  thus  made  generally  contains  from  forty  to  filly 
per  cent,  of  water.  When  very  hard  it  still  retains  above  thirty,  and 
may  hold  seventy  per  cent,  without  being  very  sofi. 

The  formation  of  the  YelloiD.  or  Resin  Soap,  depends  on  the  direct 
combinuiiDii  of  an  acid  re^^hi  {colo]  bony,  p.  578)  with  soda.     In  thia 
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case  no  glycerine  is  set  Ci-eo,  as  there  is  no  proper  saponilicalion.  A 
mere  cumpuunil  uf  rasia  and  soda  would  b<!,  huwi;ver,  loo  soh,  uiid  also 
.  act  too  puweriuliy  on  clulliiis ;  and  hence  tliere  ia  always  a  quHntity  of 
fat  iiddeil,  generally  lallow,  and  some  palm  oil,  which  brighlens  tlit;  cdI. 
OLir,und  iiiiiska  ih:^  diiiagrccable  odour  ol' the  resin.  Aguud  soap  h^liuuld 
ccniain  two  purls  of  fatly  matior  lo  one  nf  resin. 

The  Soft  Soap  is  manuCnciureJ  liy  heniing  the  oils  in  shallow  pans, 
and  gradually  adding  a  strung  soluiion  of  caustic  potash,  hoiliiigand  con. 
tiuually  agiwiing  the  mass  until  tho  milkiness  produced  by  Uie  oil  vitii. 
isliea,  the  mass  becomes  trunsparent,  and  the  froth  subsides.  As  this 
soap  cannot  be  separated  from  the  liquor  by  the  addition  of  coiiimon  suit, 
winch  would  decompose  it,  forming  a  soda-soup  mid  chloride  of  pctassi- 
um,  the  liquor  is  evaporated  uoiil  the  operator  i-ecognises  that  it  has  at. 
taiucd  the  proper  stri^ngTh,  and  it  ia  tlieii  cooled  an  rapidly  at  possible. 
The  glycerine  of  the  oils  exists,  therefore,  mixed  through  the  aubsiance 
of  the  soap.  To  give  it  greater  consistence,  some  tallow  i,s  gf^nerally 
employed ;  and  the  slearale  of  potash  crystallizing  gradually,  forms  the 
white  points  which  are  seen  in  most  specimens  of  soft  soap, 

Piasters  are  meialiic  soa](s.  Of  these,  the  only  one  of  pharmaceutic 
importance  ia  the  LUIiargc  Piaster,  prepiired  by  boiling  litbirge,  olive  oil, 
and  water  together;  oleate  and  margarate  of  lead  are  formed,  and  fioat 
upon  the  surface;  when  the  mass  has  obtained  the  proper  consistence, 
it  is  removed,  and  formed  into  rolls  for  use.  The  watery  solution  con- 
tains glycerine  and  a  large  quantity  of  oxide  of  lead  dissolved,  [f  lith. 
arge  plaster  be  digested  in  ether,  oleate  of  lead  dissolves,  and  the  mar- 
garate of  lead  is  left  behind. 

Of  Spermaceti,  Eiltal,  and  iJie  derived  Bodies. 

Spermaceti  exists  in  the  cavities  of  the  head  of  the  physeler  macro- 
cephalus,  and  some  allied  species  of  whales,  dissolved  in  the  spermaceti 
oil,  from  which  it  separates  by  crystallization  nfier  the  dt-ath  of  the  ani. 
mal.  To  obtain  it  pure,  it  is  to  be  crystiillized  repeatedly  from  its  alco- 
holic solution  by  cooling  ;  it  is  a  remarkably  beautiful  crystHlline  iiu, 
melting  at  120°,  and  volatilizing  at  6B0°  without  change,  if  the  air  Ite 
e.^cloded.  By  Iwiling  with  very  strong  aikaling  solutions,  it  gradually 
saponifies,  a  margarate  and  an  oleate  being  formed;  but,  in  place  of 
glycerine,  a  peculiar  base,  which  is  termed  <Elhal,  being  set  free.  To 
obtain  it  pure,  spermaceti  is  saponified  by  being  fused  with  half  its 
■weight  of  potash  ;  the  resulting  mass  being  digested  with  water  and  mu. 
riatic  acid,  the  oily  acids  and  ihe  elhal  separate  from  the  liquor  and  float 
upon  the  surface.  Being  then  mixed  with  lime,  which  comliiiics  with  the 
oily  acids,  and  boiled  in  absolute  alcohol,  t!ie  elha!  dissolves,  and  crystal, 
lizes  out  on  cooling. 

Ii  is  a  solid  crystalline  while  substance,  destirnle  of  taste  or  smell ; 
neutral  lo  test  paper;  it  melts  at  119",  and  volalilizps  rapidlv  at  250°; 
it  is  insoluble  in  water;  its  formula  isC„H3,0„  or  C^H^O.  +  Aq.  The 
spermaceti  itself  consists  of 

a  atomsof  margarie  acid,  ^CesHaoOe,   ; 
t  atom  of  oleic  acid.         =Ch,Hs!,0,, 
3  atoms  of  etlLal,  =Cm^vaOe.  \ 

The  elhal  is  remarkable  for  its  analogy,  in  composilion  and  prof 
to  the  bodies  of  the  alcohol  group  ;  like  them,  it  may  be  looked  u 
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formed  of  water  tinitet!  lo  a  carbo hydrogen,  isomeric  with  olefiant  gas, 
and  .by  distilling  ethul  wilh  glacial  phosplioric  acid,  (his  body  is  actually 
obtained,  and  has  been  termed  Cetene,  It  is  an  oily  liquid,  colourless, 
soluble  in  alcohol  and  ether ;  it  boils  at  537°.  From  its  reactions  and 
the  specific  gravity  of  its  vapour,  7846,  it  resalta  that  its  formula  is 

If  eihor  be  heated  with  perchloride  of-  phosphorus,  a  heavy  liquid  is 
obtained,  having  the  formula  C^HssCl.  j  and  by  fusing  ethal  with  potassi- 
um, hydrogen  ia  evolved,  and  a  white  solid  substance  formed,  consisting 
of  CsjHj30.+K.O.,  which,  with  water,, gives  hydrate  of  potash  and  ethal. 
Wilh  sulphuric  acid  elh^il  forms  sulphoethalic  acid,  which  resembles  the 
sulphovinic  acid,  and  has  the  formula  CajHaA  .  S.Oa+S.Oj  .  H.O. 
Parihei-,  if  the  etlial  be  healed  with  potash,  hydrogen  gas  is  given  off, 
and  an  acid  formed,  the  formula  of  which  is  03aHa|0j+ Aq. ;  it  is  term- 
ed the  EthaUc  Acid, 

From  this  analogy  of  ethal  to  wine. alcohol,  a  compound  radical,  CetyJ, 
similar  to  ethyl,  may  be  assumed  lo  exist  in  these  combinations,  and  its 
formula  be  written  C^Vis,  or  Ct.  Ethal  is  then  Ct.O.+Aq.  (See  p. 
566.) 

Wax. — Ordinary  beeswax  is  a  mixlure  of  two  substances,  which  are 
separated  by  boiling  alcohol.  Cerine  dissolves;  it  is  quite  white;  its 
speciftc  gravity  is  0-969 ;  it  is  less  fusible  than  wax ;  it  does  not  combine 
with  bases  ;  its  formula  is  C^HjoOj.  The  substance  insoluble  in  alcohol 
is  Myridne,  which  melts'  at  95°  ;  its  formula  is  Ca,HaiO.  In  yellow  wax  a 
colouring  matter  ia  present  which  has  not  been  examined.  Whea  wax 
is  bleached  by  nitric  acid,  oxygen  is  absorbed,  and  a  peculiar  substance 
formed.  Cerate  Acid,  which  has  the  formula  CjoHjoOj.  All  these  bodies 
are  probably  derived  from  oils,  isomeric  with  otlo  of  rosea,  which  exist 
in  the  flowers  of  odoriferous  plants. 

When  cerin  is  boiled  wilh  solution  of  potash,  a  soap  is  formed,  and 
from  this  a  peculiar  waxy  substance  (Ceraine)  is  obtained,  as  ethal  is  from 
spermaceti:  its  properties  are  but  very  little  known  ;  from  an  analysis 
by  Ettling,  its  formula  would  appear  to  be  CsHibO,. 


CHAPTER  XXIV. 


Tartaric  Jcid.— CjH^O|o+3  Aq. 
This  important  acid  exists  in  most  Itinds  of  fruit,  occasionally  free,  but 
more  usually  combined  with  potash,  forming  cream  of  tartar,  or  as  tar. 
trate  of  lime.  For  the  purposes  of  commerce,  it  is  almost  exclusively 
prepared  from  the  bitartrale  of  potash.  This  salt  exists  abundantly  in 
grape-juice,  and  being  but  very  slightly  soluble  in  spirituous  liquors,  it 
gradually  separates  as  the  alcoholic  fermentation  proceeds,  and  collects 
ia  irregularly  crystallized  layers  on  the  insides  of  the  casks  in  which  the 
wine  is  made.     It  is  purified,  as  will  be  elsewhere  described. 
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When  one  part  of  carbonate  of  lime  ib  added  to  a  solution  of  four  parta 
of  bitartraie  of  potash,  one  iialf  of  the  larturie  acid  f.omtiir.es  with  the 
lime,  carbonic  acid  being  expelled  with  elfervescence.  TarLrale  of  lima 
precipitaCeti  as  a  white  powder,  and  neutmi  tartrate  of  potu^h  remains 
dissolved.  By  the  addition  of  chloride  of  calcium  to  the  liquor,  this  por- 
tion, also,  of  tartaric  acid  is  thrown  down,  and  chloride  of  potuMsium  ia 
formed.  The  whole  quantity  of  tartrate  of  lime  being  then  colleeied  and 
washed,  it  is  to  be  digested  with  a  quantiiy  of  oil  of  vitriol,  half  the 
.  weight  of  (he  cream  of  tartar  employed,  and  diluted  with  lour  parta  of 
water;  sulpliate  of  lime  is  formed,  and  tartaric  acid  set  free.  The  mix- 
lure,  having  been  boiled  for  a  abort  time,  is  to  he  sirained,  and  the  liquor 
evaporated  geatly  to  a  pellicle;  the  tartaric  acid  then  crystallizes  on 

The  tartaric  acid  forma  colourless  oblique  rhombic  prisms,  generally 
tabular,  as  in  the  figure,  where  i,  m,  m  are  jmraary,  and  /vr/~\^ 
a,  c,  m  secondary  faces  ;  it  is  permanent  iu  ihe  nir,  and  icf  h-\  '  Vi 
dissolves  readily  in  half  its  weight  of  water ;  it  is  also  (.^^"^— ^^^7"\/ 
easily  soluble  in  alcohol ;  its  taste  and  veactioa  are  ^^'^  ]w/»y 
strongly  acid.  When  heated,  it  abandons  water,  and  ^^^-iHi/ 
forms  two  acids  which  will  be  again  noticed.  When  a  solution  of  it  is 
long  exposed  to  the  air,  it  absorbs  oxygen,  and  forms  carborjio  and  acetic 
acids.  This  effect  may  be  instantly  produced  by  boihng  it  with  an  ex- 
cess of  oxide  of  silver,  metallic  silver  being  set  free. 

Tartaric  acid  is  known,  by  its  not  being  volatile,  and  by  leaving  a  co. 
pious  coaly  residue  when  heated.  If  it  be  fused  with  potash,  it  is  de- 
composed, acetic  nod  oxalic  acids  being  produced  (p.  476) ;  wilh  other 
oxidizing  agents,  as  black  oxide  of  manganese  and  sulphuric  acid,  it  gives 
carbonic  and  formic  acids.  A  solution  of  tartaric  acid  precipitates  lime- 
water,  but  the  precipitate  is  redissolved  by  an  excess  of  acid  or  by  so- 
lution of  sal  ammoniac.  The  soluble  neutral  tartrates  give  white  pre- 
cipitates, wiiich  are  not  crystalline,  with  the  neutral  salts  of  lead,  lime, 
and  silver,  which  all  redissolve  in  an  excess  of  acid. 

The  tartaric  acid  is  bibasic,*its  formula  being  CsH^Oio+S  Aq. ;  aev 
eral  of  its  salts  are  of  considerable  importance. 

Bitarlrate  of  Potash.  Cream  of  Tartar. — CsHioOj+K.O.Aq. 
This  salt,  just  now  noticed  as  being  deposited  from  grape-jiiico,  accord- 
ing as  alcohol  is  formed,  is  sent  into  commerce  under  the  name  of  Argol, 
which  is  red  or  white,  according  to  the  kind  of  wine  it  was  deposited 
from.  This  is  dissolved  in  boiling  water,  and  mixed  with  some  pipe- 
clay, which,  combining  with  the  colouring  matter  of  the  grape,  renders  it 
insoluble ;  the  clear  liquor  is  then  allowed  to  cool  slowly,  and  the  cream 
of  tartar  ia  deposited  in  irregular  crystals  on  the  sides  of  the  vesse!,  slill 
containing  a  small  quantity  of  tartrate  of  lime.  It  crysfatlizes  in  right 
rhombic  prisms,  as  in  the  figure,  y,  m',  u  being  primary,  """"^ 
and  a,  a',  i,  m  secondary  planes.  It  is  but  very  sparingly  r 
soluble  in  cold  wdler,  requiring  80  parts  at  60°,  and  7  (, 
parts  at  213°  ;  hence  an  excess  of  tartaric  acid  produc 
a  crystalline  precipitate  in  solutions  of  potash  which  a 
not  very  dilute.  By  calcining  cream  of  tartar  either  alone  or  wtih  nitre, 
the  toci  or  icAiiejiieces  employed  in  metallurgy  are  formed  (p.  534).  Its 
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calcination  furnishes  also  ihp  purest  source  of  corbunaie  ofpoiasli,  which 
lietice. derives  iw  name  of  Sail  of  Tartar  (p.  487). 

NeiUral  Tartrate  of  Potash.  Soluble  2'arto?-.— CsH^O.o+K.O. .  K.O. 
This  aalt  K  formeil  by  adiiiog  cream  of  tartar  to  a  hoL,aol[itioii  of  car- 
bonate of  potash,  until  this  he  completely  neutralized.  It  cryMlnllizes 
with  difficulty  in  right  rhombic  prisms,  which,  when  pure,  are  not  deli, 
quesi-ent  100  parts  of  waier  dissolve  130  pans  of  it  at  60°,  and  209 
paits  at  213°,  Any  acid  added  to  its  solution  takes  half  the  potash,  and 
prti  ipunics  cream  of  tartar. 

'Ihe  Tartrates  (f  Ammonia  resemble  closely  those  of  potash.  The 
neutral  Tartrate  of  Soda  crystallizes  in  large  rliombic  prisms  like  nitre ; 
It  IS  veiv  soluble  in  water;  its  formula  ja  CsHAo-f  Na.O.  .  Na.O. 
_-.—       +4A(i. 

Tartrate  of  Potash,  and  Soda.  Rorhelle  Sa/i,  C.HAo 4- 
K.O.  .  Na.O.  +  10Aq.,  is  (irepared  by.  neutraiizin};  u  ttot 
soluiion  of  carbooate  of  soda  with  cream  of  tartar  ;  by  evap- 
oration and  cooling  it  forms,  large  prismatic  lirystals,  with 
many  sides,  of  (he  right  rhombic  systsm,  jt,  m,  «  being 
xT'lX  primary,  and  i,  i,  t,  e,  e  being  secondary  faces.  These 
V^*""!!--^  crystals  are.  remarkable  for  being  of\«n  but  half  formed,  so 
as  lo  present  the.  aspect  represented  in  .the  lower  figure. 
Its  lasie  is  mildly  saline,  and  not  very  disagreeable,  whence 
lis  popularity  as  a  medicine.  It  is  permanent  in  the  air  ex- 
cept it  be  very  dry,  when  it  effloresces  slightly  at  the  sur- 
face; it  dissolves  in  two  piirts  of  cold  waiei'. 
The  TarlTaie  of -Lime  is  very  sparingly  soluble  in  water,  and  is  precipitated  as  a 
wtiite  powder,  when  solatiuns  ota  neutral  tartrate  and  or  a  salt  of  lime  are  mixed. 
It  dissolves  in  an  excess  of  acid ;  and  if  this  solution  be  neutralizeil.  it  is  depnsil^d 
in  smalt  uotohediul  crystals,  which  have  the  forniula  CgHiOit+Ca.O.  .  Ca.O.+S 
Aq.  Nolaer  lias  asserted  that,  whenlartrateof  time  is  mixed  with  yeast,  a  ferment- 
ation sets  in,  hy  which  a  new  acid,  Pteuda-acelic  Acid,  is  produced ;  this  requires, 
however,  confirmation.. 

Proialarlrate  of  trot,  CsH,Oio+2Fe.O.,  is  a  white  powder,  very  sparinely  solu- 
ble in  water;  it  is  formed  in  minute  crystals  when  hut  solutions  of  pi-otosutphate  of 
iron  and  of  cream  of  tartar  are  mised  together.  The  PrelolarlTiile  of  Iron  and  Pot- 
tuh,  CsHjOiirl-Fe.O.  .  K.O.,  is  formed  hj  digesting  cream  of  tartar  and  water  with 
rnetallic  iron.  Hydrogen  gas  Is  evolved,  and  a  white,  sparingly  soluble  salt  is  ob- 
tained, which,  when  exposed  to  the  air,  rapidly  absorbs  oxygen,  and  becomes  green- 
ish brown  or  black.  In  this  stale  it  contains  m&gnetio  oxide  of  iron,  and  is  mnch 
more  soluble.  Perlartrate  of  Iron,  formed  by  dissolving  the  freshly  precipitated  red 
oxide  of  iron  in  a  solution  of  tartaric  acid,  givesby  evaporation  a  brown  jelly  If 
the  red  oxide  of  iron  lie  boiled  with  a  solution  of  cream  of  tartar,  it  dissolves  abun- 
dantly, giving  a  fine  brown- red  liqaor,  from  which,  liy  cautious  evaporation,  small 
ruby-red  crystals  may  be  obtained;  but  it  is  generally  dried,  downcoinpletely,  when 
it  forms  a  translucent  brown  mass,  deliquescent  in  damp  air.  An  excess  of  tartaric 
acid  should  be  avoided,  as  it  acts  on  the  peroxide  of  iron  durmg  the  eTr.poratton, 
reducing  it  to  the  state  of  protoxide,  and  carbonic  acid  being  given  off.  Ilcnce  the 
pharmacfipceiaa  direct  perfect  neutrality  of  the  liquor  to  be  secured  by  the  adiiitiiin 
ofa  small  qaantity  of  ammonia.  The  formula  of  this  salt  is  CsHiOio-j-K.O. .  FVOj. 
It  is  very  soluble  in  water,  and  its  solution  is  not  precipitated  by  an  excess  oC  potr.sh. 
Tartrate  of  AntimBny.—2{G3liiOm)^S\>.Os-  This  salt  is  obtained,  by  the  solutTim 
ofttie  s^uioxide  of  antimony  in  tartaric  acid ;  it  is  colourless,  and  crystallizes  in 
short  deliquescent  prisms. 

Tartrate  of  Pol^ash  and. Antimony.  Tftriflr.Emeac.— CjH^Co+K.O.  . 
Sb,03-|-2  Aq.  This  salt,  a  most  imporlant  compound  of  nntimony,  ia 
prepared  by  boiling  together  in  water  equal  weights  of  sesqoiojtide  of 
antiinony  and  cream  of  tartar.     In  the  Dublin  and  Edinburgh  pharma- 
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eopceias,  the  Powder  of  Algarolli  (p.  453)  is  employed  as  the  source  of 
oxide  of  (intimony,  bui  by  the  Loudon  college  an  impure  oxido  is  pre. 
pared,  by  gently  defljgraiing  logellier  sulphuret  of  antimony  and  nitre 
With  a  little  muriatic  acid,  and  washing  out  the  soluble  products.  In 
eiliier  case  the  oxide  of  autiuioay  replaces  the  second  i 
(ivater)  in  the  cream  of  lartar,  and  by  evaporation  and  c 
be  obtained  in  crystals,  which  are  right  rhombic  octohedro, 
secondary  planes,  us  in  the  ligure.  This  salt  dissolves 
in  fourteen  parts  of  cold  and  in  two  of  boiling  wa 
In  dfy  air  it  effloresces,  iosing  the  2  Aq.  lis  sololio 
not  affected  by  alkalies ;  but  the  oxide  of  antimony  is  . 
precipitated  by  sulphuric  or  muriatic  acids,  and  by  am- 
monia. In  tlie  preparation  of  tartar -emetic,  the  whole 
product,  from  the  iiinierials  used,  can  never  be  obtained 
crystallized ;  the  mother  liquor  contains  a  substance 
which  dries  down  to  a  transparent  mass,  like  gum  Ara- 
bic, By  alcohol  it  is  decomposed  into  tartar-emetic  and 
free  lartarii  acid.  According  lo  Kna|ip's  analysis,  this 
salt  is  tlie  nt-uiral  tartrale  of  potash  and  anlimonv,  having  the  tbrmola 
C^HA  •  K.O.-|-{aC,H505+Sb.O,)+2  Aq.  h  may  be  formed  by  dissnlv- 
i(ig  ttirt a r- emetic  in  a  strong  soiuiiun  ot  tartaric  acid,  and  then  crystal- 
'         '  i  oblique  rhombic  prisms.      In  order  to  form  this  salt. 


however,  fron 
potash  must  ei 
explained. 
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(ud  should,  i 


in  the  ores  of  antimony, 
;nily  contaminated  by  its 
lely  rejected  from  medi- 


If  tartar-emetic  be  exposed  to  a  temperature  of  480',  it  abandons,  be- 
sides its  crystal. water,  two  equivalents  of  water,  the  elements  of  which 
are  abstracted  from  the  constitution  of  the  tartaric  acid  as  generally 
assiimf^d.  In  thii  dried  tartar-emetic,  tlierefore,  the  organic  element  is 
not  CjH^Oio,  but  CjHA-  When  redissolved  in  water,  it  resumes  the 
two  atoms  of  water,  forming  ordinary  tartar  emetic  again.  Of  the  other 
salts  of  tartaric  acid,  bnt  one  possesses  this  property,  the  borotarirale 
of  potash  being  also  reduced  by  loss  of  water  at  480°  to  the  formula 
C^IlA+K-0-  ■  B-Oj.  Chemists  are  not  unanimous  in  explaining  tliis 
peculiarity.  The  simplest  idea  is,  that  these  two  atoms  of  water  exist 
ready  formed  in  these  salts,  and  that  tartaric  acid  is  really  quadribSsic; 
being,  in  its  crystallized  form,  C8HA+4H.O.  ;  the  cream  of  tartar 
being  CsHA+K.O.  .  8H,0. ;  Uochelle  salt,  U,HA+K.O.  .  Na.O.  .  2 
H.O, ;  and  for  taTtar-emellc,  the  oxide  of  antimony  replacing  three  atoms 
of  a  protoxide,  the  formula  is  CaHA+K.O. .  Sb.Oj+a  Aq.+2  Aq.,  and 
the  two  portioaa  of  water  being  retained  by  very  unequal  forces,  sire  givea 
off  at  vi'L-y  cCHerent  temperatures.  -Berzelius  considers  that  in  this  change 
the  nature  of  the  ■acid'iS  tetally  altered ';'snd  as  opinion  is  so  much  divided 
on  tlie  suSi>-ct.  I  shall  TiOt  enter "frtff her  irvtrtte'disrin^ilon. 

Ar-hon  «f  lUai  on  To.tXmvs  JUU  — WTibntarttetaaeKte  bairfiouBly  heatpd,  it  fuses 
lull!  aatass  like'^m.  and, gwes^^ff' water.  la  this 'state  it  combtnes  with  liases, 
Ibnning  salts  quite  difTereat  Tram  the  tartrates ;'  it  retains  its  bibastc  charai?ter,  t>ut 
its  atiniiio  weight  is  increased  to  one  and  a  hiAC  times'  that  of  taitaric  acid,  its  for- 
uuk  being  CulisOis+S  -^'1-     It  'bus  consulates  Tmlrahc  Amd;  it  does  not  crys- 
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tallize,  and  in  solution  gradually  passes  back  inlo  tartaric  acid.  If  the  tarlraiic  acid 
be  Hejil  lang  melted  at  ast)",  il  abandons  still  more  water,  and  forms  Ta-lrehc  Acii, 
In  wliich  (he  biiiasic  character  reiuaiiia,  ita  furmula  being  C,6Hg02o-|-2  Aq,  Tbia 
aoid  is  cbaraaterizeil  by  furnJig  insoluble  salts  with  lime  and  baryies,  lUereby  dif- 
fering Irom  the  tartralio  acid.  If  tlie  lieat  be  still  longer  kept  up,  a  porous  wljito 
mass  Is  formed,  whiuti  is  insoluiile  in  water  and  in  alcuhui.  It  is  Ankyitroua  Tar- 
taric Acid ;  its  fornmla  is  CjHiOio-  If  left  long  in  contact  with  water,  it  eliaiises 
Buceessively  into  tbe  tartrelic,  tartraiic,  and  coiinnon  tartaric  acid.  This  eltange  is 
produced  more  rapidly  by  boilmg  with  a  solution  of  putasli :  tbis  substance  appears 
lo  hold  the  same  relation  to  tartaric  acid  tliac  the  white  sublimate  does  to  tho  prop- 
er lactio  acid  (p.  536). 

If  tartaric  auid  be  distilled  at  a  still  higher  temperatnre,  it  abandons  wat«r  and 
cariionic  acid,  and  forma.  P^rolartaric  Acid,  C,H40id  giving  09"  30  Oi  and  H.O., 
and  C^HgOs  remaining-  The  process  succeeds  best  at  about  4U(I°.  This  acid  is 
white ;  it  crystallizes  from  the  distilled  liquors  in  prisms,  which  are  to  be  purified 
from  einpjrtjumallc  oil  by  recryalalliaation  and  digestion  with  animal  charcoal ;  it 
reacts  very  acid ;  it  melts  at  StO°,  and  sublimes  ai  360" ;  is  very  soluble  in  wate, 
and  alcohol.  It  is  a  monobasic  acid,  fonning  salts  which,  with  few  exception:!,  are 
soluble  and  ciysiallizable. 

Racemic  Acid. — UjHjOh,+2  Aq.  Tliis  add  is  found  in  grapcjuice, 
replucing  tartaiic  acid  to  a  greater  or  less  extent ;  its  [brrnation  ii|>[ic;ars 
to  depend  on  very  peculiar  circumstances,  as  it  bus  never  been  lound 
except  in  tlie  district  about  the  Vosges  Mountains,  and  only  in  some  sea- 
sons. It  is  combined  witli  potasli,  Ibrming  a  kind  of  cream  of  tartar, 
which  is  biracemate  of  potash,  and  from  which  it  is  prepared  by  the 
same  methods  as  have  been  described  for  tartaric  acid. 

It  crystallizes  in  colourless  oblique  rhombic  prisms,  which  contain 
water,  of  which  one  half  is  lost  by  efflorescence  in  warm  dry  air ;  ihe 
remaining  hydrate  is  identical  in  composition  with' crystallized  tartaric 
acid  j  it  tastes  and  reacts  as  strongly  acid.  In  its  relation  lo  salts,  it 
follows  exactly  the  same  rules  as  the  tarttrie  ocid,  "but  their  crystalline 
form  is  completely  dilferent ;  it  is  a  bibasic  acid,  and  its  formula,  when 
crystallized,  is  C,HjO|o+2H.O.+2  Aq.  The  characters  by  which  it 
is  distinguished  from  tartaric  acid  are,  first,  racemic  acid  requires  lea 
times  as  much  water  for  solution,  and  they  arc  hence  easily  separated 
by  cry.stallizaiion.  Second,  that  the  corresponding  salts  are  not  of  the 
same  crystalline  form.  Third,  the  racemate  of  potash  and  sodg.  is  un- 
crystallizable,  giving  merely  a  gummy  mass,  while  the  Itocheile  salt 
forms  very  large  crystals.  Fourth,  the  racemate  of  lime  is  insoluble 
in  a  solution  of  sal  ammoniac.  Tlie  two  acids,  however,  form  a  most 
perfect  exrtmple  of  isomerism,  as  not  merely. iheir  composition,  but  their 
atomic  weight  is  absolutely  the  same. 

When  heated,  racemic  acid  passes  through  precisely  the  same  changes 
as  have  been  described  for  tartaric  acid,  abandoning  water,  and  forming 
bibasic  scids,  whose  formute  are  respectively  UuHbOis+SH.O.  and  C,, 
HjOiB+ari.O.  ,  They  are  distinguished  by  their  salts,  which  differ  in 
characters  from  each  other,  and  from  those  of  the  bodies  formed  by  lar- 

By  the  destructive  distillation  of  racemic  acid  is  generated  the  Pyro- 
raceiTiic  Acid,  in  which  the  isomerism  with  the  tartaric  acid  series  is 
broken  through  ;  its  formula  being  CeHjOs.  It  differs  totally  in  proper, 
ties  from  the  pyrotarlaric  acid ;  it  does  not  crystallize  ;  it  tastes  acid  ;  its 
salts  are  all  soluble  and  crystallizable,  hut  pass  also  into  a  gummy  con- 
dition. If  a  little  crystal  of  copperas  ba  laid  in  a  solution  of  one  of  these 
ealts,  it  becomes  coloured  bright  red. 
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CUric  Add.— C,flfin-¥SB.0.+2  Aq. 
This  acid  exists  in  the  juices  of  fruits,  especially  tlie  lemon,  orange, 
currant,  and  quince.  It  is  uauiilly  ptepared  from  lemon-juice,  which  is 
clarified  by  rest,  then  saturated  with  chalk,  and  the  neutral  solution  ia 
boiled  until  the  citrate  of  lime  is  completely  deposited  ;  this  is  then  wash- 
ed and  decomposed  by  a  quantity  of  oil  of  vitriol,  equal  in  weight  to  the 
chalk  employed,  and  diluted  with  six  volumes  of  water.  After  the  sul. 
phate  of  lime  has  been  removed  by  straining,  the  liquor  is  evaporated, 
and  allowed  to  crystallize  by  very  slow  cooling ;  its  form  is  generally 
that  of  a  right  rhombic  prism,  very  much  modified,  as  in  the  figure, 
where  i,  m',  ttare  primary,  and  n',  y,  r  are  secondary  planes. 
In  this  case  its  formula  is  that  givea  above ;  but  if  its  solu-  / 
tion  be  evaporated  al  a!3°  to  a  pellicle,  it  crystallizes  while  [ 
hot  in  a  totally  different  form,  and  its  formula  is  then  CuQ 

H.0,i+3H.b.     By  exposing  the  bydrated  crystals  in  vacuo  

to  sulphuric  acid  or  to  a  gentle  heat,  the  2  Aq.  may  also  be  removed. 

than  its  own  weight  of  cold,  and  in  half  its  weight  of  boiling  water  ;  it  is 
sparingly  soluble  in  alcohol ;  when  heated,  it  fuses,  becomes  yellow,  and 
Ultimately  gives  the  usiie.1  pyrogenic  products  of  organic  acids.  It  is  a  ' 
trjbasic  acid,  and  gives  rise  to  three  classes  of  salts ;  and,  as  these  con- 
tain different  quantities  of  combined  water,  their  history  was  very  confu- 
sed until  Liebig  explained  their  true  constitution.  Very  few  of  these 
salts  are,  however,  of  practical  or  medicinal  interest. 

Citrate  of  Soda  Crystallizes  in  efHorescent  prisms,  having  the  form'ila  CiiHsOn-f- 
3Ns.0.-f-4  Aq,-]-7  Aq.  By  eipoauTo  lo  a  heat  of  213°  the  7  Aq.  are  removed,  aad 
at  400"  the  remainiag  4  Aq.  are  driven  ofF:  Berzeliua  is  of  opinioa  that  in  this  ac- 
tion the  real  constitution  of  the  citric  acid  is  changed,  and  iliac  it  is  partly  convert- 
ed into  acunitic  acid ;  but  the  point  is  not  yet  experimentally  decided,  and  Liehig's 
views  exjilain  the  plienomena  with  such  beautiful  simplicity,  that  I  have  no  heaita- 
tion  in  adopting  ^em,  at  least  provisionally. 

The  Citrate  of  Lime  is  obtained  by  mixing  solutions  of  a  soluble  citrate  and  of  a 
B^t  of  lime  i  it  forms  a  white  powder,  sparingly  soluble  in  pure  water,  but  much 
more  80  if  the  liquor  be  acid.  Its  constitution  ia  Ci2H50,i-(-3Ca.O.+4  Aq.  When 
boiled  with  an  excess  of  lime-water,  citric  acid  forms  a  baste  Citrate  of  Lime,  which 
is  less  soluble  than  the  neutral  salt. 

The  Citrates  of  Lend  and  of  Barylea  are  white  powders,  insoluble  in  water,  form- 
ed by  double  decomposition,  and  resembling'  in  constitution  the  citrate  of  lime; 
there  are  also  basic  salts,  the  formation  of  which,  as  in  that  of  lime,  appears  to  re- 
sult from  the  crystal-water  (3  Aq.)  of  the  acid  being  more  or  lesa  replaced  by  metal- 
lic oxide,  in  addition  to  that  wliich  fulfils  the  proper  basic  function. 

The  citric  acid  ia  easily  recognised  by  forming  no  precipitate  with  lime-water  un- 
leaa  the  liquor  be  heated:  Ita  potash  salt  ia  also  very  soluble,  even  with  an  excess 
of  acid ;  it  ia  thus  di^inguiahed  from  the  racemic  and  tartaric  aclda. 

When  citric  acid  ia  heated,  it  fuses,  gives  off  water,  and  is  converted  into  an 
acid,  whicb,  fivm  being  lound  in  the  aconitmn  napellus,  is  called  Aconilic  Acid,  but 
it  exists  also  abundantly  in  various  species  of  equiaelura,  and  is  hence  often  called 
Eqaisetic  Acid.  To  complete  the  change  of  the  citric  acid.  It  must  be  distilled  iui- 
til  the  gases  which  come  over  cease  to  be  inflammable,  and  oily  droj^  appear  in  the 
receiver ;  the  process  is  to  be  then  interrupted,  the  mass  remaining  in  the  retort  to 
be  dissolved  in  water,  the  solution  filtered  and  evaporated  to  a  pellicle.  On  cool- 
ing, it  forms  a  cryatalline  mass,  from  whicb  ether  dissolves  out  the  aconitic  acid, 
and  leaves  unaltered  citric  acid  behind  ;  the  former  may  then  be  obtained  crystal- 
lized by  evaporation. 

Aconitic  acid  is  soluble  in  water,  alcohol,  and  ether ;  its  formula  is  Ci2HaOa-|- 
B  Aq. ;  like  citric  acid,  it  is  tribasic ;  it  forms  well-eharaeterized  salts  :  the  acom- 
tate  of  ether  liad  been  mistaken  for  citric  ether ;  for,  when  citric  acid  is  put  in  eon- 
4act  with  alcohol  and  oil  of  vitriol,  it  changes  into  aconitic  acid. 
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If  acoritic  acid  he  heatefl  until  it  boils,  it  gives  off  oarhonin  aeiil.  and  forms  Ita- 
hmic  Acid,  wfiich  distils  as  an  ollj'  liquid,  and  tortus  a  crystalline  mass  as  it  cixils ; 
by  solution  in  alcohol  and, slow  evipOration,  it  may  be  obtained  in  long  prismatic 
needles ;  its  salts,  of  which  there  are  two  classes  {it  being  bibaslc),  generally  crya- 
.  tallize  very  well,;  its  formutaris.Cii)HiO«4-SAq. ;  fiirmed  by  the  acuiiitio  acid,lpsing 
CgOt.rbut  aniatom.gf .w^ter,  Rreriously  ba^ic,  entering  into  the  organic. element. 
When  the  Tialconie  Acid  is  redistilled,  it  is  conTerted  into  water  and  a  heavy  oily 
liquid,  Ciirakonic  Acid,  the  formula  of  whinli  is  CioHaOi-f-Aq,  In  contact  with  wa- 
ter, it  forms  a  crystalline  mass  containing  2  Aq. 

All  these  products  arc  simultaneously  and  successively  formed  in  the  distillation 
of  .common  citric  acid,  Acetone  is  also  generated,  CjiHuOu  giving  SCCaHjO.),  with 
3H.0.  arid  3(C.0j). 

Malic  j3cid.-~C,Ufi,+  2H.0. 
This.acidexists  in  most,  fruits,  associaled  with  citric  and  tartaric  aciclB, 
but  is.  found  pureat  and  most  abundant  in  tbe  berries  of  the  mountain  ash 
and  in  tlie  hnus^ieek.  The  best  mode  of  extraction  is  the  following,  de- 
Vised  by  Liebig.  The  juice  of  the  berries  of  the  mountain,  oah  {sorbua 
aucuparia)  is  to  be  nearly,  but  not  completely,  neutralized  by  lime,  and 
the  liquor  then  boiled  for  some  hours,  during  which  the  malate  of  limo 
precipitates  as  a  sandy  while  powder  ;  when  no  more  fulls  down,  the 
neutralization  is  completed  by  adding  a  little  more  lime,  and  on  cooling, 
the  remainder  of  the  salt  is  obtained.  This  maJiite  of  lime  is  to  be  dip- 
solved  by  boiling  in  the  smallest  possible  qunnfily  of  very  dilute  riiric 
acid.  On  cooling,. the  acid  malate  of  lime  crystallizes,  and  is  to  ba 
purified  by.  recrystallization.  This  soil  being  then  decomposed  by  ace- 
tate of  lead,  malate  of  lead  is  formed,  which,  being  acted  on  by  sulphu- 
retted  hydrogen,  gives  sulphuret  of  lead  and  free  malic  acid  ;  by  evapo 
ration  of  the  liquor  and  cooling,  a  sirup-thick  hquid  is  obtained,  which, 
after  long  repose,  forms  a  white' crystalline  mass. 

Malic  acid  is  deliquescent,  and  very  soluble  in  water.  It  tastes  and 
react-?. strongly  .acid  ;  its  relations  to  bases  are  very  curious  ;  thus  mag. 
nesia  is  the  only  earth  by  whose  carbonate  it  can  bo  completely  neutral- 
ized. This  arises  from  its  tendency  to  form  salts,  in  which  one  atom  of 
basic  water  is  preserved,  it  being  a  bibasic  acid.  Another  peculiai'ity 
pointed  out  by  Hagen  is,  that  it  forms  with  many  bases  two  neutral  salts, 
of  which  one  retains  water  with  obstinacy  at  312°,  at  which  tempera- 
ture the  other  at  once  abandons  it.  When  crystallized  it  appears  to  con- 
tain only  basic  water  ;  its  formula  is  hence  CsHjOi-l-S  Aq.  None  of  its 
salts  are  of  technical  or  medicinal  interest,  and  hence  require  but  brief 
notice. 

The  alkaline  malates  are  very  soluble  in  water,  scarcely  crystalliza- 
ble,  sparingly  soluble  in  alcohol. 

.The  Malate  of  lame  forms  as  a  granular  white  precipitate  when  malic  acid  is 
neutralized  by  limC-  Its  formula  is  CeH^Oe-l-SCa-O.  ;  it  separates  in  hard,  brilliant 
crystals,  which  contain  5  Aq-,  when  the  following  salt  is  neutralized  by  an  altaline 
carbonate.  Bimalaie  of  iVtnc,  CBH4084-Ca.O.  .  H.O.+B  Aq.,  crystallizes  in  large 
right  I  rhombic  octohedrons.  Water  dissolves  it  abundantly  when  boiling,  but  very 
sparingly  when  cold. 

.The  Malate  o/"i«ai,  OaHjOs-l-SPb.O,,  precipitates,  on  mixing  solutions  of  a  solu- 
ble malate  with  acetate  of  load,  as  a  white  curdy  mass,  which,  after  some  time, 
changes  into  minute  but  brilliant  crystalline  scales.  By  boiling  in  water,  a  small 
quantity  of  it  is  dissolved,  which  separates  in  brilliant  plates  on  cooling.  It  fuses 
below  SIS",  and  is  then  nearly  insoluble  in  water. 

Malic  acid  is  distinguished  both  from  tartaric  and  citric  acids  by  not  giving  any 
precipitate  with  lime-water  either  by  heat  or  when  cold. 
When  malic  acid  is  heated  to  a  temperature  of  about  400°,  it  abandons  water  and 
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gives  origin  to  two  acids,  of  which  one. is  remarkable  as  being  fonnd  nafiirally  ex- 
isting in  several  pianls.  Thej  are  tlie  Malck  Acid  and  Ihe  Fumaric  Acid,tbe  latter 
BO  called  [fOai  bxving  been  first  discovered  in  the  funiaria  officinalis.  These  acida 
are  isomeric,  the  reaction  being  in  boEh  cases  tbat  CeHiOg  produces  SH.O.  and 
CsHtOg.  Both  acids  may  be  formed  in  the  same  process;  the  maleic  acid  passes 
(ivet  with  the  water,  and  crystallizes  from  the  condensed  liqnor ;  the  less  volatile 
fumaric  acid  constitutes  the  residue  in  the  retort,  which  solidifies  into  a  crystalline 
Biass  as  it  cools.  From  the  plants  which  contain  (bis  acid,  It  may  be  obiaiiied  bj 
precipitating  the  clarilied  juices  by  acetate  ofiead,  and  decomposing  the  salt  of  lead 
.  by  sulphuretted  hydrogen.  The  liquors  yield  the  acid  by  crystallization  when  con- 
eentrated  to  the  necessary  degree. 

The  Maleic  Acid,  which  had  been  thought  identical  with  the  Acmitic  Add,  al- 
ready noticed,  forms  crystals  of  a  soar,  bitter  taste;  soluble  in  water,  alcohol,  and 
ether.  When  healed,  it  abandons  water,  and  the  anhydrous  acid  remains,  which, 
if  the  water  be  allowed  to  flow  back,  gradually  changes  into  fumaric  acid.  This 
anhydrous  acid  melts  at  167°,  and  subtiines  at  350".  Of  its  salts,  that  of  baryte* 
alone  is  remarkable ;  it  is  a  white  precipitate,  which  changes  soon  into  a  mass  of 
brilliant  plates. 

The  Fumaric  Aciil,  which  exists  also  in  Iceland  moss,  crystallizes  in  fine  lon^ 
prisms,  which  fuse  with  difficulty,  .and  volatdize  first  at  400°.  It  requires  SOO  parts 
of  water  for  its  siJution,  When  heated,  it  is  decomposed  into  water  and  anhydrous 
maleic  acid.  The  fumarate  of  silver  is  so  insoluble,  Ihat  one  part  of  the  acid,  dis- 
solved in  300,000  parts  of  wateri  is  precipitated  by  nitrate  of  silver,  but  the  precipi- 
'tate  dissolves  in  nitric  acidi  The  salts,  with  cupper,  iron,  and  lead,  are  also  very 
sparingly  sidnhle. 

When  muriatic  acid  gas  Is  passed  into  a  solution  of  malic  acid  in  absolute  alco- 
hol, Hagen  found  that  the  ether  formed  contains  fumaric,  and  not  malic  acid.  Itis 
a  liquid,  heavier  than  water,  of  an  agreeable  smell.  With  potash  it  gives  alcohol 
atid  fumarate  of  potash.  Its  formula  is  C4H,034-Ae,0,  On  adding  water  of.  am- 
monia to  this  ether,  a  substance  is  deposited  in  hiilliant  white  scales,  insoluble  in 
-cold  water  and  in  alcohol,  but  dissolved  by  boiling  water.  It  is  Famiwamid.  Ua 
formula  being  CiH,  .OaAd.  Bypotash,  amnionia  is  set  free,  and  fumarate  of  potash 
fiirmed. 

Meconic  Acid.~CuH.O„+3H.O.+2  Aq. 

This  ai-id  is  found  only  in  opium ;  it  is  best  extracted  by  adding  chloride  of  cal- 
cium to  an  infusion  of  opium  in  cold  water.  A  while  precipitate  ol  mixed  meconate 
and  sulphate  of  lime  occurs.  This,  being  washed  with  hot  water  and  with  alcohol, 
is  to  be  treated  with  dilute  muriatio  acid,  heated  to  about  180°.  The  meconate  of 
lime  dissolves,  and,  from  the  liquor  or  cooling,  bimeconate  of  lime  separates  in 
brilliant  crystalline  plates.  On  dissolving  these  in  warm,  strong  muriatic  «cid,  and 
cooling  the  solution,  the  pare.meconicacid  crystallizes.  It  may  be  freed  frqin  any 
adhering  colouring  matter  by- combination  with  potash,  decomposing  the  crystallized 
meconate  of  potash  by  muriatic  acid,  and  reerystallization. 

When  pure,  meconic  acid  is  in  brilliant  white  crystalline  scales,  containing  2  Aq., 
which  tliey  giveoif  at  213°;  it  is  soluble  in  four  parts  of  boiling  water;  it  is  a  triba- 
sio  acid^  fonoing  salts;  of  which  those  with  the  earths  and  heavy  metallic  bxides 
are  generally  inso'uble  in  water.  There  are  three  classes  of  Mcconalcs,  according 
as  the  quantity  of  fixed  base  is  one,  two,  or  three  atoms,  .Few  of  thrau  are  apeeiti- 
cally  of  iinportahce.  The  moat  characteristic  properties  of  this  acid  are,  lat,  that 
it  produces  with  solutions  of  the  peroxide  of  iron  a  b!ood-red  colour,  analogous  to 
that  of  the  aulphocyanide  of  iron,  from  which  it  is  distinguished  by  the  fact  that, 
on  the  addition  of  the  acetate  of  lead,  a  white  precipitate  is  formed,  which,  wheli 
heated  Co  full  redness  with  a  little  sulphur  and  potassium,  and  treated  with  water, 
gives  no  red  colour  with  (he  salts  of  iron  (see  page  636) ;  Sd,  that  with  nitrat«  of 
silver  it  gives  a  white  precipitate,  which  is  dissolved  by  dilate  nitric  acid ;  ths 
liquor,  however,  when  boiled,  becomes  milky,  and  deposites  cyanide  of  silver. 

If  a  strong  solution  of  Jneconic  acid  be  boiled  for  a  long  time,  or  if  the  crystallised 
acid  be  dissolved  in  strong,  boiling  muriatic  acid,  it  is  converted  into  Kemenie  Acid, 
carljonic  acid.heing  given. off.  The  crystallized  meconic  acid  undergoes  the  same 
change  when  heated  to  460°. .  This  acid  forms  granular  crystals,  which  are  solnble 
only  in  sixteen  parts  of  boiling  water,  and  have  the  formula  CijI^Os-J-SHlO,,  as  ttia 
C|jl,0ii  loses  CjOj  and  gains  H,0,  This  acid  is  bibasic ;  the  thiril  atom  of  water, 
which  was  basic  in  the  meconic  acid,  entering  into  the  radical  here.    It  also  red- 
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dens  the  per-salls  of  iron.  It  forms  two  Eeriea-of  salts,  which  in  propeitiea  resem- 
ble olosely  the  corresponJinj  raeeonatea.  When  it  is  heated  to  500°,  it  gives  off 
water  and  carbonic  acid,  and  forms  Pyromeioaic  Acid,  of  which  the  formula  is  Gia 
HjOi+H.O.  This  acid  forms  crystalline  plates,  wliich  fuse  at  SW,  and  are  vola- 
tilized hy  a  heat  little  higher.  It  is  very  soluble  in  water,  alcohol,  and.  ether ;  it  is 
a  nioiiobaaic  acid,  forming  salts,  which,  with  the  exception  of  that  of  lead,  are  all 
soluble  in  water.  Iiike  the  acids  from  which  it  is  derived,  it  strikes  a  blood-red 
colour  with  solutions  containing  peroxide  of  iron. 

Tannic  Mid,  or  Tannin.— 0^11^0^+ Sil.O. 
This  important  substance  exists  in  Ihe  bark  of  most  esogenous  trees, 
particularly  the  oak  and  horse-chestnut,  accumulated  principally  in  the 
inner  layers  of  bark.  It  is  found  also  in  the  roots  of  the  tormeutilla  and 
bistort,  ill  the  leaves  of  roses  and  pomegranates  ;  but  its  most  abundant 
source  is  the  gall-nut  of  the  oak  (qucrcus  infecioria). 

To  distinguish  this  from  the  other  kinds  of  tannin,  of  which  there  is  a 
great  number,  it  may  be  suitably  termed  GaUo.tannic  ^cid,  and  I  shall 
generallyj  though,  perhaps,  not  uniformly,  employ  that  name. 

The  method  given  by  Peiouze  for  its  eslraction,  and  which  serves  for 
the  preparation  of  a  variety  of  other  vegetable  principles,  is  as  follows  : 
Inio  a  globular  funnel,  h,  which  can  be  closed  at  the  top  by  a 
stopper,  and  lesls  in  a  bottle,  a,  as  in  the  figure,  is  to  be  inlro- 
K  dueed  a  quanlity  of  nut-galls  in  powder,  moderately  compress- 
1  ed,  after  the  tube  of  the  funnel  has  been  stopped  with  a  liltia 
'  cotton.  The  upper  empty  part  of  the  funnel  is  to  be  then  filled 
with  ether,  as  it  is  usually  in  the  shops,  containing  about  one 
ifliif  FWOl  tenth  of  water  dissolved  in  it,  and  the  apparatus  allowed  to  slanii 
ml  'IfflH  for  some  days.  The  bottle  is  then  ibund  to  contain  two  lay- 
3  of  liquid.  The  inferior,  sirnp-thick,  is  a  concentrated  so- 
tion  of  tannic  acid  in  water,  with  very  little  ether.  The 
I  upper  is  ether,  containing  but  a  trace  of  tannic  and  gallic 
I  acids.  Being  separated,  the  lower  layer  is  to  be  washed  once 
or  twice  with  a  liltte  ether,  and  then  evaporated  in  vacuo  with 
&  Cttpsule  of  sulphuric  acid.  A  faintly -yellowish  white  mass  remains,  of 
a  dislmctlj  crystalline  structure,  which  is  pure  gallo-lannic  acid.  The 
theory  of  this  process  is,  Ihal  the  lannic  acid  is  so  greedy  of  water  as  to 
withdiaw  it  from  the  ether,  and  to  dissolve  it  to  the  exclusion  of  every 
other  constituent  of  the  gall-nut. 

The  watery  soluiioa  of  gallo-lannic  acid  reddens  litmus ;  il  is  probably 
insoluble  in  absolutely  anhydrous  alcohol  and  ether  ;  its  taste  is  intense- 
ly astringent,  but  not  bitter.  The  most  characteristic  property  of  tannic 
acid  is,  that  it  combines  with  the  animal  substance  Gelaiine,  and  forms  a 
compound  insoluble  in  water,  which  is  the  basis  of  most  kinds  of  leather; 
hence  any  tissue,  as  skin,  which  contains  gelatine,  removes  gallo-lannic 
acid  from  its  watery  solution,  on  which  is  founded  the  art  of  Tanning. 
It  is  a  tribasic  acid,  and  forms  ihree  classes  of  salts,  which  are  of  inter, 
est  from  the  colours  of  precipitates  it  gives  with  metallic  solutions,  being  , 
ofttn  useful  as  a  test  for  the  presence  of  certain  metals.  Hence  an  j». 
fadon,  or  tincture  of  Galls,  is  always  found  in  the  laboratory  as  a  rea- 
gent ;  it  does  not  affect  the  solutions  of  Zinc  or  Cadmiwn,  or  the  proiox. 
idrs  of  Iron  and  Manganese,  nor  any  of  the  alkaline  or  earthy  salts. 
With  the  other  metals  it  gives  precipitates  which,  with  Lead  and  Jlnli. 
mony,  are  while  ;  with  Copper,  gray ;  with  Tin,  Nickel,  Cobalt.  Cerium, 
Teliwiam,  and  Silver,  are  various  shades  of  yellow ;  with  Tantalum  and 
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Bismuth,  ni'e  orange  ;  with  Tilanium,  blood-red  ;  with  Platinum,  green  , 
with  Clirome,  Molybdenum,  Uranium,  and  Gold,  are  brown  ;  and  with  Os- 
miwm,  and  peroidde  of  Iron,  are  rich  bluish  purpie.  This  last  is  the  most 
important  of  all,  i'rom  its  great  delicacy  and  diatinctiiees.  If  the  solu- 
tions be  very  strong,  the  liquor  appears  absolutely  black,  and  consiitules 
the  material  of  ordinary  wrilLng  ink. 

The  insolubility,  and  consequent  inactivity  of  tartrate  of  antimony,  ia 
taken  advantage  of  in  medicine,  infusion  of  oak-bark  or  galls  being  em. 
ployed  as  an  antidote  in  pojuoning  by  tarlar-emetic.  1  shall  have  occa 
sion  hereafter  to  notice  its  use  in  the  detection  and  neutralization  of  the 
vegetable  alkaloids, 

The  galJo-lannic  scid  is  not  the  only  kind  of  tanning  material  employ, 
eii  in  the  manufacture  of  leather  ;  yet,  as  the  others  will  hereafter  coma 
undsr  notiee,  1  shall  give  Humphrey  Davy's  estimate  of  the  compauative 
power  of  SLtcl)  substances  as  contain  true  tannic  add.  He  found  the 
quantity  of  active  material  in  100  parts  of  the  following  bodies  to  be, 

Gall-BUIs S7-4  I    Wlite  inner  oak  bark     .    ,    ,  160 

Oak  bark  entire 6'3  White  inner  horse-chestnut     .  15'3 

Horse-chestnut  barkeittire    .    .    43         Sicilian  sumach Jli-3 

Elm  baik  eniLre S't    |    Malaga  sumach IM 

These  numbers  are  but  approximative,  and.  such  as  are  given 'by  very 
rough  processes,  the  true  quantity  of  tannic  acid  present  being  much  lar- 
ger ;  thus'lhe  gall-nuts  easily  yield,  by  Pelouze's  method,  forty  per  cent 
of  pure  product. 

When  a  solution  of  tannic  acid  is  exposed  to  the  air,  it  is  decomposed , 
absorbing  osygen  and  evolving  carbonic  acid,  the  liquor  becomes  colour 
ed,  and  a  large  quantity  of  gallic  acid  ia  found  to  be  produced. 

Gallic  .^dii.— C,H.03+2H.O.+Aq, 
This  remarkable  substance  does  not  appear  to  exist  naturally  formed 
in  plants,  hut  is  generated  by  the  decomposition  of  gallo-tannic  acid. 
Powdered  galls  are  to  be  made  into  a  thin  paste  with  water,  and  exposed 
to  the  air  for  some  weeks,  at  a  temperature  of  about  80°,  water  being 
supplied  according  as  it  evaporates  liway  ;  the  resulting  mass  ia  to  be 
boiled  with  water,  and  the  gallic  acid  crystallizes  out  of  the  liquor  as  it 
cools.  By  digestion  with  ivory  black  and  recrystallization,  it  ia  obtain- 
ed completely  piire. 

In  this  process  the  reaction  is  very  simple,  as  an  atom  of  tannic  acid, 
CisHjOii,  absorbing  from  the  air  eight  atoms  of  oxygen,  produces  4C.0) 
aud  a(C,H.0,-I-3  Aq.). 

The  conversion  of  gallo- tannic  acid  into  gallic  acid  may  occur,  ho  we?, 
er,  without  the  access  of  air,  and,  indeed,  be  effected  almost  instaniane. 
ously  ;  thus,  if  tannic  acid  be  boiled  in  a  strong  solution  of  potash  for  a 
few  minutes,  and  an  excess  of  sulphuric  acid  be  then  added,  a  copioua 
product  of  gallic  acid  ia  obtained  crystallized  on  cooling  ;  or,  if  sulphu- 
ric acid  be  added  to  a  strong  solution  of  gallo-tannic  acid,  and  the  pre- 
cipitate thus  formed  be  washed  with  a  small  quantity  of  water,  and  'iien 
added  gradually  to  boiling  dilute  sulphuric  acid,  it  dissolves,  and  on  cool, 
ing  the  gallic  acid  crystallizes.  In  these  reactions,  which  succeed  also 
perfectly  with  infusion  of  galls,  some  other  substances  must  be  simulta- 
neously formed,  which  are  as  yet  not  known.  Grallo-lannic  acid  contains 
exactly  the  constituents  of  gallic  acid  and  acetic  acid,  as  C,sH40,=2(C, 
4  G 
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.n.03)+CJIa03 ;  but  Liebig  has  dolevmino<l  llial  ucclic  ncIJ  is  not  pro- 

T liis  change  may  occur  in  the  nut-gall  itselT,  which  it  is  very  probable 
tains  a  minciple  analogous  to  yeast,  wliich,  under  fiivourable  cirt-urii. 
icos,  induces  liiis  kind  of  decom|iositiun  in  the  galjo.tanjiie  acid.  Thi.i 
.,  first  suggested  by  Rubiquet,  has  derived  much  support  frtiin  the  ex 
inents  of  Larocque,  wliu  tound  that  the  matter  of  the  nul-gall  which 
r  the  extraction  of  the  tannin  has  the  pownr  of  exoitiiig  the 
aluoholic  fermentation  in  solutions  of  sugar.  As  yet,  howevej',  we  pos- 
sess no  accurate  knowledge  of  the  theory  of  this  interesting  transniuta- 

Pure  gallic  acid  crystallizes  in  colourless  oblique  rhombic  prisms,  as 
■M.ainthefigure,  where  i  is  a  secondary  plane;  it  tastes  biiter  and  slightly 
acid,  and  requires  100  parts  of  cold,  but  much  less  of  boiUiig 
water  for  its  solution  ;  it  ts  leas  soluble  in  nlcohul ;  its  crys- 
tals conlain  three  atoms  of  water,  of  which  one  is  expelled  ata 
temperature  of  330",  but  the  remaining  two  are  only  remov- 
ed when  replaced  by  bases.  It  is  a  bibasic  acid,  forming  nvo 
classes  of  sails  ;  those  with  tlie  alkalies  are  very  soluble  ;  the 
earthy  and  metallic  salts  are  insoluble-  in  water."   With  a 

iier-salt  of  iron,^  gallic  acid  gives  a  blackish-blue  precipiiate,  which  dif- 
ers.  froKi  the  tn'nnate  of  iron  in  becoming  gradually  colourless,  the  acid 
being  decomposed,  and  the  iron  reduced  to  the  state  of  protosidc  ;  ihis  is 
effected' instantly  by  boiling,  carbonic  acid  gas  being  evolvetl.  The  gaU 
lie  acid  is  farther  distinguished  from  the  tannic  by  not  precipitating  gcla- 
line  nor  any  of  the  vegetable  alkalies. 

Products  of  ihe  Becomposiium  of  Gallic  Acid. 

Pt/rogallic  Arid.— -Wlien  gallic  aeid  is  carefally  heated  to  about  400°,  it  ia  totally 
decomposed  into  carbonic  auid  and  pyrogallic  acid  (C7HsOs=C6H80a+C03),  whicli 
Enblimes  in  brilliant  white  plates;  it  is  easily  soluble  in  etUer,  alcohol,  and  water; 
it  reacts  feebly  acid ;  it  fuses  at  240°,  and  sublimes  at  400°.  If  a  solution  contain- 
ing perosida  of  iron  be  added  to  a  solation  of  pyrogallic  acid,  a  black  colour  is 
struck,  but  the  iron  ia  rapidly  reduced  to  the  state  of  ptotoxide,  and  the  liquor  as-' 
sames  a  rich  red  tint;  If,  however,  a  salt  of  pyrogallic  acid  be  ased,  the  solation 
remains  permanently  blue. 

■■  MclangalUc  Add. — If,  in  the  distillation  of  pyrogallic  acid,  the  temperature  be  al- 
.loWed  to  rise  beyond  450°,  it  is  decomposed,  water  is  given  off,  and  a  shining,  jet- 
black  mass,  like  coaJ,  remains  in  the  retort,  which  is  this  body ;  its  fiirmula  is 
CiiHaOa,  being  formed  from  a(CaHaOa>  by  loss  of  3H.0. ;  it  is  insoluble,  in  waicr, 
alcohol,  and  ether ;  at  a  temperature  of  500°  it  is  totally  decomposed  into  the  ordi- 
nary pyrogen  ic  products ;  it  dissolves  in  alkaline  solutions,  forming  salts  of  a  black 
colour,  Which  do  not  crystallize ;  these  salts  give  black  precipitates  with  solutions 
of  theeartby  and  metallic  salts. 

If  galio-tannic  acid  be  heated  to  about  400°,  it  is  resolved  totally  into  pyrogallic, 
melangallic,  and  carbonic  acids  and  water. 

■  EUagic  Add. — In  the  formation  of  gallic  acid  by  the  slow  fermentation  of  tannic 
'acid,  a.  certain  qaantity.  of  ellagic  acid  generally,  though  not  constantly,  appears. 
Being  insoluble  in  water,  it  remains  when  the  gallic  acid  has  been  dissolved  out; 
and,  by  digesting  the  residue  with  a  weak  solution  of  potash,  it  is  taken  up,  and 
may  then  be  precipitated  by  muriatic  acid. 

'  It  foims  minute  crystals,  wbbse  (brmilla  is  C7H.03-1-H.O.-1- Aq.  The  Aq:  is  driven 
-ofTby  a  heat  of  313°,  and  the  dry  acid  is  then  isomeric  with  the  gallic  acid,  but  it  is 
.-monobasic ;  it  is  very  feebly  acid,  not  expelling  carbonic  acid  from  its  salts ;  the 
earthy  and  metallic  Ellagales  are  all  insoluble,  and  all  white  or  yellow. 

If  gallic  acid  be  heated  to  230°  witb  oil  of  vitriol,  it  dissolves,  and  on  cooling, 
brilliant  crystals  of  a  dark  scarlet  colour  are  deposited,  which  constitute  Parcliagit 
^icid.   This  body  is  isomeric  vJiik  ellagic  acid ;  it  forms  wUh  bases  salts  which  are 
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generally  red. ,   It,  ia  yiottbj  of  notiae,  that  ellagiu  a.eid  aeted  on  by  oil  of  vitriol 
gires  no  paroUagic  aciil. 

It  isiiuPB  jirobably  besttonolice  tlie  formatiun  of  what  has  been  termed 
Artijioial  Tannin ;  it  is  produced  by  mixing  one  piut  of  nlmoat  uny  kind 
of  :«et5etuble  substance  with  fivo  parts  of  oil  of  vitriol,  lelling  the  mixiure 
stand  for  some  days,  and  then  Imaliiig  it  as  long  us  any  sulphurous  acid 
gas  is  evolved.  A. black, mass,  remains,  from  which  the  remajjinig  acid 
ia  Co  be  washed  with  water,  and  then  the  tannin  dissolved  out  by  alcohol ; 
the  solution  is  dark  brown,  and  when  evaporated  gives  a  black  extract- 
ive matter,  which  tastes  astringent,  smells  of  burned  sugar,  and  dissolves 
in  water ;  it  precipitates  gelatine,  but  does  not  affect  ihe  salts  of  iron 
like  true  tannin. 

Another  and  a  very  singular  manner  of  producing  orlificial  tannin 
consists  in  boiling  pure  charcoal  in  nitric  acid  as  long  as  any  reaction 
occurs  ;  the  liquor  is  then  brown  ;  being  evaporated  lo  the  consistence 
of  a  sirup  and  mixed  with  water,  a  brownish-yellow  substance  fails,  and 
the  filtered  solution  gives,  by  evaporation,  a  hard  black  mass,  which  red- 
dens litmus,  tastes  astringent,  is  soluble  in  water  and  alcohol,  and  copi. 
ously  precipitates  gelatine  ;  when  heated,  it  smells  like  horn,  and  contains 
nitrogep  ;  it  precipitates  most  metallic  salts  brown.  The  true  nature  of 
these  bodies  is  not  well  known,  as  they  have  not  been  much  studied  since 
llie.methods.of  organic. chemistry  acquired  their  present  exactness  ;  they 
are  probably  mixtures  of  many  bodies,  as  ulmine  in  its  various  forms 
with  crenic  and  aprogrenic  acids. 

Caieahvic  Add  and  Catechulannic  Add. 

Tlie  Calecha,  or  Terra  Japimka,  a  brown  extract  prepared  from  tbe  wood  of  the 
mimosa  catechu,  appears  to  contain  at  least  four  acids,  the  precise  composition  and 
connexion  of  which  have  not  yet  been  definitely  established.  The  rough  catechu, 
as  unported,  ia  of  extensive  use.in  medicine,  and  in  the  arts  for  tanning  and  forgiv- 
ing a  rich  permanent  brown  dye.  Davy  estimated  that  100  parts  of  Bengal  catechu 
contafn  forty-eight,  and  of  Bombay  catechu  about  fifty-four  per  cent,  of  useful  tan- 
ning material. 

If  catechu  be  treated  with  ether,  by  the  method  of  displacement  as  described  iot 
tannic  aold,  the  liquor  does  not  separate  into  two  layers,  but  a  strong  solution  of 
Caicckaiannic  Acid  in  ether  is  obtained,  which,  by  evaporation,  yields  it  as  a  pale 
yellow,  scarcely  crystalline  mass,  in  taste  and  appearance  similar  to  tannic  acidj 
its  solution  in  water  precipitates  gelatine,  but  not  tartar-emetic ;  with  tbe  sails  of 
peroxide  of  iron  it  strikes  an  intensely  olive-green  colour,  which  is  best  marked  with 
the  percbloride,  being  somewliat  pur[de  with  the  persulphate ;  exposed  to  the  air, 
its  solution  rapidly  absorbs  oxygen,  becomes  red,  and  finally  brown,  depositing  a 
brown  insoluble  matter.  Tliis.change  ia  instantly  effected  by  any  oxidizing  agent. 
.  The  cateehiitannie  acid. has  been  analyzed  byPelouze,  who  ascribes  to  it  the 
formula  OiaHiOs+Aq. ;  it  would  thus  app^r  to  be  formed  by  the  abstraction  of  four 
atoms  of  oxygen  from  tannic  acid. 

When  oateehu  has  been  deprived  of  the  oatechutannic  acid  by  ether  or  continued 
waabinga  with  cold  water,  the  residual  mass  is  to  be  boiled  in  alcohol,  and  the  fil- 
tered liquor  evaporated  to  one  third  of  its  volume ;  on  cooling,  Catechuk  Add  crys- 
tatli^es.  If  coloured,  it  is  to  be  dissolved  in  boiling  water,  precipitated  byacelate 
of  lead,  the  catechnate  of  lead  diffused  through  boiling  water,  and  decomposed  by 
sulphuretted  hydrogen ;  the  liquor  being  filtered,  gives,  on  cooling,  a  perfectly  whita 
and  pure  catechuic  acid ;  it  forms  satiny  fiakes,  indistinctly  crystallised ;  it  is  very 
little  soluble  in  cold  water,,  but  abundantly  in  boiling  water  and  in  alcohol ;  it  is  in- 
spluble  in  ether;  its  solution  is  not  acid;  it  appears  to  exist  in  very,  dilferent  states 
of  hydration,  or,  possibly,  different  kinds  of  catechu  contain  substances  whtoh  are 
totally  distinct,  for  tbe  formulEB  assigned  to  it  are  quite  discordant,  and. chemists 
are  not  agreed  quite  as  to  ita  properties.  Svanberg,  who  esamined  the  catechu 
from  the  mimosa  catechu,  gives  as  its  formula  CisHsOs-l-Aq.  Zwenger,  who  slates 
tbe  suhatanoB  he  worked  with  to  be  the  produce  of  the  nauclea  gambu,  givea 
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CjoHgOs-j-Aq.  1  and  Hagen,  who  used  Bengal  catechu,  found  the  oatecliuiejicid  to 
be  CitHgOe-H  M"  ^^^  '^  '^^  ^i>"  CuHgOg-J-SFb.O.  Additiunal  researchea  are 
requiied  to  clear  up  this  cunfusiou. 

Wlien  catecliuic  acid  ie  heated,  it  fuses,  gives  nff  water,  and,  lin ally,  a  white  crys- 
taliine  siibtimate,  Pt/rocaiechia,  which  has  the  formula  CeHiO.-|-Aq. ,  its  character- 
istic property  is  that  of  forming  a  hrighl  green  aoiutioii  with  alcohoi. 

If  asiilution  of  either  of  the  acids  now  descxihed  be  exposed  to  the  air,  osjgetiis 
absorbed,  and  mach  more  rapidly  in  presence  of  an  alkali.  The  sulHtance  formed 
is  termed  Japonic  Acid;  it  makes  up  the  mass  o(  the  coloured  portion  of  catechu ; 
it  is  almost  insoluble  in  water;  eotuble  in  caustic,  but  not  in  carbonated  alkalies. 
Svanberg  gives  for  it  the  formula  CijH204-l-Aq.  If  cateehuic  acid  be  boiled  with  a 
solution  uf  carbonate  of  potash,  Ri^nic  Add  is  formed,  whose  formula  is  said  to  be 
CisHeOa.  By  farttier  absorption  of  osygen  it  forms  japouic  acid.  None  of  these  re- 
sults, however,  can  be  considered  as  definitely  estabhshed. 

Cmckonalamtic  Acid  and  Ctnchomc  Acid. 

ITiese  substances  exist  in  the  barks  of  various  species  of  cinchona,  combined  with 
qainia  and  cinchonia.  The  hist  is  extracted  by  digestion  in  dilute  muriatic  acid  and 
precipitation  with  magnesia.  The  precipitate  is  to  be  dissolved  in  acetic  acid  and 
precipitated  with  acetate  of  lead,  which  leaves  the  alkaloids  dissolved;  the  cincho- 
natannaCe-  of  lead  being  decomposed  by  sulpiiuretied  hydrogen,  the  filtered  liquor 
.  yields,  on  evaporation,  the  Cmclumalannic  Acid  pure,  and  of  a  very  pale  yellow  col- 
our, not  crystalline.  In  properties  it  resembles  closely  ordinary  tannic  acid;  it 
precipitates  gelatine  and  tartar-emetic.  An  infusion  of  cinchona  is  hence  recom- 
mended as  an  antidote  in  cases  of  poisoning  by  tartar- emetic.  It  colours  solutions 
of  the  per-salta  of  iron  green.  By  exposure  to  the  air,  it  is  converted  into  a  rust- 
coloured  substance  termed  Ciachona  Red.  Nothing  is  known  of  the  compositioo  of 
these  bodies. 

The  CiiwSimicjicuI,  which  Berzelios  believes  to  exist  in  the  inner  bark  (albnmen) 
of  fir  and  of  most  trees,  is  obtained  by  adding  lime  in  small  quantity  to  a  cold  infu- 
sion of  cinchona  bark.  The  alkaloids  being  thus  separated,  the  liquor  is  filtered  and 
evaporated  very  carefully  to  the  consistence  of  a  sirup.  On  standing  for  a  few  days, 
tho  cinchonate  of  Ume  crystallizes  in  needles,  which  are  to  be  decomposed  by  an 
exact  equivalent  of  sulphuric  acid.  The  gypsum  being  removed  by  the  filter,  the 
solution  is  concentrated,  and  Uie  cinchonic  acid  crystallizes.  It  forms  small  acid 
needles ;  is  very  soluble  in  w^er ;  its  salts  are  all  soluble  in  water ;  it  afl'ects  nei- 
ther gelatine,  tartar-emetic,  nor  the  per-salts  of  iron ;  its  formula  appears  to  be 
CuHbOb-|-4  Aq.  When  it  is  heated,  a  substance  sublimes  in  brilliant  yellow  nee- 
dles, which  is  termed  Chinoyl,  and  consists  of  CjH.O. 

Kinoic  Add,  or  Coccotannic  Acid, 

The  substance  known  in  pharmacy  as  Gam  Kino,  which  is  an  extract  of  the 
wood  of  the  cocooloba  uvifera,  is  to  be  dissolved  in  cold  water,  the  solution  precipi- 
tated by  sulphuric  acid,  the  precipitate  washed,  dissolved  in  boiling  water,  and  solu- 
tion of  baryles  added  until  the  sulphuric  acid  is  all  removed ;  the  liquor  is  then  care- 
fully evaporated  to  dryness.  The  kinoic  acid  forms  a  crimson  transparent  mass, 
soluble  in  alcohol  and  water,  but  not  in  ether ;  its  taste  is  astringent,  but  not  bitter. 
The  salts  of  this  acid  are  not  known,  nor  has  its  composition  been  examined.  It 
does  not  precipitate  solution  of  tartar-emetic- 

Of  the  following  acids  we  possess  little  more  than  a  knowledge  of  their  probable 


hydrogen.  From  the  liquor  the  acid  crystallizes  by  e 
oxahc  acid ;  it  tastes  acid,  and  gives  with  protosalts  of 
of  copper  a  brown  precipitate. 

F'lmgic  Acid  exists  in  most  mushrooms ;  their  expr( 
coagulated  albumen  removed  by  filtration ;  the  liquor  i 
and  treated  with  alcohol  Fungate  of  potash  remains  nndissalvc'd,  from  which  the 
aoui  is  obtained  by  acetate  of  lead  and  sulphuretted  hydrogen.  Tlie  fungic  acid  is 
•wlourless,  sour,  deliquescent,  and  not  crystalline. 

Bofciic  jeiiisobtainedfrom  the  boletus  ignarius,  in  thesameway  as  the  last  acid 
is  from  other  mushrooms.     It  crystallizes  readily,  and  sublimes  without  decoinpo- 
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Kmmcrk  Acid  exists  in  rhataiiy  root  (krameria  Iriandria),  The  watery  infusion 
is  preiiipitaled,  firet  by  gelatine,  and  tiien  by  copperas.  Tlie  filtered  liquor  is  con- 
centrated, neutralized  by  lime,  preoipitaled  by  acetate  of  lead,  and  the  kramerate  of 
lead  decomposed  by  BHiphuret  of  hydrogen ;  it  crystailiKes  irregularly,  and  tastes 
strongly  acid  and  astringent ;  its  fiirmlila  is  probably  CioHsOj,  by  Liebig's  analysis, 

CaiFtcic  Add  exists  in  fiie  root  of  the  cbiocoooa  racemosa.  Its  mode  of  extraction 
rest^mbles  that  of  the  krameric  acid;  it  crystallizes  in  needles;  is  but  sparingly  eol- 
Dble  in  water ;  its  solution  reacts  acid ;  it  appears  to  liave  the  samQ  furniula  as  icra 
merio  acid,  and  perlmps  ttiey  are  really  identical, 

Verdoua  and  Verilu:  Acidi  exist  in  a  variety  of  plants  of  the  families  dipsace», 
composLtfe,  and  eupatori^;  it  is  best  prepared  from  the  roots  of  the  scabiosa  succi- 
sa.  They  are  to  be  digested  in  alcohol,  and  the  solution  mixed  with  etiier.  Impure 
verdous  acid  is  thrown  down  ;  it  is  to  be  dissolved  in  water,  and  the  liquor  precip- 
itated by  acetate  of  lead  ;  the  verdite  of  lead  being  collected  and  decomposed  b; 
H.S.,  gives  the  pure  Verdaas  Add,  which  remains  after  evaporation  as  a  clear  yel- 
a,  wliich  is  not  altered  by  the  air ;  it  reddens  litmus  strongly.     "" '"  ' 


of  the  same  radical,  but  no  exact  researches  have  been  made  about  them. 

Other  acids,  of  which  the  existence  has  b«en  only  indicated,  will  be  noticed  inde 
aoiibing  the  more  important  bodies  with  which  they  are  associated  in  the  plants. 


CHAPTER  XXV. 


The  bodies  to  be  described  in  this  chapter  are  distinguished  by  the 
absence  of  distinct  acid  or  basic  characters,  and  also  that  they  are  at 
least  so  destitute  of  colour  as  not  to  be  included  in  the  list  of  colouring 
matters.  In  other  respects  they  possess  no  direct  connexion  with  each 
other,  and  are  united  only  for  convenience  of  ai'ianfjoment. 

Pectin,  or  Vegetable  Jelly. 
This  substance,  which  is  to  be  carefully  distinguished  from  animal 
jelly,  or  Gelatine,  to  which  it  by  no  means  bears  the  relation  that  the 
albumen  of  plants  does  to  that  of  animals,  is  very  extensively  diffused, 
being  found  m  almost  every  kind  of  plant,  and  distributed  through  all 
Iheir  parts.  It  is  very  easily  prepared  from  the  expressed  juice  of  white 
beet,  celery,  parsley,  currants,  cherries,  or  plums.  It  is  sufficient  to 
filter  the  juice  and  mix  il  with  alcohol ;  after  some  hours,  the  pectin 
separates  as  a  consistent  jelly,  which  is  to  be  collected  on  a  filter,  wash- 
ed with  alcohol,  and  dried  by  a  very  moderate  heat.  It  forms  a  trans- 
parent mass,  like  isinglass,  and  is  almost  insipid.  When  immersed  in 
water,  it  swells  up  ;  one  part  gives  a  firm  jelly  with  100  parts  of  water. 
When  acted  on  by  nitric  acid,  it  produces  peclic  and  the  mucic  acid.  It 
precipitates  the  salts  of  baryies,  lead,  copper,  and  sesquioside  of  iron,  but 
does  not  affect  solutions  of  silver,  of  protosulphate  of  iron,  of  tartar- 
emetic,  of  tannic  acid,  or  of  silicate  of  potash,  lis  formula,  as  from  the 
experiments  of  Fremy,  is  C^Hi,Ojs.  By  long  boiling,  or  by  contact  with 
Bny  powerful  acid  or  base,  it  changes  into  the  following  substance : 
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rectic  Ac-id  appears  to  esiat  naturally  coralilned  with  lime  in  many  plants,  and  is 
precipitated  Irom  their  juice  on  the  addition  of  muriatic  acid.  The  precipitale  is  to 
be  boiled  with  a  little  lime,  and  tbe  suKition  again  decomposed  hy  ifiiiriatio  acid. 
Tlie  pectlc  acid,  wbtch  then  separatee  pure,  is  tu  be  wasbed.witbdiatilled  water  and 
dfied.  '  It  diies  not  cryBtallize,  hat  Ibnns  white  transparent  scales,  tastes  -diatinclly  ■ 
acid,  and  reddens  litmus.  It  dissolves  very  sparingly  in  cold,  but  more  copiously 
in  boiling  water;  the  solution  is  colourleaa,  and  dues  not  gelatinize  on  cooling,  but 
is  coagulated  to  a  transparent  jelly  by  arads,'  by  lime-water,  alcolinl,  and  many 
salts.  Sugar  gradually  converts  the  solution  into  a  firm  jellyi  and  is  ibus  usetiil  in 
tbe  manuiacture  of  the  preserves  of  juicy  fruits, 

Tbe  poetic  acid  is  Jsomeric  with  pectin,  its  formula  being  C24Hiinn.  It  appeals 
to  be  bihasic,  the  pectat«  of  lead  being  CjjHi;OH+BPb,0,  lis  alkaline  salts  are 
soluble  in  water,  but  the  others  are  insoluble,  and  form  traiispaTent  jellies  whtla 

If  pectin  or  pectic  acid  be  boiled  in  a  solution  of  potash^  the  alkali  being  in  ex  - 
cess,  until  the  liquor  ceases  to  give  any  precipitate  on  the  addition  of  muriatic  acid, 
MeUipcctic  Acid  is  formed.  On  the  addition  ofsiigar  of  lead,  metapectate  of  lead  is 
thrown  down,  which,  being  decomposed  by  sulphuretted  hydrogen,  the  metapectio 
acid  dissolves,  and  is  obtained  by  cautious  evaporation  to  dryness.  Its  taste  and 
reaction  are  strongly  acid ;  it  deliijUesbes,  and  dissolves  easily  in  alcohol  and  water; 
it  is  not  volatile.  When  dry,  it  is  isomeric  with  the  preceding  bodies,  its  formula 
also  being.C24Hii(^;  but  its  salts  contain  five  atoms  of  base.  Those  of  the  alka- 
lies are  soluble  and  uncrystallizable,  but  those  of  tbe  earths  and  heavy  metallic  ox- 
ides are  insoluble  in  water. 

Of  Salieine,  and  the  Bodies  derived  from  it. 

Tbia  substance  exists  in  the  leaves  and  bark  of  a  great  variety  ol 
trees,  but  is  particularly  abundant  in  those  species  of  salix  which  have  a 
bitter  taste.  The  bark  is  to  be  boiled  three  or  four  times  with  water, 
the  decoction  evaporated  till  it  amounts  to  but  three  limes  the  weight  of 
the  bark  employed,  then  digested  for  twenly-lbur  hours  with  oxide  of 
lead,  and  the  clear  liquid  evaporated  to  the  consistence  of  a  sipu;i.  After 
n  few  days  this  becomes  a  mass  of  crystalline  fibres,  which,  separaitd 
by,  pressure  from  tlie  mother  liquor,  arc  to  be  purified  by  solution,  diges- 
tion with  animal  charcoal,  and  recryatallization. 

When  pure,  salicine  is  in  the  form  of  small  white  rectangiilar  crvaial- 
line  plates  or  prisms;  its  taste  is  very  biiter.  It  dissolves  in  eighteen 
parts  of  cold  and  in  one  of  boiling  water ;  it  is  soluble  in  aicoliol,  hut 
not  in  ether ;  at  312°  it  melts,  and  on  couling  solidifies  into  a  eryatalline 
mass.  The  composition  of  salicine  has  been  very  accurnlely  determin. 
ed;  its  formula  is,  when  crystallized,  C2|H|20b+2  Aq. ;  it  precipitates  ihe 
basic  acetate  of  lead,  forming  a  white  compound,  the  formula  of  which  is 
C2,H,A+3Pt..O. 

The  products  of  the  decomposition  of  salicine  are'  exceedingly  remarkable. 
When  it  is  boiled  with  dilute  sulphuric  acid, it  is  decomposed  into  jtranesugar,  and 
a  resinous  substance  tenned  Sal.ireti''e-  Three  atoms  of  salicine,  CfflHssOtr,  giving 
saliretine,  CsiHatOu,  and  sugar,  tJuHuOB-  Wheii  quite  pure,  this  body  is  white  or 
pale  yellowj    It  is  insoluble  ta  water,  but  soluble  in  alcohol  and  ether. 

With  sulphuric  acid  anrt  chromate  of  potash,  salicine  gives  hydruret  of  salicyl 
(oil  of  Epirma),  as  described  page  S73,  Although  the  evolution  of  forinie  and  Car- 
bonic acids,  which  occnr  in  this  reaction,  aiiow  that  it  Is  in  reality  complex,  yet  its 
result  may  be  expressed  by  tbe  simple  abstraction  of  water  from  Ihe  salicine,  as 
S<Cj,H,  A)-8H.O.=  3<CmHsO,), 

When  salicine  is  boiled  with  nitric  acid,  it  is  totally  converted  into  picric  acid. 
As  this  body  is,  however,  more  closely  connected  with  indigo,  it  will  be  there  fully 
described. 

By  tlie  action  of  cblnrine  on  salicine  two  bodies  are  prortuced,  one  cryatalline, 
whose  formula  is  Cj.Hia  CliOj,  and  the  other  a  hPitvjf  nil,  consisting  of  Ci,il, . 
cijOs.    Tliey  are  both  soluble  in  alcohol,  but  sparingly  soluble  in  water. 

If  strong  oil  of  vitriol  be  poured  on  salioine,  it  is  decomposed  into  water  and  a 
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dee])  nlive-green  powdpr,  Olimn,  the  fiirmtila  of  which  is  CaiHgOs.  Tiiia  action  is 
accompaniod  hy  the  (liseiigagemeol  of  much  heat.  Olivin  is  cryRtaltitie,  insoliibJe 
ia  water,  alcohol,  and  etlinr.  ir  tlie  oil  of  vitriol  be  in  great  excess,  it  becviiies 
rbd-culoiired,  and  the  Baliciae  disaolvea.  The  red  Bubstaticc  thus  formed  is  termed. 
Eafi'i;  it  ia  obtained  more  amply  from  pliloridziaa.  If  a  large  quantity  of  saliuine 
be  aiHed  on  by  suipliaric.  acid,  it  forms  a  tenauious  mass,  which,  when  treated  wit!: 
water,  and  tlie  liquor  neutralized  by  lime,  gives  a  brf)wn  resinous  l>ody,  wliinh  ia 
termed  RuUUn.    Tbis  containa  sulphuric  acid,  its  formula  being  CasHiaOd-t-S.Os. 

0/  Fkloridzine  and  its  Products. 

Tliia  remarkable  subsuince  exists  in  the  bark  of  tlie  roots  of  the  various  speciot 
of  apple,,  fiear,  pluin,  and  cherry  trees.  It  is  prepared  by  infusing  the  loot-biirk  in 
weak  spirit  for  eight  or  ten  honrs  at  180°.  ThegreHterpart  of  ihe  spirit  may  then 
be  distilled  olf,  and  on  cooling,  the  phlorklzine  crystallizes  I'mni  the  remaining  liquor. 
It  forms  brilliunt  silky  plates  and  needles,  perfi'ctly  white  when  pure.  It 's  easily 
soluble  in  plUotiul,  ether,  and  in  boiling  water,  but  requires  tOOO.parts  of  cold  u'aiei 
foi-  its 'solution .  .Its  taateis  hitter  and  astringent.  I'he  fiirnmla  of  the  crystals  is 
CsiH|,0,+t  Aq.  At  218°  it  gives  off  2  Aq. ;  it  melts  at  33fl°,  and  hoila  at  SSO", 
but  Js  deciimposed,  water  lieiiig  evolved,  and  a  new  substance  produced.  The  sotu- 
tion  of  phloridsine  precipitates  some  metallic  salts.  The  persulphate  of  iron  givps 
a  brown  precipitate,  but  the  perctdoride  of  iron  produces  a  bl»od-red  liquor  and  no 
precipitate. 

The  decomposition  of  phloridzine  by  heat  is  not  complete  imtil  the  temperature 
rises  to  450° ;  it  then  forms  a  deep  red  mass  of  Rupi,  the  same  substance  as  is 
produced  by  Uie  action  of  oil  of  vitriol  on  salicine;  it  is  vejy  soluble  tn  alcohol,  in- 
soluble in  etber;  boiled  in  water,  it  dissolves,  but  loses  its  red  colour,  and  the  liijuor, 
on  cooling,  heoomes  njilky.  It  dissolves  in  water  uf  ammonia  or  potash  with  a  rich 
red  cidour,  and  is  precipitated  on  the  addition  of  an  acid ;  its  foraiula  is  Ci^H^Oj ; 
It  combines  with  oil  of  vitriol,  forming  Rufiorsitlpkurie  Mid,  which  unites  with  the 
metallic  oxides,  forming  red  or  brown  salts,  which  possess  cunsiderable  analogy  to 
the  sidphotinates. 

When  phloridzine  ia  dissolved  in  dilute  sulphuric  acid,  and  the  liquor  boiled,  a 
white  crystalline  substance  separates,  which  is  termed  Ph/oreiiTte ;  the  liquor  then 
contains  much  grape  sugar.  TJie  formula  of  phloreline  is  C(iHiB0i7 ;  its  taste  ia 
sweet :  it  is  sparing!;  soluble  in  water,  but  very  soluble  in  alcohol ;  it  melts  at  3UU°; 
when  Iieated  with  nitric  acid,  it  formsPAyuTE^.ildi,  the  formula  of  which  iaQiHu. 
^lOix;.  it  is  a  yellow-brown  powder,  ofa  velvety  as{)ecl,  bul  not  crystalline;  iiisol'  . 
nble.  in  water,  and  soluble  in  alcohui. 

.  I'lie  most  remarkable  action  on  phloridzine  is  that  exercised  by  ammonia  with 
access  of  air.  Over  a  capsule  containing  water  of  ammonia  are  arranged  several 
capsules  containiog  phloridzine  in  very  thin  layers,  an.l  the  whole  is  so  covered 
with  a  large  bell-glasa  as  that  the  air  shall  have  free  aci^ess ;  after  a  few.days  the' 
cuutenis  of  tJie  capsules,  are  changed  into  a  thick  sirupy  liquor,  nearly  .blaek ;  lli^ 
excess  of  ammonia  being  removed  by  exposure  in  vacuo  with  aul|^uric  aciil,  tlie  , 
excess  of  phloridzine  is  dissolved  out  by  alcohol,  and  the  residue  then  lieing  diS' 
solved  in  water,  gives  a  magnificent. blue  liquor,  fi-om  which  the  colouring  sulmnnce, 
Pklai-idirmn,  is  precipitated  by  the  caulioos  addition  of  acetic  acid ;  it  is  not  crys- 
talline i  it  forms  a  transparent  resinous  mass  of  a  rich  crimson  colour ;  its  laste  ia 
bilter;. boiling  wat^  dissolves  enough  of  it  Co  be  cok>ured  red,  but  cold  water,  al' 
DQhu!,  or  ether  appear  scarcely  Ic  set  upon  it.         .  . 

The  formula  of  pliloridzein  is  CjiHu  .  OiaN.-|-Aq. ;  it  is  formed,  therefore,  by  the 
combination  of  phloridzine  with  live  atoms  of  oxygen  and  one  of  ammonia:;  it  is 
not,  however,  a  salt  of  ammonia,  for  the  alkalies  dissolve  phloridzeTn  witliuuT;  alter- 
ation, forming  magnificent  blue  solutions ;  from  metallic  solutions  It  precipitates 
purple  or  blue  lakes,  the  com  position,  of  wlijeb  rejiiders.  it  probable  that  tlie  equiva- 
lent of  phloridzern  isCjjHjs.  OaNi-l^aAq.;  then  the 


...         jia,  =C,iHiB.NiOi6-l-N.H3, 

Phloridzelnaleofsdver,        ^CiHas .  NsOKi-|-S.\g,0. 
Pidoridzelnate  oflead,        .  =CuH2b-  NiOas-l-SPb.O. 

if  the  blue  solution  of  phloridzeinate  of  ammonia  be  put  in  contact  with  a  slip  oi 
Binui  protocliloride  of  tin,  sulphuretted  hydrogen,  or  any  other  deoxidizing  ageiii,  i 
isdeprivcd  of  colour,  hut  by  exposure  to  the  air  it  rapidly  re  .    .■  . 

RhlorinB  the  colour  is  instantly  acid  permanently  destroyed. 
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Asparagine.     As-j)ariic  Acid. 

Asparagine  is  found  in  the  young  shnnts  of  asparBgHS  and  of  potatoes,  in  tTie 
loots  of  liqnorice  and  marsli-mallow.  From  the  latter  it  is  easily  prepared.  Tlie 
decorticated  roots  are  tu  lie  digested  in  coid  water  fur  f'lily-etght  Jiours,  and  llie  li- 
quor then  strained  and  evaporated  to  the  consistence  of  a  sirup.  By  standing  fm 
some  time,  tlie  asparagine  gradually  crystallizeE,  and  the  crystals  are  lo  be  purified 
in  the  ordinary  manner  by  animal  charcoal.  It  forms  rectangular  octohedrons  and 
prisms;  it  is  colourless  and  tasteless;  it  requires  about  sixty  jjartsuf  cold, but.mnch 
leas  of  hoi  water  for  solution ;  it  is  iusoluble  in  alcohol ;  it  contains  nitrogen,  its 
formula  being  N.C4 .  HjOj^-Aq. ;  tbe  water  goes  away  by  a  heat  of  330°; 

Wlien  asparagine  is  boiled  with  a  strong  solution  of  barytea,  ammonia  is  espel^ 
ed,  and  aspartate  of  barytes  formed ;  by  cautiously  adding  sulphuric  acid,  tlie  bary- 
tes  may  be  precipitated,  and  tbe  liquor  yields,  on  evapumlion  and  cooling,  crystal- 
liaed  aspartic  acid.  In  this  reaction  S(N.Ci.  HiO^J  produces  N.H,  and  N.Ci.HcOft 
which  is  the  formula  of  aspartic  acid!  This  substance  is  tasteless,  sparingly  solih 
ble  in  cold,  but  abundantly  in  boiling  water,  and  is  deposited  as  a  white  crystal 
liuc  powder  as  tbe  solution  cools ;  it  reddens  litmus.  Its  salts  are  generally  solu- 
ble, except  those  of  lead,  silver,  and  blacli  oxide  of  mercury. 

It  is  not  easy  (o  decide  wbetlier  the  ammonia  exists  ready  formed  or  not  In  tbe 
asparagine  ;  if  so,  tbe  remaining  org:anic  element  may  be  aconitic  acid  (see  p.  S97), 
and  llien  there  should  be, 

(if  ammonia=CAH.034.N,Hj, 

■■  ■      -  E(C,H.03)-j-N,H, 

with  the  mineral  acids,  it  is 


Cafeine  or  Theme.    Caffeic  Add. 

This  has  been  found  only  in  the  coffee-berry,  tbe  tea-leaf,  and  the  paulinia  soi- 
balis  (guarana).  To  prepare  it,  raw  coffee  is  to  be  boiled  in  water,  and  the  decoc- 
tion treated  with  subacetate  of  lead  as  long  as  the  precipitate  which  forms  is  col- 
oured. Tbe  cafie'ine  crystallizes  from  the  filtered  liquor  by  evaporation  and  cooling; 
if  it  be  coloured,  it  is  to  be  boiled  with  oxide  of  lead  and  ivory  black,  and  again 
crystallized ;  when  pure,  it  forms  brilliant  long  needles  of  a  rich  satiny  lustre ;  its 
taste  is  purely  bitter ;  it  dissolves  in  fifty  parts  of  cold,  but  in  much  less  uf  boiling 
water ;  It  ia  vei-y  soluble  in  proof  spirit,  but  insoluble  in  absolute  alcohol ;  its  solu- 
tions react  neither  acid  nor . alkaline  ;  it  is  not  precipitated  by  any  metallic  salt. 
Caffeine  is  remarkable  for  the  large  quantity  of  nitrogen  it  contains  (29  per  cent.), 
being  more  than  any  other  vegetable  substance ;  its  formula  is  N,Cg .  H^Og-f-Aq. 
When  caffeine  is  boiied  with  solution  of  barytes,  cyanuric  acid,  ammonia,  furmic, 
and  carbonic  acids  are  produced. 

The  coloured  precipitate  produced  in  the  decoction  of  raw  coffee  by  acetate  of 
lead  contains  two  peculiar  substances,  which  may  be  extracted  from  it  by  treats 
raent  with  a  stream  ofsulphm-etted  hydrogen  gas,  evaporation  to  the  consistence  of 
a  sirup,  and  digestion  of  the  residue  in  strung  alcohol.  That  which  dissolves  is 
Caffstaanie  Acid;  it  is  dark  brown  ;  Castes  acid  and  astringent;  colours  the  per- 
aalts  of  iron  emerald  green ;  it  precipitates  the  salts  of  barytes  and  lime  yellow,  of 
copper  green,  but  does  not  affect  tartar- emetic.  Tbe  substance  insoluble  in  alcohol 
is  a  white  powder,  which,  when  heated,  evolves  the  characteristic  aromatic  smell 
of  roasted  coflee ;  its  solution  in  water  reddens  litmus  ;  it  is  termed  Cafftic  And. 

These  bodies  have  not  been  accurately  esammed.  It  is  not  linown  if  the  tannic 
acid  of  tea  and  coffee  be  the  same, 

Pipcriie.— N.C„.H„0, 

This  substance  exists  in  white,  black,  and  long  pepper ;  it  is  prepared  from  white 
pepper  by  digestion  in  spirit  of  wine,  and  diatilting  the  liquor  to  tbe  consistence  of 
an  extract,  from  which,  by  digestion  in  a  solution  of  caustic  potash,  a  quantity  of 
resin  is  to  be  removed ;  the  residue  is  then  to  be  dissolved  in  alcohol,  and  tbe  solu- 
tion abandoned  to  spontaneous  evaporation,  when  the  piperine  gradually  crysLalllzea 
in  transparent  rhombic  prisms.  It  melts  at  SIS"  ;  is  tasteless  and  inodorous  ;  des- 
titute of  either  acid  or  basic  properties  ;  nitric  acid  colours  it  red ;  when  heated 
strongly,  it  yields  ammoniacal  products. 
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Cimiharidine. — C10H6O4.  This  substance  is  extracted  from  the  blistering  fly  (ra- 
rrous  species  of  cantliaris.aad  l^tta)  by  digesting  a  watery  extract  of  the  Aies  in  al- 
cohol, evaporating  the  solution  to  dryness,  and  treating  the  residue  witli  ether, 
which  dissutvea  out  the  cantbnridine.  B;  spontaneous  evaporation  it  is  obtained 
crystallized ;  it  forms  colourless  pearly  scales,  whicli  fuse  when  gently  heated, 
and  suljlime  onaltered  at  a  higher  temperature ;  it  is,  wheu  pure,  insoluble  in  water 
and  in  cold  alcohol ;  it  is  perfectly  neutral,  and  has  no  affinity  either  to  acids  or 

Anemonine.     Anemonic  Acid. 


This  substance  exists  in  various  species  of  anemone  ;  il  is  extracted  by  distilling 
the  plant  with  water ;  it  separates,  after  some  time,  from  the  distUled  water,  in 
brilliant  white  needles ;  it  melts  and  volatilizes  at  a  hieh  temi^ratiire,  yet  not  with- 
out partial  decomposition ;  its  formula  is  CeHa04 ;  wlieii  it  id  dissolved  in  strong 
muriatic  acid,  and  the  liquor  evaporated  to  dryness,  Aaemorac  Acid  is  formed ;  its 
formula  is  CeH40s-|-Aq.    It  is  not  important. 

Cetrarine,  or  Lichen  Bitter. 
This  substance  is  fonnd  in  Iceland  moss ;  to  extract  it,  tbe  lichen,  being  well 
crashed,  is  to  be  digested  in  alcohol  as  long  as  tliis  acquires  a  bitter  taste  ;  the  li- 
quor may  then  be  distilled  in  great  part  oil;  and  th«  cetrarine  is  deposited,  on  cool- 
ing, in  granular  crystals ;  these  are  to  be,  while  still  moist,  washed  with  ether  and 
cold  alcoiiol,  by  which  they  are  rendered  white,  and  then  being  dissolved  iii  200 
times  their  weight  of  boiling  alcohol,  the  pure-  cetrarine  separates  on  cooling  as  a 
white  powder  of  a  slightly  crystalline  aspect.  It  is  but  sparingly  soluble  in  any 
menstruum ;  its  only  remarkable  character  is,  that  by  digestion  with  muriatic  acid 
ic  forms  a  deep  blue  mass,  but  tbe  nature  of  the  reaction  is  not  known,  as  the  cod 
Btitution  of  these  bodies  has  not  lieen  accurately  investigated. 

Ficrotoxine,  or  CoccvMne, 

This  substance  exists  in  the  seeds  of  the  menispermum  cocculus  (cocculus  Indi- 
cus),  constituting  their  active  ingredient ;  to  prepare  it,  the  seeds,  freed  /roih  the 
capsules,. are  to  ba  digested  in  alcohol,  and  the  solution  evaporated  to  an  extract ; 
this  is  to  be  then  treated  with  water  as  long  as  anything  is  dissolved,  and  then 
Eome  muriatic  acid  added  to  the  liquor ;  by  cooling,  the  coccidine  crystallizes  ia 
brilliant  white  needles.  Ite  reaction  is  neutral  [  its  taste  intonae^  bitter ;  it  dis- 
solves moderately  in  boiling,  but  sparingly  in  cold  water.  The  portion  of  the  alco- 
holic extract  which  does  not  dissolve  in  water  contains  another  substance,  Fiipro- 
toxic  Acid,  wliich  is  brown,  and  possesses  the  properties  of  a  resin ;  it  dissolves  in 
alkaline  liquors,  from  which  acids  throw  it  down  unchanged.  The  formula  CmHsOi 
has  been  assigned  to  pierotoxine,  and  that  of  CnHeOj  to  piorotoxic  acid. 

CMKmbme. — Found  in  the  roots  of  the  menispermum  palmatum.  The  coarsely- 
powdered  columbo-roots  are  to  be  digested  in  ether,  and  by  tbe  spontaneous  evap- 
oration the  columbine  crystallizes ;  or  by  digesting  the  roots  in  alcohol,  and  decol- 
orizing the  liquors  by  animal  charcoal,  it  may  also  be  prepared  ;  it.  forms  brilliant 
right  rhombic  prisms ;  its  taste  is  intensely  bitter ;  its  reaction  neutral ;  it  dissolves 
but  sparingly  in  water,  alcohol,  or  ether ;  its  solution  does  not  precipitate  any  me- 
tallic salt ;  its  formula  appears  to  be  C^Hi^Oi- 

CuapariiK. — This  is  the  active  principleofthe(rueangustm'a(cuspariafebrifuga). 
The  bark  is  to  be  extracted  by  alcohol,  and  the  solution  concentrated  very  much  by 
spontaneous  evaporation ;  on  cooling  then  below  33°,  granular  crystalline  masses 
of  cusparine  separate,  ftom  wMch  the  liquor  is  to  be  strained  1  by  redissolving  in 
alcoHol,  and  precipitation  of  the  colouring  matter  by  acetate  of  lead,  it  is  ultimately 
obtained  pure.  When  ciystalllzed  from  a  solution  some  degrees  below  33°,  cuspa- 
rine forms  colourless  but  uregular  needles ;  by  a  very  gentle  heat  tt  melts  and  gives 
off  twenty-three  per  cent,  of  water  of  crystallization  ;  it  dissolves  readiiy  in  watef 
and  alcohtd,  but  is  insoSuhle  in  ether ;  by  heat  it  is  totally  decomposed  ;  its  soln- 
tions  precipitate  most  metallic  sails.    Its  composition  is  not  Icnown, 

Elaierine  is  the  active  material  of  the  expressed  juice  of  the  momordica  elaterium ; 
the  juice,  being  evaporated  to  the  consistence  of  an  exti'act,  is  to  be  digested  iii 
strong  alcohol ;  Uie  solution  thus  formed  is  to  be  distilled  to  a  small  bulk,  and  then, 
on  being  mixed  with  water,  it  depositee  the  elaterine  as  a  white  crjstaUine  powder. 
It  melts  at  about  330°,  but  is  totally  decomposed  by  a  stronger  heat ;  its  taste  i» 
4H 
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intensely  bitter ;  it  is  almost  insoluble  in  water,  but  abundantly  in  alcnhoi ;  it  pos- 
sesses nu  otiaracteristic  cbenitcal  property. 

Mecmoie. — This  substance  exists  mixed  with  Ihe  more  important  ingredients  in 
opium :  it  is  most  abundant  in  tlie  inferior  kinds ;  its  preparation  is  very  eircuituus, 
and  will  be  described  in  Ihe  general  analysis  of  opium,  under  tbe  bead  of  narueine. 
Meconine  crystallizes  in  wliite  six-sided  prisms ;  it  melts  at  194°,  and  may  be  sub- 
limed unaltered  ;  it  dissolves  sparingly  in  cold,  but  moderately  in  boiling  water, 
abundantly  in  alcohol  and  ether;  its  ^rmula  appears  to  be  CgotlgOj-j-Aq,  By  nitrib 
acid  it  is  dissolved,  and  a  substance  crystallizes  from  tbe  liquor  in  long  needles, 
which  is  Krraei  Nitrameconic  Add;  its  formula  is  N.Csg.  HgOu;  its  soluiiiin  in  walci 
reddens  litmus ;  it  volatilizes  at  370°,  but  is  partly  decomposed,  fly  contact  with 
chlorine,  meconine  is  coloured' red,  and  substances  formed  whose  constitution  is  not 
well  known. 

Feadscanine. — This  sutetance  is  found  in  the  roots  of  the  peudecarium  officinale, 
and  is  extracted  by  digestion  with  alcohol  and  evaporation ;  it  crystallizes  in  deli- 
cate white  needles  of  a  slightly  aromatic  taste  ;  it  fuses  at  110°  ;  it  is  insoluble  in 
water,  and  but  sparingly  in  cold  alcohol ;  it  dissolves  copiously  in  boiling  alcoliul, 
in  ether,  and  the  oils. 

Msculine,  or  Polychrome. 

A  great  number  of  vegetables  give,  when  treated  with  hnt  water,  a  solution  which 
appears  yellow  by  transmitted,  hut  violet  or  blue  by  reflected  light.  This  phenom. 
enon  results  from  the  presence  of  a  body  hence  caUed  PofucArDine, and  also ^scujtne, 
being  most  abundant  in  the  bark  of  the  borse-cbestniit.  The  bark  is  to  be  digested 
in  alcohol,  and  the  liquor  to  be  concentrated  by  distillation  to  the  consistence  of  a 
sirup,  in  which,  when  set  aside  for  some  weelis,  the  eescuUne  crystallizes ;  by  wash- 
ing with  ice-cold  water  it  is  freed  from  the  liquid  extractive  matter ;  the  impure 
crystals  are  to  he  dissolved  in  a  boiling  mixture  offlve  partsof  alcohol  with  one  of 
ether,  from  which,  by  cooUng,  the  pure  substance  separates,  perfectly  colourless, 
and  generally  as  a  light  powder,  like  magnesia  alba.  It  tastes  bitter ;  it  dissolves 
in  672  parts  of  water  at  50°,  and  in  thirteen  parts  at  SIS"  ;  its  cold,  watery  solution 
is  pejrfectly  colourless  by  transmitted,  but  slightly  blue  by  reflected  light ;  if  spring- 
water  be  used,  the  blue  becomes  much  stronger ;  acids  destroy  this  property,  but  it 
is  restored  to  tlie  solution  by  the  addition  of  a  few  drops  of  any  alkali. 

The  watery  solution  of  eescoline  reddens  litmus,  yet  it  does  not  neutralize  the  al- 
katiea,  nor  precipitate  any  of  the  ordinary  metallic  salts;  it  dissolves  abundantly  in 
alitaline  liquors,  and  the  solutions  give  a  magnificent  play  of  colours  with  reflected 
light ;  its  formula  is  CigHeOio. 

Poptdme  exists  in  the  bark  and  leaves  of  dilferent  species  of  popiilus,  along  with 
salicine ;  the  latter  is  removed  (rom  the  liquors  by  precipitation  with  acetate  of 
leaA,  and  then,  by  evaporation,  the  popnline  is  obtained  crystallized  ;  its  taste  is  bit- 
ter-sweet, like  liquorice ;  it  is  very  sparii^ly  soluble  in  water ;  when  heated,  it  fu- 
ses, and  is  then  decomposed ;  like  salicine,  it  gives  with  nitric  acid,  picric  acid,  and 
with  sulphuric  acid,nitilin ;  its  composition  is  not  known. 

Quaasine  constitutes  the  bitter  principle  of  the  quassia  amara  and  excelsa.  Tlie 
rasped  wood  is  to  be  boiled  several  times  with  water,  and  the  filtered  decoction 
evaporated  down  to  three  fourths  the  weight  of  the  wood  employed.  The  liquid, 
when  cold,  is  to  be  mixed  with  slacked  lime,  and,  after  twenty-four  hours,  filtered 
and  evaporated  nearly  to  dryness ;  the  residue  is  to  be  treated  with  alcohol,  and  the 
solution  distilled  in  a  water-bath  to  dryness ;  it  is  then  impure  qnassine ;  It  is  to  be 
washed  with  ether,  and  then  redissolved  in  alcohol,  and  this  treatment  repeated 
until  it  becomes  completely  white. 

Quassine  forms  small  white  prismsof  an  intense  but  purely  bitter  taste;  but  spa- 
ringly soluble  in  water  or  in  ether,  it  dissolves  abundantly  in  alcohol;  when  heated, 
it  fuses  like  a  resin ;  its  solution  is  not  precipitated  by  any  metalUc  salt,  but  abund 
antly  by  tannic  acid ;  its  formula  is  C(gH]20g. 

jSaniunine. — This  substance  exists  in  the  flowering  tops  and  seeds  of  a  number  of 
{ipecies  of  artemisia,  from  one  of  which  (art.  santonica]  it  derives  its  name.  To 
prepare  it,  four  parts  of  the  seeds  are  to  be  nuxed  with  one  and  a  half  of  dry  lime, 
and  boiled  In  twenty  parts  of  alcohol  three  times  ;  the  anited  decoctions  are  to  be 
distilled  to  fifteen  parts ;  the  residue,  when  cold,  is  to  be  filtered,  evaporated  to  one 
half,  and,  having  been  rendered  slightly  acid  by  vinegar,  boiled  for  some  time  ;  on 
cooUflg,  the  santonine  crystallizes  in  large  feathery  crystals,  which  are  to  be  puri- 
fied from  an  adhering  resinous  substance  by  washing  with  alcohol    Being  then  re- 
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diaaoIveiJ,  and  (lie  solution  slowjy  cooled,  Iha  santonine  ciystallizfls  ii 
rectangular  prisms  and  plates ;  it  is  tasteless ;  it  is  very  sparingly  soluble  ir  .  , 
more  so  in  alcohol  and  ether ;  at  338°  it  melts,  and  by  a  carefully-applied  heat  may 
be  sublimed  without  decum position,  otherwise  it  becomes  brown,  and  a  yelluw  crya- 
lalllne  substance  is  formed.  Santonins  appears  to  possess  feeble  acid  properties ;  it 
produces  with  the  alkalies  soloble.  and  with  the  earths  and  ordinary  metsdlic  oxides 
insoluble  compounds,  but  they  are  of  instable  constitution.  The  formula  of  saoto- 
nlneisOioHeO,. 

By  exposure  to  light,  santonine  undergoes  a  change  apparently  isomeric  ;  it  be- 
comes gold- coloured,  and  ibnas  yellow  aoiutions,  which,  however,  soon  become 
eolouiiess. 

Saponine. — This  substance  is  most  easily  extracted  from  the  roots  of  the  sapona- 
ria  otBcinalis  by  boiling  in  weak  spirit ;  on  cooling,  the  saponins  separates  ;  It  is 
purified  by  digestion  with  animal  charcoal ;  it  is  a  white  powder,  of  a  sharp,  piquant 
taste;  very  soluble  in  water,  it  is  sparingly  soluble  in  alcohol,  and  insoluble  in  ether  j 
its  formula  appears  to  be  CaiHjjOiB.  By  the  action  of  nitric  acid,  saponine  Ibrms 
inucic  acid  and  a  resinous  substance ;  when  dissolved  in  solution  of  caustii;  pot- 
a^,  it  forms  Saponimc  Acid,  which  is  precipitated  as  a  white  powder  on  adding  a 
stronger  acid  to  the  liquor.  The  formula  of  saponinic  acid  is  C]eH^i2.  It  is  iu- 
eoluble  in  cold,  but  soluble  in  builing  water. 

SciUitine  is  the  active  prineiple  of  the  squill  (acilla  maritima).  Tlie  fresh  juice  is 
evaporated,  and  the  extract  treated  with  alcohol,  'ilie  spirituous  solution  is  to  be 
drieddown,and  the  residue,  being  dissolved  in  water,  is  to  be  precipitated  with  ace- 
tate of  lead,  and  filtered  ;  sulphuretted  hydrogen  being  passed  through  the  clear  li- 
quor removes  the  excess  of  lead,  and  then,  by  titration  and  evaporation,  tlie  scillitine 
may  be  crysialliEed. 

It  forms  a  hard,  brittle  mass,  like  resin,  of  an  intensely  hitter  taste ;  it  dehques- 
ces  and  dissolves  readily  in  alcohol  and  water,  but  not  in  ether. 

Stneginc. — This  substance  is  extracted  from  the  roots  ol  the  polygala  sen^  by 
boilmg  with  water,  precipitating  the  concentrated  decoction  with  the  acetate  offead, 
filtering  and  removing  the  excess  of  lead  from  the  solution  by  sulphuretted  hydro- 
gen, and  evaporating  cautiously  to  dryness ;  the  residue  is  to  he  digested  in  alcohol, 
and  this  solution  being  dried  down,  the  product  is  to  be  digested  in  ether.  The  ma- 
terial which  remains  undissolved  is  then  to  be  passed  through  the  same  series  of 
operations  until  it  becomes  a  white  pulverulent  mass,  which  is  pure  Senegine.  It  is 
sparingly  soluble  in  cold,  but  abundantly  in  boiling  water;  it  is  very  soluble  in  alco- 
liol,  but  insoluble  in  ether.  With  sulphuric  acid  it  produces  a  curious  play  of  col- 
ours,  becoming  first  yellow,  after  some  time  rose-red,  and  then  dissolving;  the  so. 
lution  gradually  becomes  violet,  after  some  time  grayish-blue,  and  finally  colourless, 
while  a  gray  precipitate  falls  down.    Senegine  appears  to  possess  feeble  acid  prop- 

Sailai^e,  or  SaraapariUi'ii. — This  substance  is  found  in  the  roots  of  the  smilax 
sarsaparilla  and  the  bark  of  the  China  nova.  It  is  obtained  by  boiling  with  alcohol, 
and  distilling  the  decoction  to  two  thirds ;  on  cooling,  the  smilaeine  crystallizes,  and 
is  plirified  by  animal  charcoal  and  recrystallization.  It  is  while,  in  very  minute  nee- 
dles -,  its  taste  nauseous  and  slightly  bitter ;  very  sparingly  soluble  in  water,  more 
so  in  alcohol,  most  in  ether ;  with  sulphuric  acid  it  gives  colours  like  those  of  sen- 
egine. 

Absinlhiine. — The  bitter  principle  of  the  wormwood  (art em laia  absinthium).  It  is 
prepared  by  a  succession  of  operations  almost  identical  with  those  described  for  ob- 
ImninK  senegine ;  it  is  hence  unnecessary  to  repeat  their  description.  When  com- 
pletely pure,  it  is  white  and  crystalline ;  its  taste  is  intensely  bitter ;  it  fuses  at  a 
high  temperature,  and  closely  resembles  a  resin  ;  its  best  solvent  is  alcohol.  It 
possesses  the  characters  of  a  weak  acid,  being  much  more  soluble  in  alkaline  liq'jors 
Ihan  in  pure  water,  and  being  precipitated  from  such  solutions  on  the  addition  o( 
an  acid.  With  oil  of  vitriol,  it  is  Coloured  (trst  yellow,  and  then  dark  reddish  purple. 
Zactacine  is  obtained  by  digesting  the  inspissated  juice  of  the  lactuca  virosa  (>ac- 
tucarium)  in  ether ;  by  the  spontaneous  evaporation  of  the  solution,  it  forma  a  mass 
of  crystalline  needles,  slightly  coloured  yellow ;  it  has  a  strong  bitter  taste,  is  fusi- 
ble, and  uvay  be  partly  voIatUiied ;  it  is  soloble  in  water,  alcohol,  and  ether.  It  is 
decomposed  by  strong  acids,  and  appears  not  to  have  any  tendency  to  form  salts. 
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Of  ExtracUve  Matter.     Apulheme.     Extracts. 

If  from  any  plant,  or  porlioo  of  a  plani,  the  soluble  ingredients  be 
dissolved  out  by  water,  a  variety  of  substaii'ces  exist  in  tjie  liquor,  some 
acid,  oiliers  basic,  others  indiiTureut ;  of  these  bodies,  the  majority  pos- 
sess the  property  of  absorbing  oxygen  when  tho  solution  ia  exposed  to 
the  air,  and  olWn,  also,  of  evolving  uarbonic  acid,  changing  thereby  into 
subslancea  insoluble,  or  scarcely  soluble  in  water.  Thus  gallo-tanoio 
acid  first  forms  gallic  acid,  and  is  then  converted  into  a  brown  insoluble 
mass;  so  gum  and  sugar  uliimaiely  produce  cerlain  forms  of  ulmine; 
and  there  ave  few  of  the  neutral  principles  described  in  thu  preseot 
chapter  that  do  not  rapidly  undergo  a  similar  change. 

During  the  eva|ioration  of  a  vegetable  infusion  or  decoction,  these  re- 
actions rapidly  occur,  being  promoted  by  the  heat ;  the  liquor,  which  had 
been  at  first  clear  becomes  lurbid  and  biown  a  deposiie  foi  ms  and  when, 
finally,  it  baa  been  evaporated  to  the  consistence  of  a  thick  sirup,  what 
remains  is  teimed  an  extract  n  is  a  mixtu  c  ot  the  constituents  of  tho 
pianCiigieit  pail  decomposed  If  this  extiacl  be  treated  with  water, 
and  the  soluble  portion  again  evijorated  the  same  changes  occur,  so 
thdt  no  "  Jlter  what  may  have  been  the  original  natu  e  of  tl  e  vegelabie 
substances  lliey  are  ultimately  rtduced  to  this  insoluble  and  inert  con- 
dition This  blown  aubstmcp  is  termed  ApotlieaiP ,  its  tiue  nature  is 
not  known  but  it  is  pr)bable  that  its  composition  ard  propeil  es  vary  in 
some  dtgiee  with  the  natuie  of  the  subt>lance  it  is  formed  from  we  do 
not  even  know  of  its  r''lation3  to  the  vaiious  hinds  of  olmine ,  though, 
from  us  s  ilubility  in  alhalirie  liquors  and  its  precipititii  g  metallic  salts, 
Its  being  separated  from  these  by  auds  and  obstinately  letaining  a  por- 
tion of  the  acid  used  lo  p  ecipilate  it  its  identity  with  ulmie  acid  or 
humi    acid  IS  not  mprobable 

When  the  conversion  of  the  leal  constituents  of  the  pi  nl  ii  to  apo. 
theme  la  yei  ini"ompleie  the  mateiial  w  iich  dissolveb  equally  n  water 
and  d  lute  ale  hoi  but  not  in  ibsoluto  alcol  ol  oi  in  ether  is  termed 
exiTacttvB  Such  a  mixture  can  have  no  dislioctive  chemical  pioperties; 
it  IS  moie  or  less  coloured  and  uncijstallizable  it  precipitates  n  etallic 
salts  It  absorbs  oxjgen  foiming  "ipotheme(o"£  dizad  extractive)  The 
different  classes  of  plants  are  considered  by  pharmaceutic  writers  to  coii- 
lain  different  kinds  of  extractive  matter;  there  are  thus  hitter  extractive, 
gummy  extractive,  astringent  extractive,  and  so  on ;  but,  to  the  chemist, 
these  names  convey  only  the  idea  of  absolute  ignorance  of  the  real 
nature  of  these  bodies;  the  chemist  recognises  no  such  substance  as 
exlracltve  matter,  or  ApotAeme;  they  are  merely  complex  products  of 
decomposition  of  other  bodies,  and  have  not,  as  yet,  been  accurately  ex- 
amined. In  the  preparation  of  an  extract  of  a  plant,  the  ambition  of  the 
operator  should  be,  not  to  have  either  extractive  or  apotheme  produced, 
but,  by  employing  the  lowest  possible  temperature,  and  excluding  air  as 
much  as  possible,  to  obtain  the  constituents  of  the  plant  in  a  concentrated 
form,  but  not  destroyed,  as  they  too  frequently  are,  by  the  operation ; 
accordingly,  in  the  manufacturing  laboratory  of  the  Apothecaries'  Hall 
of  Ireland,  the  greatest  precautions  are  taken  to  ensure  success  in  the 
preparation  of  extracts ;  but  details  of  the  methods  belong  lo  pure  phar- 
macy, and  are  unfitted  for  the  present  work. 

A  great  number  of  bodies,  that  have  been  from  time  to  time  announned  as  the 
active  principles  of  many  plants  containing  them,  are  really  but  sach  extracts,  prur- 
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eny  prepared,  but  atill  rot  the  pure  chemical  substances.  Thus,  from  colocynth, 
Colaa/'iihiite ;  from  hippo,  Emetine ;  from  rhubarb,  Rhelne,  &c.  It  is  on  this  accdunt 
that  many  Imdies,  to  which  distinct  names  have  been  given  by  tlieir  discoverers,  as 
chemical  species,  are  nut  noticed  as  such  by  me. 

The  biUa-  principle  of  the  Aloes  is  one  of  these  which  have  never  been  obtained 
chemically  pure,  and  yet  the  very  remarkable  products  of  the  action  of  nitric  acid 
on  it  show  ibat  it  ia  a  truly  distinct  substance.  When  socotrme  or  hepatic  aloes 
are  digested  with  hot  nitric  acid,  red  fumes  are  abundantly  evolved,  and  four  dif-  ■ 
ferent  acids  produced,  for  the  accurate  examination  of  which  we  are  indebted  tJ) 
Scbunk.  They  are,  the  Aloetic  Acid,  the  Atoe-resimc  Acid,  the  Chrj/aammic  Acid, 
and  the  Ckryaolipie  Acid,  and  Ihey  are  generated  by  successive  oxidation  of  the  bit- 
ter principle  of  the  aloSs,  in  the  order  in  which  Uieir  names  stand. 

The  Aloetic  Acid  is  a  yellow  powder,  msoluble  in  water,  but  forming  soluble  salt«, 
of  whidi  that  with  potash  crystallizes  in  rubj-red  needles.  The  Alee-rtsinie  Acid 
is  soluble  in  water ;  its  potash  salt  unerystallizahle ;  its  combinations  with  the  me- 
tallic oxides  insoluble,  and  generally  brownish-red.  The  analyses  of  these  bodies 
are  not  yet  published. 

The  Chrysammic  Acid  is  a  greenish-yellow  crystalline  powder;  it  is  veiy  spa- 
ringly soluble  in  water,  yet  tinges  it  purplish-red ;  it  is  more  soluble  in  alcohol,  ether, 
and  acids ;  when  heated,  it  fuses,  and  ia  then  decomposed  ivith  a  slight  explosion, 
and  a  bright  but  smoliy  flaine ;  it  contains  nitrogen ;  its  formula  is  CuHs .  NbOis-|- 
Aq.  The  chrysammale  of  barytes  is  a  ted  insoluble  powder.  The  chrysammate 
of  potash  is  the  most  insoluble  of  all  the  salts  of  potash,  requiring  l!i&0  parts  of  wa- 
ter at  60°  for  solution,  and  may  hence  serve  as  an  excellent  reagent  for  that  alkali ; 
it  is  a  dark  red  crystalline  powder  when  precipitated,  but  when  it  crystallizes  from 
a  hot  dilute  solution,  it  forms  gold-coloured  plates. 

The  ChiysoUpic  Acid  is  distinguished  by  its  solubility  in  water ;  it  crystallizes  m 
beautiful  gold-coloured  plates,  closely  resembling  Picric  Acid,  with  which  it  is  isom- 
eric, its  Kirmula  being  CaHt  .  NsOig-J-Aq.  It  is  distinguished,  however,  by  the 
much  greater  solubility  of  its  potash  salt,  and  by  the  action  of  heat,  as  it  may  be 
fused  and  volatilized  without  decomposition,  if  cautiously  heated. 


CHAPTER  XXVI. 

OF   THE   COLOURING   MATTERS, 

The  substances  to  be  now  described  may  be  arranged  in  two  classes, 
according  as  tliey  pre-exist  in  tlie  plant,  or  as  they  are  merely  products 
of  the  decompositian  of  other  bodies  which  are  not  coloured ;  of  these 
last  an  example  has  already  been  given  ia  the  formation  of  phloridzeine 
from  phlo  rid  zinc. 

SECTION  I. 

OF   THE  PKE-BXISTING  COLOUBING   MATTERS. 

Colouring  Principles  of  Madder. 

The  dried  roots  of  the  rubia  tinctorum  constitute  the  madder  of  com- 
merce, which,  furnishiog  the  well-known  Turkey  red,  is  perhaps  the 
most  important  of  the  dyestufTs.  The  constitution  of  madder  ia  very 
complex;  it  contains  five  different  colouring  matters  and  two  colourless 
acids,  the  general  preparation  and  properties  of  which  are  as  follows; 

Madder  Purple,  or  Purpurine. — Madder  roots  are  to  be  well  washed 
with  water  at  80°,  then  boiled  several  limes  in  a  strong  solution  of  alum, 
and  enth  liquor  filtered  while  very  hot.  On  cooling,  a  red-brown  sub- 
Btaoce  nrecipitales,  which  is  impure  Madder  Red;  it  is  to  be  separated 
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by  the  filter.  Oii  adding  to  the  clear  red  solulion  some  sulphuric  acii;, 
the  madder  purple  is  thrown  down.  To  obtain  it  quite  pure,  it  is  to  be 
dissolved  in  boiling  alcohol,  and  the  solution  allowed  to  evaporate  slowly. 
It  separates  as  a  fine  oi'ange-red  crystalline  powder,  sparingly  soluble 
in  cold,  but  more  easily  in  boiling  water.  The  aoluiion  is  rose-red  ;  its 
eoiutions  in  ether  and  alcohol  are  bright  red.  Acids  turn  it  yellow  ;  al. 
■  kalies  dissolve  it  with  a  rich  red  coldlir.  It  is  fusible,  and,  wheu  more 
strongly  heated,  a  portion  sublimes  as  a  red  powder,  but  the  greater  part 
is  decomposed. 

Madder  Red,  or  Alharine,  as  precipitated  ii 
purine,  is  to  be  purified  by  repeated  hoiling  w 
then  crystallized  by  solution  in  ether  and  spontaneous  evaporation.  It  is 
a  brownish-yellow  crystalline  powder.  Whea  healed,  it  sublimes,  form- 
ing brilliant  orange  needles;  it  is  sparingly  soluble  in  water,  more  so  ia 
alcohol  and  ether.  Ammonia  dissolves  it  with  a  purple  red,  and  potash 
or  lime  with  a  violet  colour.  The  formula  Cj,U,aO|o  has  been  assigned 
to  this  body. 

Madder  Orange. — The  roots  are  to  be  digested  for  sixteen  hours  in 
eight  parts  of  water  at  70°  ;  the  infusion  is  to  be  filtered  and  set  aside ; 
small  orange  crystals  gradually  form ;  these  are  to  be  collected  and  dis- 
solved in  boiling  alcohol.  On  cooling,  the  madder.orange  crystallizes  as 
a  yellow  powder.  When  heated,  it  fuse^  and  is  decomposed  in  great 
part,  some  of  it  subliming  in  yellow  fumes ;  it  is  most  easily  soluble  in 
ether;  it  dissolves  in  alkaline,  forming  brown-red  liquors. 

Madder  Yellow,  or  Xanthin. — The  cold  infusion  of  madder  is  to  be 
mixed  with  an  equal  vofume  of  lime  water.  The  dark-red  precipitate 
is  to  be  treated  with  dilute  acetic  acid ;  the  lime  and  the  yellow  dissolve  ; 
any  traces  of  the  other  colouring  matters  are  removed  from  the  liquor 
by  a  woollen  cloth  mordanted  with  alum.  The  solution  is  to  be  then 
evaporated,  the  residue  dissolved  in  alcohol,  and  precipitated  by  sugar 
of  lead  ;  the  scarlet  precipitate  separated,  and  decomposed  by  sulphuret- 
ted hydrogen.  The  liquor  so  obtained  gives,  on  evaporation,  the  xan. 
thine  pure ;  it  is  yellow,  uncrystallizable,  and  very  soluble  in  alcohol 
and  water. 

Madder  Brovm  is  totally  insoluble  both  in  alcohol  and  water.  The 
acids  which  exist  in  madder  are  but  very  little  known,  and  do  not  possess 
any  interest  either  technical  or  scientific. 

Of  these  colouring  matters,  theiiet^or-dZirame,  is  the  most  important, 
as  it  forms  with  an  alumina  mordant  the  magnificent  Turkey  Red.  With 
an  iron  mordant  it  gives  a  permanent  black,  and  with  mixed  mordants 
of  the  two,  various  intermediate  shades  of  purple.  The  great  complexity 
of  the  process  for  dyeing  Turkey  red  arises  from  the  difficulty  of  dis- 
solving away  the  other  four  bodies,  so  that  only  pure  madder  red  may 
remain. 

Alhanna  Red,  or  Anehusic  Add. 
,  This  substance  exists  in  the  roots  of  the  anchusa  tiiictoria.  They  arc  to  to  well 
boiled  in  water,  and  then  digested  in  a  solution  of  carbonate  of  potash  ;  on  the  ad- 
dition of  an  acid  to  this  liqaor,  the  colourins  matter  precipitates;  it  may  also  be 
obtained  b;  digesting  the  roots  in  alcohol  and  eTsporating ;  it  ia  a  darkred  resin- 
ous body,  insoTable  in  water,  soluble  in  alcohol,  eOjer,  and  the  essential  oils  ;  it 
combines  with  alkalies,  ftrroLng  blue  solutions,  which  give  blue  or  crimson  lakes 
with  metallie  salts.    The  formula  C17HHJO4  has  been  assigned  to  this  body. 

Braziiiinc  is  the  colouring  matter  of  various  snecies  of  caisalpini  (Brazil  wood. 
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[emainlioiic  wooil).  The  decoction  of  the  wood  in  water  is  to  be  agitated  with  hy- 
drated  oside  of  lead,  then  filtered  and  evaporated  to  dryness,  1'he  residue  is  to  Ijo 
treated  with  alcohol,  the  soiution  mixed  with  water  and  gelatine,  which  throws 
down  a  quantity  of  tannic  acid,  then  filtered,  again  dried,  mixed  with  alcohol,  and 
filtered  to  separate  the  escess  of  gelatine,  then  again  evaporated,  and  set  aside  to 
crystallize. 

When  pure,  braziliirie  forma  orange  crystals;  it  is  soluble  in  water,  alcohol,  atid 
ether ;  the  solutions  are  reddish-yellow ;  alkalies  and  most  metallic  salts  give  pur- 
ple, and  alum  a  red  precipitate,  with  the  solution  of  braziJifne 

Santalim  exists  in  the  red  sanders  wood  (pterucarpas  santalinus).  Its  extraction 
and  properties  are  exactly  similar  to  that  of  the  Akiatna.  Red.  Its  formula  ia 
CisHsOa.  . 

Mamaloxi/line. — This  substance,  the  colouring  principle  of  the  logwood  (h£ema> 
toxylon  Canipechianum},  is  frequently  met  with  naturally  crystallized  in  stellated 
groups  of  prisms,  sometimes  of  considerable  size,  in  clefts  of  the  wood ;  it  may  also 
be  prepared  by  a  process  similar  to  that  described  for  brazililne ;  it  is  slightly  bitter 
and  astringent ;  it  is  very  sparingly  soluble  in  water,  but  copiously  in  alcohol  and 
ether,  forming  brownish-red  liquids.  Acids  colour  its  solutions  yellow,  alkalies 
purple ;  with  tlie  earths  and  metallic  oxides  it  forms  purple  or  blue  lalies. 

Saffiower  Red,  or  Carthamirte. 

The  petals  of  the  safQpwer(caTthamus  tinctorius)  contain  a  red  and  a  yellow  ma 
terial ;  the  former  alone  is  of  lechnical  importance.  The  flowers  are  to  be  washed 
with  water  acidulated  with  acetic  acid  until  all  the  SaJHrmer  Yellow  is  removed. 
By  digestion  then  in  a  solution  of  carbonate  of  soda,  the  carthamiae  is  dissolved, 
and  may  he  precipitated  by  any  acid,  but  citric  acid  answers  best ;  it  forms  a  dark 
re>d  powder,  insoluble  in  water  and  in  acids,  and  but  sparingly  soluble  in  alcohol  ot 
etl^er ;  it  reddens  litmus,  and  gives  with  the  alkalies  yellow  solutions ;  its  com- 
poiftnd  with  soda  crystallizes  in  silky  needles  ;  with  alumina  it  forms  a  beaatifhl 
reil  lake,  Rouge,  used  as  a  eosmetie  and  in  dyeing.  This  substance  is  much  em 
I^yed  fur  dyeing  silk  of  various  shades  of  pink  and  rose  colour. 
,'  I  have  Ibund  in  the  petals  of  the  salvia  fulgens  a  colouring  matter  possessing  con- 
siderable analogy  to  carthamine,  and  capable  of  being  substituted  for  it. 

Qiiei-citriite. — This  substance  is  extracted  from  the  bark  of  the  quercus  infeetoria 
by  simple  decoction  in  water;  after'some  days  the  colouring  matter  separates  in 
crystals ;  or,  better,  bj  digesting  the  bark  in  alcohol,  precipitating  the  tannin  by  gel- 
atine and  evaporation:  when  pure,  it  resembles  very  minute  crystals  of  yellow 
prusaiate  of  potash ;  it  is  easily  soluble  in  water, and  in  alcohol,  and  appears  to  pos- 
sess feeble  acid  properties.  Its  formula,  by  Bolley's  analysis,  appears  to  be  CieHsCh 
-[-Aq.    With  metallic  oxides  it  gives  brilliant  yellow  lakes. 

Chrysorliamnine.     Xantkorhamnme. 

I  have  found  the  unripe  benies  of  the  rhamnus  tinctorius  (Persian  berries,  grains 
d'Aviguon)  to  contain  a  substance  soluble  in  alcohol  and  ether,  and  crystallising 
from  its  ethereal  solution  in  minute  silky  needles  of  a  brilliant  yellow  colour;  it 
gives  with  metallic  oxides  yellow  lakes.  When  cautiously  heated  it  fuses,  but  is 
not  volatile.  In  the  ripe  berry,  this  substance,  to  which  I  have  given  the  name 
Chtysorhanmine,  is  totally  replaced  by  another,  which  I  term  Xanthorhammne, 
which  is  of  a  much  less  beautiful  yellow,  and  dues  not  crystallize ;  this  change  is 
eflected,  also,  by  boiling  the  chrysorhamnine  for  a  few  minutes  with  water,  or  by 
contact  with  allcalies.  The  xanthurbamnine  is  totally  insoluble  in  ether,  but  easily 
soluble  in  alcohol  and  water.  It  is  formed  by  the  union  of  the  elements  of  water 
with  chrysorhamnine.  Its  silver  salt  is  yeliow  when  first  thrown  down,  but  rap- 
idly becomes  black,  metallio  silver  separating,  and  a  colourless  organic  substance 
being  formed.  The  Persian  berries  are  much  used  for  dyeing  yellow,  but,  from  the 
processes  employed,  the  xanthorhamnine  alone  is  actually  brought  into  play. 

Luieolitie  is  the  colouring  principle  of  the  weld  (reseda  luteola),  and  probably  of 
the  dyers'  broom  (genista  tinctoria).  Its  mode  of  preparation  resembles  tliat  of 
quercitrirfe.  It  is  soluble  in  water,  aieohoi,  and  ether ;  it  combines  with  both  acids 
and  alkalies,  forming  yellow  compounds.  With  alumina  and  the  oxides  of  tin  aud 
lead,  it  gives  brilliant  yellow  lakes ;  with  iron,  a  dark  brown  precipitate. 

Moritie  is  the  colouring  principle  of  the  yellow-wood  (moms  tinctorius);  it  is^ie 
pared  like  quercitrine,  with  which  its  properties  accurately  agree. 

Oriiliac.—Ttie  seed  of  the  bixa  orellana  are  imbedded  in  an  orange-red  colouring 
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matter,  which  is  separated,  by  washings  and  a  kind  of  fermentation ;  when  de|)osil 
ed  from  the  liquors,  so  as  to  form  a  consistent  paste,  it  is  sent  into  commerce  under 
tiie  names  of  Rocou,  (hleam,  or  AnoUa.  To  obtain  the  colouring  principle  pure,  the 
orange-red  mass  is  digested  in  alcohol,  and  the  solution  distilled  nearly  to  dryness ; 
the  residue  is  Chen  treated  with  ether,  which  dissolves  llie  orelline,  and  yields  it,  on 
evaporation,  as  an  orange-red,  soinewhat  crystalline  powder ;  it  colours  '^ater  pale 
yellow;  it  is  more  soluble  in  alcohol,  but  gives  with  ether  or  oils  deep  red  solutions; 
M  dissolves  ill  alkalies,  and  is  precipitated  therefrom  by  acids.  With  alumina,  ox- 
ide of  tin,  and  oxid^  of  lead,  it  gives  Heiy  red  precipitates.  It  is  extensively  used 
)□  dyeing,  and  also  to  heighten  the  colom'  of  cheese  and  butter. 

CuTcumine  is  fonnd  in  the  roots  of  the  curcuma  longa  (turmeric),  and  is  obtnined 
by  treatment  with  boDing  alcohol,  evaporation  to  dryness,  and  digestion  of  the  resi- 
due in  ether,  which  dissolves  the  pure  colouring  matter,  and  yields  it  by  spontane- 
ous evaporation.  Curcumitie  melts  at  104°;  it  possesses  the  properties  of  a  resin; 
alkalies  brown  it,  on  which  its  employment  for  a  testpaper  rests ;  acids  render  its 
proper  yellow  much  paler,  except  boracic  acid,  which  stains  it  yellowish-red, 

Berierine  exists  in  the  roots  of  the  berberis  vulgaris ;  it  is  prepared  by  boiling  the 
roots  in  water,  and  evaporating  the  decoction  to  the  consistence  of  an  extract, 
which  is  to  he  treated  with  spirit  of  wine  as  long  as  this  acquires  a  bitter  taste. 
The  spirit  is  to  be  distilled  in  great  part  off,  and  the  residue  suffered  to  stand  in  a 
cool  place  fur  twenty-four  hours ;  the  crystals  which  form  are  to  be  recrystallized, 
first  from  water,  and  then  from  alcohol.  Pure  berberme  forms  a  light  crystalline  yel- 
low powder  of  a  strongly  bitter  taste ;  it  is  very  sparingly  soluble  in  cold,  but  abun- 
dantly in  boiling  water  and  in  alcohol ;  it  is  insoluble  in  ether.  At  268°  it  melts, 
and,  if  farther  hcEfted,  is  decomposed,  giving  ammoniacal  products;  by  chlorine 
it  is  converted  into  a  brown-red  substance ;  it  combines  with  bases,  acting  feebly  as 
an  acid;  its  alkaline  compounds  crystallize;  those  with  the  earths  arid  heavy  me- 
tallic oxides  are  insoluble,  and  generally  yellow ;  a  solution  of  it  precipitates  the 
iodide,  cyanide,  ferrocyanide,  and  sulphocyanlde  of  potassium.  Betberiiie  contains 
nitrogen,  its  foimula  being  N.Cm  .  HiiOu. 

Cochineal  Red,  or  Carmine. 

This  very  remarkable  substance  differs  from  all  of  the  other  colouring  matters 
here  desciibed,  in  being  a  product  of  the  animal  kingdom.  It  exists  in  many  in- 
sects  of  the  genus  coccus,  as  the  coccus  cacti  (the  true  cochineal),  the  coccus  ilicis 
(kermes),  the  coccus  ficus  (lac  dye),  &c.  For  its  preparation  the  cochineal  is  to  be 
digested  in  ether  to  remove  a  quantity  of  fat,  and  then  boiled  in  alcohol  as  long  as 
this  is  coloured.  The  alcohoJic  liqiiors,  being  mixed,  are  to  be  concentrated  by  dis- 
tillation, and  then  cautiously  dried :  Ihe  impure  carmine  thus  ubtained  is  digested 
in  alcohol,  and  the  solution  mixed  with  ether,  which  precipitates  the  colouring  mat- 
ter  quite  pure. 

It  is  a  purple  red  powder,  easily  soluble  in  water  and  alcohol,  insoluble  in  ether. 
It  melts  at  132°,  but  is  decomposed  by  a  high  heat;  chlorine  turns  it  yellow;  al- 
kalies colour  cold  solution  of  carmine  red,  hut  it  hecoraes  yellow  by  exposure  to  the 
air  or  by  boiling.  With  alumma  it  forms  a  precipitate,  which  is  crimson  when  pre- 
pared with  a  cold,  but  violet  if  with  a  hot  solution.  All  metallic  salts  give  laltes 
with  the  alkaUne  solution  of  carmine;  that  of  the  protoxide  of  tin  is  a  rich  scarlet. 
The  carmine  of  commerce  is  an  alumina  lake  more  or  less  pure ;  that  called  Cki~ 
neae  Carmine  is  the  compound  with  oxide  of  tin. 

The  carmine  contains  nitrogen ;  the  formula  N.C32 .  HzoOio  has  been  assigned  to 
it,  but  cannot  be  considered  as  definitely  established. 

Of  Indigo,  and  the  Bodies  derived  from  it. 

The  bine  indigo  of  commerce  is  derived  from  the  leaves  of  a  variety 
of  plants  of  difftireni  genera.  The  gemis  indigofera  includes  a  number 
of  produclive  species,  also  the  genera  nerium  and  isatis,  marsdeuin,  os- 
clepias,  and  polygonum,  galega,  spilanthus,  and  amorpha.  Of  these  the 
great  majority  are  natives  of  the  tropica  ;  but  a  few,  as  the  isatis  lincto- 
ria#nd  the  polygonum  linctoritim,  belong  to  lemperate  regions,  the  for- 
mer being  indigenous  both  to  Ireland  and  to  England. 

The  indigo  is  secreted  in  the  cellular  tissue  of  the  leaf,  in  a  form  (white 
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indigo)  ivhicli  can  also  be  artificially  produced  ;  it  is  then  colourless, 
and  remains  so  as  long  as  the  tissue  of  ihe  leaf  is  perfect.  When  the 
leaf  begins  lo  wither,  oxygen  is  ahsol'bed,  and,  the  indigo  assuming  its 
colour,  the  leaves  become  covered  with  a  number  of  blue  points,  the  firat 
appearance  of  which  shows  that  the  period  for  collecting  them  has  arri- 
ved. The  fresli  leaves  are  thrown  into  large  vats  with  some  water,  and 
pressed  down  by  weights.  After  some  time,  a  kind  of  mucous  ferment- 
ation sets  in,  carbonic  acid,  ammonia,  and  hydrogen  gases  are  evolved, 
and  a  yellow  liquor  is  obtained,  which  holds  all  the  indigo  dissolved. 
This  is  separated,  mixed  with  lime-water,  and  then  exposed  to  the  air  un- 
til the  indigo  becomes  blue  and  insoluble,  and  is  completely  deposited  as 
a  precipitate.  The  theory  of  this  action  is,  thai,  by  the  puti'cfaclion  of 
the  vegeto-animal  matter  of  the  leaves,  the  indigo  is  kept  in  the  same 
white,  soluble  conditioa  in  which  it  exists  in  the  plant,  and  a  clear  solu- 
tion of  it  being  thus  obtained,  it  is  precipitated,  according  as  it  absorbs 
o.tygen,  in  a  much  purer  form  than  otherwise  could  be  effected. 

The  putrefying  pasty  mass  of  leaves  obtained  from  the  isatis  tinctoria 
constitutes  the  woad  or  wad  employed  in  the  hot  indigo  bath  for  dyeing 
cloth. 

The  blue  indigo,  as  thus  obtained,  is  still  a  mixture  of  several  bodies, 
as  indigo. red,  indigo-brown, indigo-gluten,  which  are  removed  by  repeat- 
ed treatment  with  alcohol  and  dilute  acids  and  alkalies.  When  pure,  the 
precipitated  indigo  is  a  rich  blue  powder,  which,  when  robbed  by  a  knife, 
assumes  the  colour  of  metallic  copper ;  it  is  perfectly  insoluble ;  when 
cautiously  heated,  it  sublimes  in  rectangular  prisms  of  a  dark  purple  col. 
our  and  metallic  Idstre ;  its  vapour  is  of  a  rich  purple  ;  it  contains  nitro- 
gen, its  formula,  aa  fully  established  by  Dumas,  being  N.Cjj.  HjOj. 

White  Indigo. — When  indigo  is  acted  upon  by  deoxidizing  agents,  as 
protochloride  of  tin,  protoxide  of  iron,  or  sulphurous  acid,  it  loses  its  blue 
colour,  and  the  white  indigo,  which  is  insoluble  in  water,  but  soluble  in 
alkaline  solutions,  is  produced.  Its  mode  of  preparation  is  simple  :  one 
and  a  half  parts  of  commercial  indigo,  two  and  a  half  parts  of  slacked 
lime,  and  two  parts  of  green  copperas,  are  to  be  well  mised  up  with  six- 
ty  parts  of  water,  in  a  vessel  from  which  the  air  is  carefully  excluded. 
The  protoxide  of  iron,  formed  by  the  action  of  the  lime  on  the  copperas, 
peroxidizes  itself  at  the  expense  of  the  indigo  and  water,  and  the  white 
indigo  thus  formed  dissolves  in  combination  with  lime.  On  adding  mu. 
riatic  acid  to  the  clear  solution,  the  white  indigo  precipitates,  and  may 
be  obtained  dry,  as  a  crystalline  powder,  by  suitable  precautions  to  pre- 
vent (he  access  of  air. 

The  simplest  theory  of  this  process  should  be,  that  the  oxide  of  iron 
directly  abstracted  oxygen  from  the  indigo:  hence  the  names  of  iJeoOTi/sei 
Indigo  and  Indigogene  were  given  lo  the  white  substance ;  but  the  anal- 
yses of  Dumas  have  proved  that  the  white  indigo  is  a  compound  of  hy. 
drogen  with  the  blue  indigo,  its  formula  being  CisHj .  N.Oa+H.  In  Ua 
formation,  therefore,  water  is  decomposed,  the  elements  of  it  combining 
respectively  with  the  blue  indigo  and  the  deoxidizing  body. 

On  the  properties  of  this  white  indigo  depend  the  important  application 
oE  indigo  as  a  dyeing  material.  The  indigo  is  rendered  soluble  either  by 
lime  and  copperas  (cold  indigo  bath),  or,  being  diffused  through  warm  wa- 
ter  with  a  quantity  of  woad,  by  the  fermentation  of  which  ammonia  and 
hydrogen  are  evolved,  a  soluble  compound  of  ammonia  and  white  indigo 
4  I 
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IS  oblained  {hot  indigo  bath)  ;  the  former  is  employed  for  cotton,  and  the 
latter  for  wuolleti  cloth.  The  clolh  is  immersed  in  the  bath  until  it  has 
fully  imbibbd  the  soliition ;  it  is  ttten  exposed  to  the  air,  the  oxygen  of 
which  carries  off  the  hydrogen  of  the  white  indigo,  and  the  bliie  insoluble 
indigo  attaches  itself  to  the  fibres  of  the  cloth  ao  firmly  at  the  momeat 
of  its  formation,  as  to  constitute  the  most  permanent  and  the  most  beau- 
tiful of  our  blue  dyes.       ■ 

Sulphate  of  Indigo. — When  blue  indigo,  in  very  fine  powder,  is  digest- 
ed with  strong  oil  of  vitriol,  for  which  purpose  the  German  or  fuming  sul- 
phuric acid  answers  best,  it  dissolves  in  great  part,  and  two  acids  are 
■formed,  the  Salphopurpuric  and  Sulphindi/Uc ;  the  former. is  the  prin- 
cipal product  whet)  the  indigo. is  in  excess,  the  latter  when  the  oil  of  vit- 
riol  preponderates ;  they  are  separated  by  dilution  with  water,  the  sul- 
phopurpuric  acid  being  insoluble,  while,  the  sulphindylic  acid  dissolves. 

The  sulphO purpuric  acid,  though  insoluble  in  dilute  acids,  dissolves 
readily  in  pure  water;  it  forms,  with  the  alkalies  and  earths,  blue  com- 
pounds, which  are  sparingly  soluble  in  water,  but  soluble  in  alcohol.  By 
the  analysis  of  Dumas,  it  appears  to  consist  of  CiEH,t,.  NA+2S.O3,  and 
in  its  potash  salt  to  contain  one  atom  of  alkali. 

The  sulphindylic  acid,  CuHs .  N.Oa+aS.Oj,  when  dried  from  its  solu- 
tiou  in  water,  forms  a  dark  blue  mass.  Its  salts  are  of  a  rich  blue  col- 
our j  those  of  the  alkalies  are  soluble,  those  of  the  earths  and  metallic  ox- 
ides insoluble  in  water.  They  consist,  according  to  Dumas's  analysis,  of 
an  atom  of  indigo,  two  of  sulphuric  acid,  and  one  of  base.  The  sulpho- 
pvirpuric  and  sulphindylic  acids  thus  contain  the  same  organic  element 
(indigo),  but  in  different  proportions,  united  to  sulphuric  acid. 

Berzelius  considers  that,  besides  these  two,  there  are  generated,  by  the 
action  of  sulphuric  acid  on  indigo,  several  other  acids  of  complex  nature; 
but,  as  we  possess  no  exact  resuUs  concerning  them,  and  as  they  are 
of  no  technical  importance,  it  is  unnecessary  to  describe  them  in  detail. 

This  solution  of  indigo  in  oil  of  vitriol  constitatea  the  Saxon  Blue,  or 
Chemic  Blue,  used  extensively  in  dyeing;  on  neutralizing  the  liquor  by 
an  alkali  (carbonate  of  soda),  and  immersing  the  tissue,  whether  wool, 
silk,  or  cotton,  the  indigo  combines  with  the  fibre  of  the  cloth,  and  the 
sulphuric  acid  remains  combined  with  the  alkali. 

By  the  gradua)  oxidation  of  indigo,  a  substance  is  farmed  whioh  crystallizes  in 
large  red  prisms,  and  is  termed  by  Laurent  Jsatme;  its  formula  is.CisHj ,  N.Oi.  II 
tlie  process  be  more  violently  carried  on,  the  constitution  of  tlie  indigo  is  broken  up, 
and  a.  new  type  formed,  thus :  by  the  action  of  an  excess  of  nitric  acid  on  indigo, 
two  reiftarltable  bodies  are  formed,  the  Anilic  aud  the  Picric  Acids.  A  mixture  ol 
one  part  of  fuming  nitric  acid  and  ten  of  water  being  brougbt  to  boil,  indigo  is  to  be 
added  in  fine  powder  as  long  as  any  effervescence  occurs ;  the  liquor  is  to  be  then 
filtered  while.hot.  Both  acids  crystallize  on  cooUng ;  the  crystals  are  to  be  drain- 
ed, redissolved  in  water,  and  precipitated  by  acetate  of  lead ;  picrate  of  lead  falls ; 
anilatenflead  remains  dissolved,  and,  being  decomposed  by  sulphuretted  hydrogen, 
the  Anilk  Add  crystallizes  in  white  needles ;  its  taste  is  bitter  and  acid ;  it  requires 
lODO  parts  of  cold,  and  but  ten  of  bnlllng  water ;  its  salts  are  all  soluble ;  its  for- 
mula is  CnHi .  N.Os-l-Aq. 

The  Fieric  Acid  may  be  obtained  by  diffusing  the  picrate  of  lead  throngb  boiling 
water,  and  decomposing  it  by  sulphuretted  hydrogen  gas ;  on  dltering  and  cooling, 
the  picric  acid  crystallizes.  It  may  be  oblained,  however,  much  purer  and  more 
abundantly  by  digesting  salicine  in  nitric  acid  (p.  606),  and  directly  from  the  sub 
stance  wljich  exists  in  coal  gas  naptha,  termed  by  Laurent  hydrate  of  phenyl ;  ii 
fbrtns  yellow  prisms,  sparingly  soluble  in  cold  water ;  when  heated,  it  explodes,  a^ 
do  also  its  salts ;  its  potash  salt  requires  260  parts  of  pold  water  for  solution,  and 
it  is  hence  sometimes  used  as  a  reagent  for  tliat  alkali ;  its  formula  is  C12H3 ,  NaOjj 
+Aq. 
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When  iiidigo  is  mixed  wUli  a  strong  boiling  aolulioK  of  caustic  polash,  it  dissolves, 
and  Chrysamlic  Acid  Is  formed,  wliieh  may  be  precipitated  by  muriatic  acid  as  an 
orange-red  powder ;  i(  dissolves  ia  alcohol  and  ether,  and  crystallizes  by  the  evap' 
oration  of  the  solutions;  its  formula  appears  to  be  CijHid  .  N.Og-j-Aq.  By  exposure 
to  the  air  whde  hot,  or  directly  by  contact  with  peroxide  of  manganese,  this  acid  Is- 
converted  into  another,  Anthranilic  Acid,  the  propertiea  of  which  are  rematliable ; 
it  is  solahle,  crysialliaes,  gives  very  well-marked  and  crystallizabie  salts,  fuses  at 
27S°,  and  sublunes  a  little  above  that  temperature  unchanged ;  if  it  be  strongly 
heated,  however,  it  is  decomposed,  the  sole  products  being  carbonio  acid  and  a  vol- 
atile liquid,  Anilene.  The  formula  of  thB  liydrated  anthranilic  acid  is  ChUj  .  N.O4, 
and  it  gives  aC.Oa  and  CiaH;N. 

This  liquid,  anilene,  is  a  body  closely  analogous  to  the  melamine  (p.  636) ;  it  acts 
as  a  powerfu)  base,  combining  with  the  hydracids  directly,  and  with  the  oxacids  by 
iRcloding  an  atom  of  water ;  it  thus  resembles  ammonia.  These  important  sub- 
stances, fur  whose. discovery  we  ate  indebted  to  Fritzche,  are  still  under  examina- 

Aclioa  of  Chlorine  on  Indigo. — This  subject,  so  important  inrelation  to  the  theory 
of  the  bleaching  of  colouring  matters,  has  been  very  minutely  investigated  hy  Erd- 
man,  of  whose  numerous  and  complex  vesults  the  elementary  nature  of  this  work 
will  allow  but  a  general  notice  to  be  given.  Dry  chlorine  has  no  action  on  indigo, 
bul  in  presence  of  water  it  converts  it  into  a  yellow  mass,  from  which  is  separated, 
by  distillation,  a  substance  termed  Chlorindopten,  which  sublimes  in  while  scales 
and  needles ;  its  formula  is  CibHi  ,  O2CU ;  it  is  sparingly  soluble  In  water,  copiously 
in  alcohol  and  ether.  This  appears  to  be  a  secondary  product.  The  substance 
■which  remains  behind  in  the  retort,  on  being  dissolved  in  boiling  alcohol,  yields,  on 
cooling,  red  prismatic  crystals  of  CMorisaline :  its  formula  is  OieH^CI.  .  N.On ;  it  is 
bence  indigo,  in  which  an  equivalent  of  hydrogen  is  replaced  by  chlorine,  and  united 
to  an  atom  of  oxygen;  with  an  excess  of  chlorine  it  gives  BicAion'soiine,  which  con- 
sists of  CuHiCli .  N.Oj.  If  these  bodies  be  treated  with  sulphuretted  hydrogen, 
sulphur  is  set  iree,  and  the  hydrogen  enters  into  combination ;  in  contact  with  pot- 
ash, the  elements  of  an  atom  of  water  are  assimilated,  and  an  acid  formed,  which 
unites  with  the  potash-  In  this  way  chJorisatine  ^ves  CMorisatyd,  CieHsCI. .  N.Os, 
and  CIderisalie  Add,  CieH^CI.  .  N.O4,  and  bichlorisatine  gives  two  corresponding 
bodies. 

If  ohlorisatyd  he  heated,  it  produces  water,  chlorisatine,  and  a  violet  powder,  Chio- 
nndiae,  which  has  the  formula  CieHsCl, .  N.Oi,  and  is  hence  a  compound  of  indigo- 
blue  with  chlorine.  By  heating  bichlorisatyd,  the  Bichlorindiae,  CiatljN. .  OjClj,  is 
similarly  formed. 

By  passing  chlorine  through  a  solntion  of  chlorisatine  in  alcohol,  all  hydrogen  is 
removed,  and  a  substance  formed  which  crystallizes  in  pale  yellow  plates,  and  has 
tlie  formula  CcOeCIi  ;  it  is  termed  ChlomniL  By  the  secondary  reactions  of  these 
bodies,  a  number  of  others  are  generated,  which  it  is  not  necessary  specially  to  de- 
scribe. 

Notwithstanding  the  attention  devoted  by  the  most  distinguished  chemists  to  the 
compounds  and  derivatives  of  indigo,  the  theory  of  that  body  remains  very  obscure. 
The  derivation  of  picric  acid  from  the  body  CaHsO.+Aq.  {Hydrate  ofPki^vyl),  dis- 
covered as  a  product  of  destructive  distillation  by  Laurent,  may  serve  as  a  connect- 
ing point  for  niany  of  the  bidies  derived  from  indigo,  and  which  otiierwise  had  ap- 
peared totally  unconnected.  Thus  the  picric  acid  is  evidently  foi^ned  by  the  snb- 
Btitution  of  3N,0i  for  3H.  in  CibHsO.,  and  the  anilene  is  probably  CuH(-(.N.H,  i 
other  speculative  ideas  might  he  brought  forward,  but  I  shall  only  mention  that  the 
bine  indigo  contains  exactly  the  elements  of  cyanogen  and  benzjl,  CjN.-|-CuHiOj, 
and  that,  as  the  cyanogen  is  converted  so  easily  into  oxalic  acid  and  ammonia,  the 
derived  bodies,  which  contain  Cu,  may  thus  have  their  origin. 

Of  the  Cohurmg  Mailers  derived  frmn  the  Lichens, 

Many  species  of  lichen  contain  substances  which,  although  colourless  themselves, 
produce,  by  contact  with  air  and  ammonia,  the  rich  purple  or  blue  colouring  mat- 
ters constituting  the  archil  and  litmus  of  commerce.  The  species  of  lichen  tliaC 
have  been  in  this  respect  most  accurately  examined  are  the  variolaria  dealbata  by 
B.obiquet  and  Ditmas,  and  the  rocella  tinctoria  by  myself. 

The  useful  substance  in  the  variolaria  is  termed  Ordne;  it  is  obtained  by  digest- 
ing the  lichen  in  alcohol,  evaporating  to  dryness,  dissolving  the  extract  in  water, 
concentrating  the  solution  to  the  thickness  of  a  surup,  and  setting  it  aside  tu  crvs- 
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laUize ;  it  forms,  when  qaite  pure,  colourless  prisma  of  a  nauseous-sweet  laste ;  tt 
fuses  easily,  and  may  be.  sublimed  unaltered  ;  its  Ibrmula  is  CisHvOj-J-S  Aq.  when 
Bubllmed ;  when  crystallized  Irom  its  aqueous  solution,  it  contains  6  Aq. 

If  orcine  be  exposed  to  the  combined  action  of  air  and  ammonia,  exactly  as  de- 
scribed for  phloridzine  {p.  607),  it  is  converted  into  a  crimson  powder,  Orceine,  wliich 
is  the  most  important  ingredient  in  the  archil  of  commerce.  The  orcelne  may  also 
be  obtained  by  digesting  dried  archil  in  strong  alcohol,  evaporating  the  solution  in 
a  water-bath  to  dryness,  and  treating  it  with  ether  as  long  as  anytliing  is  dissiilveil ; 
it  remains  as  a  dark  Wood-red  powder,  being  sparingly  soluble  in  water  or  ether, 
but  abundantly  in  alcohol;  its  formala  is  CisHio-  N.Oa.  The  orceinein  archil  is, 
however,  frequently  found  to  contain  less  oxygen,  and  to  be  represented  by  tlie 
forainia  CisHio-N.Os.  I  have  termed  the  first  kind  Alpha-orcehis,  and  the  seconi* 
Bela-orceiite ;  in  properties  they  are  identical. 

OrceTne  dissolves  in  alltahne  liquors,  with  a  magnificent  purple  colour ;  with  me 
talUc  oxides  it  forms  lakes,  also,  of  rich  purple,  of  various  shades.  In  contact  with 
deoxidiaing  agents  it  combines  with  hydrogen,  as  indigo  does,  and  forms  Leacae- 
ceine,  CibHio  -  N.Oa+H.  When  bleached  by  ohlorine,  a  yellow  substance  is  formed, 
Chlorarceini,  ihe  formula  of  which  I  have  found  to  be  CieHm.N.Oa-l-CI.,  analogous 
to  the  other, 

In  the  rocella  tinctoria  there  is  no  orejne  ;  the  origin  of  the  coloured  substances 
is  a  body  which  1  have  termed  Erythn/tine ;  it  is  soluble  in  ether  anil  alcohol,  insul ' 
ubte  in  water,  but  is  gradually  decomposed  by  it ;  its  formula  is  O^iEOg.  By  the 
action  of  the  Etir  it  is  gradually  changed  into  Erytkrine,  a  substance  which  dissolves 
sparingly  in  cold,  but  abundantly  in  boiling  wat^,  from  which  it  separates  on  cool- 
ing in  brilHant  micaceous  plates ;  it  is  very  soluble  in  alcohol  and  ether ;  its  formula 
is  CffiHi^s.  By  prolonged  boiling  in  water,  erythrine  is. changed  into  a  substance 
very  soluble  in  water  and  in  alcohol,  .ImaryiSrine,  the  formula  of  whiohis022Hi30|4; 
and.  finally,  by  the  still  farther  action  of  the  air,  TeleiT/lhrine  is  formed,  which  crys- 
tallizes in  small  grains,  and  has  the  formula  CtiHgO^s. 

If,  however,  in  addition  to  the  air,  ammonia  have  access  to  these  bodies,  the 
crimson  colour  is  produced,  and  the  two  varieties  of  orceme  are  formed.  I  conceive 
the  oxidizing  stage  to  proceed  as  far  as  amarythrine,  and  that,  by  combination  with 
ammonia  and  oxygen,  a  substance  is  formed,  to  which  I  have  given  the  name  of 
Azoerylhrinc.  Its  formula  is  CajHi, .  N.Oi8-|-3  Aq.  By  the  loss  of  4C.0i  and 
6H.0.,  it  gives  alpha-orcettie,  CieHio.  N.Ot,  which,  absorbing  oxygen,  gradually 
forms  the  true  or  beta-orceine,  CisHio .  N.Oj. 

When  an  alkaline  solution  of  oroeTne  is  exposed  to  the  air,  it  absorbs  more  oxy- 
gen, and  a  substance  is  produced  which  constitutes  a  great  part  of  tbe  colouring 
material  of  litmus.  I  have  termed  \t  AxolUndae ;  its  formula  Is  CisHio,  N.Oio!  it  is 
a  dark  red  powder,  which  is  insoluble  in  alcohol  or  ether,  and  but  sparingly  soluble 
in  water ;  it  dissolves  better  in  acid  liquors,  which  render  it  a  pale  red,  and  with 
alkalies  it  gives  the  rich  blue  colour  of  litmus..  With  the  earths  and  metallic  ox- 
ides it  forms  purple  or  bine  lakes  -,  with  deoxidizing  agents  it  is  decolorized,  form 
ing  Leaeditmini,  and  by  chlorine  a  yellow  substance  is  produced,  having  the  foi 
mulaC,sH,o.N.Oio-|-CI. 

Besides  the  bodies  of  the  erythrine  series,  the  hchen  rocella  contains  a  substance, 
termed  EeceUim,  which  is  white,  fusible,  insoluble  in  water,  soluble  in  alcohol  and 
ether ;  its  formula  is  C^sH^iOe.  By  exposure  to  the  air,  it  is  converted  into  a  fatty 
substance  of  a  rich  crimson  colour,  which  I  have  termed  Erythroleic  Acid ;  this  body 
exists  in  archil,  and  is  separated  from  tbe  orceinehy  means  of  its  solubility  in  ether. 
Its  formula  is  C2eH220a ;  it  is  capable,  under  circumstances  which  are  not  yet  well 
understood,  of  being  broken  up  into  two  suhstances,  which  are  both  found  to  exist 
in  Htmus ;  they  are  En/lkroleiite,  which  has  the  formula  Cs^HkOj,  and  Erylhrolii- 
mine,  which  consists  of  CuH^On.  The  eiytbroleine  and  erythroleic  acid  are,  like 
the  alpha  and  beta  orceines,  distinguished  only  by  their  composition ;  Uiey  have  tiie 
same  colour,  are  sparin^y  soluble  in  water,  but  copiously  in  alcohol  and  ether;  they 
dissolve  in  alkaline  liiiuors  with  a  rich  crimson  colour,  and  give  crimson  lakes  with 
tbe  metallic  salts.  The  erjthrolitmine,  on  the  other  hand,  is  bright  red,  very  spa- 
ringly soluble  in  water  or  ether,  but  soluble  in  alcohol.  Alkalies  turn  it  bright  blue ; 
in  a  solution  of  potash  it  dissolves,  but  its  compound  with  ammonia  is  insoluble, 
and  consists  of  Ca,HuO,j-l-N.H,0. 

The  brief  history  of  these  substances  now  given  will  render  intelligible  the  process 
of  manufacture  of  archil  and  litmus,  and  the  principles  of  their  use  in  the  arts  anJ 
in  the  laboratory.    The  lichens  employed  are  ground  up  with  water  to  a  uniform 
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pulp,  aod  this  is  then  mixed  with  as  much  water  as  makes  the  whole  thlck-Snid. 
Animoniaeal  llqunra  from  the  gas  or  iviiry-Iilaek  works,  or  even  stale  urine,  are  front 
time  to  lime  addBd,  and  the  mass  frequently  stirred, so  as  to  promote  the  action  of 
the  air.  The  orcine  or  erytlirine  wliich  existed  In  the  lichen  absorbs  oxygen  and 
ammonia,  and  forms  orceTne ;  the  rocelline  absorbs  oxygen,  and  forms  erythroleio 
acid  ;  these  being  liept  in  solution  by  the  excess  of  snunonla,  the  whole  liquid  is  of 
an  intensely  rich  purple  tint,  and  constitutes  ordinary  archil.  If  the  oxidiiing  ac- 
tion of  the  air  he  allowed  to  go  loo  far,  we  ha»e  the  purple  colour  replaced  by  a 
shade  more  or  lees  blue ;  the  orceTne  changes  to  azoiilmine,  and  Che  erythroleine 
gives  erythrolittnine ;  a  quantity  of  chalk  and  plaster  of  Paris  is  then  added  to  the 
liquor,  so  as  to  form  a  consistent  paste,  and  this,  cut  into  little  cubical  masses  and 
dried,  forms  the  Litmus  of  commerce.  From  the  constitution  of  archil  and  litmna, 
such  must  be  the  general  principles  of  the  manufacture,  although,  particularly  for 
.  litmus,  the  details  are  kept  very  secret  by  those  engaged  in  the  trade. 

The  use  of  litmus  paper  as  a  test  fur  the  presence  of  a  free  acid  arises  from  the 
blue  colour  belonging  to  compounds  of  the  erylhrolltmine  and  BEoerythrine  with  an 
alkali,  and  as  this  is  taken  by  even  the  weakest  acid,  the  red  colouring  materials 

Of  the  Colouring  Mailers  of  Leaves  and  Flowers. 

The  green  colour  of  plants  is  due  to  the  presence  of  a  substance  termed  CWor- 
ophj/ll.  Even  deeply-coloured  plants  contain  but  very  littie  of  it,  and  it  has  not,  as 
yet,  been  obtained  in  a  state  of  such  purity  as  that  any  formula  can  be  assigned  to 
it.  It  does  not  contain  nitrogen ;  it  is  insoluble  in  water,  soluble  in  alcohol  and 
etlier;  it  is  dissolred  by  strong  acids,  and  precipitated  therefrom  by  dilution  ;  it 
enters  into  union  with  bases,  and  gives  pale  green  laltea.  With  deoxidizing  agents 
it  shows  the  same  process  of  decoloration  as  most  other  bodies  of  this  class. 

Ueraelius  has  noticed  that  there  are  really  three  kinds  of  ch!oro|jhyll :  the  first, 
which  exists  in  fresh  leaves,  dissolves  in  acetic  acid  with  a  rich  grass'green  col- 
our ;  the  Bsoond,  formed  from  the  first  by  drying,  gives  an  indigo-blue  solution  with 
the  same  acid ;  and  the  solution  of  the  third,  which  exists  principally  In  the  pyrus 
aria  and  other  dark-leaved  plants,  is  brownish- greet!  So  excessive  is  the  colouring- 
power  of  this  body,  that  Berzelius  has  calculated  that  the  entire  mass  of  leaves  of 
a  large  tree  seldom  contains  ten  grains  of  chlorophyll. 

It  is  known  that  in  autumn  the  leaves  of  many  trees,  as  the  sorbus  aneupana, 
cormis  sanguinea,  &c.,  assume  a  fine  red  colour,  while  the  foliage  of  others,  paitio- 
ulariy  of  forest-trees,  becomes  bright  yeliow.  Berzelius,  who  has  examined  the 
nature  of  t'lls  change,  found  the  chlorophyll  to  be  replaced  in  sucft  leaves  by  a  red 
and  a  yeliow  colouring  matter,  to  which  he  gave  respectively  the  names  Erythro- 
pkyU  sai  XaruhaphyE.  The  former  is  wi  extractive  matter,  easily  soluble  in  akohol 
and  water;  by  the  air  it  is  gradually  changed  into  a  brown  insoluble  matter;  with 
alkalies  it  forms  rich  green  solutions,  and  with  metallic  oxides,  ^en  lakes ;  by 
acids  the  red  colour  is  restored ;  a  green  leaf  containing  chlorophyll  is,  however, 
not  reddened  by  an  acid,  !t  is  remarkable,  that  ail  trees  in  whose  leaves  erythro- 
phylt  fonns  in  autumn  bear  red  fruit,  as  the  cherry,  carrant,  &c. 

Xanthopki/U  is  a  deep  yellow,  fatty  substance,  which  mells  between  100°  and 
130"  ;  it  IS  insoluble  in  water,  but  dissolves  copiously  in  alcohol  and  ether ;  its  so- 
lution, exposed  to  the  air  and  light,  is  rapidly  bleached :  alkahcs  dissolve  it  sparing- 
ly with  a  yellow  colour,  which  is  bieached  by  light. 

We  possess  bilt  very  littie  accurate  knowledge  of  the  col         g  fl  w 

ore:  they  constitute  a  very  remarkable  group  of  bodies,  ea  h 

other,  and  distinct  from  the  colouring  matters  that  have  bee  m   ed 

has  been  stated  that  the  colours  of  all  flowers  result  from  tw  (Aaiho  y 

an),  which  is  soluble  jn  water  and  alcohol,  reddened  by  a  g 

alkalies,  and  from  these  changes  producing  the  red,  and  all  m 
porple  and  violet ;  the  yellow  substance  {Aath/ixanlhine)  is        w         as      so 
ill  alcohol  and  water,  and  is  coloured  intensely  blue  by  oil  T  b- 

stances  possess  most  analogy  lo  hematoxylin  and  to  saffl  is 

highly  probable  th»t  a  great  number  of  species  of  colouring  m  m 

as  tliey  do  in  woods.    The  quantity  present  in  the  flower      g       al  es 

ively  minute,  that  the  accurate  examination  of  their  prope         is      ce       g     d 
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On  some  general  Ckaracitra  of  Colouring  Mailers,  and  on  Ihe  Frinciple* 
of  Dyeing. 
la  addition  to  fhe  detailed  history  of  the  individual  colouring  matters, 
there  are  a  few  remarks  belonging  to  them  aa  a  class  which  deserve 

Under  the  heads  of  indigo  and  of  orcein e,  I  have  described  the  forroa. 
tion  of  white  compounds,  by  the  action  of  deoxidizing  agents,  and  that 
in  those,  which  ate  the  only  cases  that  have  been  accurately  examined, 
it  resulted  fronj  the  direct  combination  of  hydrogen  with  the  colouring 
matter.  This  character  of  forming  a  colourless  compound  with  hydro- 
gen appears  to  belong  lo  all  colouring  substances.  If  an  infusion  of  log- 
wood, of  cochineal,  of  violets,  of  immerin,  be  rendered  acid  by  muriatic 
acid,  and  a  slip  of  zinc  immersed  therein,  the  liquor  becomes  gradually 
colourless,  and  on  adding  ammonia,  a  white  lake  is  precipitated,  consist, 
ing  of  the  hydruret  of  the  colouring  mailer  combined  with  oxide  of  zinc. 
With  oxygen  all  colouring  matters  appear  also  to  combine  to  form  bod. 
ies  quite  or  neariy  destitute  of  colour.  Thus,  if  the  chrysorhamnate  of 
silver  be  boiled  in  water,  metallic  silver  separates,  and  oxidized  colour- 
ing matter  dissolves.  This  illustrates  the  manner  in  which  colours /oiie, 
and  they  are  more  or  \<iss  fugitive,  according  as  their  tendency  thus  to 
combine  with  oxygen  is  greater.  On  this  principle  was  founded  the  old 
process  of  bleaching,  by  exposing  the  cloth  to  the  conjoined  agencies  of 
water,  air,  and  light.  The  bodies  whose  colour  injured  the  whiteness  of 
the  cloth  were  gradually  changed  by  oxidation  into  others,  less  coloured 
and  more  easily  removable  by  washing.  In  the  majority  of  cases,  how. 
evei",  the  process  is  not  limited  to  simple  oxidation,  but  carbonic  acid  is 
evolved,  and  the  colouring  matter  is  totally  broken  up  in  constitution. 

The  colour  of  many  substances,  as  logwood,  archil,  htmus,  indigo,  of 
most  floweiJ,j&c,,  is  removed  by  sulphuretted  hydrogen  and  by  sulphur- 
ouj  acid.  In*these  cases  there  is  direct  combination,  and  the  colour  is 
restored  by  expelling  the  combined  gas,  by  heat,  or  by  a  strong  acid. 
For  commerce,  many  bodies,  particularly  those  of  a  yellow  colour,  are 
given  a  temporary  whiteness  by  stoving  or  smoking  with  sulphurous 
acid,  by  placing  them  in  a  room  where  sulphur  is  burned  ;  this  is  done 
with  corn,  with  straw  for  hats,  with  sponges,  &c.  The  sulphurous  acid 
gradually  goes  off  afterward,  and  the  yellow  colour  returns. 

The  destruction  of  colours  by  means  of  chlorine  is  the  most  important 
sition  to  which  this  class  of  bodies  is  subject,  as  on  it  the  modern 
i  of  bleaching  all  our  woven  tissues,  paper,  &«,,  is  founded, 
ibie  niceties  in  the  application  of  coloured  patterns  on  cloth 
would  be  impossible,  and  the  art  of  the  calico  printer  restrained  to  very 
narrow  limits,  were  it  not  for  the  power  which  chlorine  gives  him  of  re- 
moving the  original  colour  from  any  chosen  space,  and  replacing  it  by 
otheri  of  various  tints.  The  theory  of  this  action  of  chlorine,  which 
had  been  formeriy  thought  to  depend  upon  a  mere  oxidation  of  the  col- 
ourmg  matter,  water  being  decomposed,  has  been  shown  by  my  results 
with  oiceioe,  and  confirmed  by  those  ofBrdman  on  indigo,  to  consist  in 
the  formation  of  new  substances  containing  chlorine.  The  chlorine  in 
some  cases  replaces  hjdrogen ;  in  others  it  combines  directly  with  the 
colouring  matter;  in  others,  again,  WMter  is  decomposed,  and  the  prod- 
uct, besides  containing  chlorine,  is  also  more  highly  oxidized.     The 
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action  of  chlorine  on  colouring  matter  is  therefore  subjected  to  tiie  same 
iftws  as  when  it  acts  upoa  other  organic  substances,,  the  series  of  bodies 
derived  from  indigo  by  chlorine  having  much  analogy  to  the  series  of 
bodies  formed  with  alcohol  or  oleiiani  gas. 

In  relation  to  the  processes  of  dyeing,  colouring  substances  are  divi. 
ded  into  two  classes,  ibe  suistaalive  aod  adjective.  The  aiibsianiive 
colours  are  those  which,  being  very  sparingly  soluble  in  water,  and 
having  a  strong  affinity  for  the  fibm  of  the  cloih,  combine  directly  with 
it;  such  are  carthamine  and  indigo;  the  adjective  colours  are  inca|Hi.ble 
of  so  permanently  fixing  themselves,  and  the  necessary  insolubilijy  and 
affinity  for  the  cloth  is  given  through  the  inlerventioo  of  a  base  with 
which  the  colouring  substance  may  combine.  The  cloth  is  mordanled 
with  alumina  {p.  436),  or  iron  (p.  55S),  or  tin  (p.  448),  or  mixtures  of 
these  metallic  oxides,  and  as  the  lakes  so  formed  are  of  difTereiit  colours, 
a  great  vnrielylif  tints  may  be  produced.  The  field  of  application  of 
substantive  coloui-s,  also,  is  greatly  enlarged  by  fhe  use  of  mordants  ; 
the  simple  colouring  matter  could,  of  course,  give  but  its  own  tiuts,  while 
it  forms,  with  the  bases,  lakes  of  various  colours. 

The  resources  of  the  dyer  are  by  no  means  limited  e*en  by  the  vast 
number  of* coloured  substances  described  in  the  preseiU  chapter.  Froi.i 
the  mineral  kingdom,  some  of  the  richest  colours  are  now  procured,  as 
has  been  already  noticed  in  the  special  history  of  the  salts  of  clirome,  of 
iron,  of  copper,  of  lead,  of  manganese,  and  of  antimony.  It  is  remarka. 
ble,  that  hitherto  do  true  green  colouring  matter  has  been  found  capable 
of  application  in  the  processfes  of  dyeing,  the  only  greens  which  esist  in 
nature  being  the  chlorophyll  and  the  green  of  the  stems  of  buck-thorn 
(sap-green),  neither  of  which  is  capable  of  being  attached  to  cloth;  all 
greens  are,  therefore,  in  practice,  formed  by  the  superposition  of  a  blue 
(indigo  or  Prussian  blue)  and  a  yellow  (chramate  of  lead  or  chrysuthom- 

The  details  of  the  processes  of  dyeing  and  printing  in  patterns,  aU 
though  embracing  some  of  the  most  refined  applications  of  the  properties 
of  the  colouring  matters,  do  not  outer  into  the  plan  of  aD  elementary  and 
general  work,  such  as  this  should  be. 


CHAPTER  XXVir. 

OF   THE   VEGETABLE   ALKALIES. 

TifE  substances  now  to  be  described  constitute  a  very  remarkaiile 
family  of  bodies.  They  exist  naturally  in  the  plants  from  which  they 
are  derived,  and  confer  upon  them  their  most  active  medicinal  prop- 
erties ;  they  act  as  bases,  forming,  with  few  exceptions,  well-char- 
acterized and  neutral  salts  even  with  the  strongest  acids,  and  they 
are  distinguished  from  most  substances  of  vegetable  origin  by  con 
taining  nitrogen.  The  presence  of  this  element,  indeed,  has  hucn 
considered  as  standing  in  immediate  connexion  with  the 
their  alkaline  power,  and  has  given  rise  to  theories  of  thei 
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notice  the  most  important  at  the  co;i- 
r  special  histories. 
QMiwrne.— (N.Cjo .  H;,0;)  or  Qu.     Eq.  163-1  or  2039. 

The  bark  of  the  various  species  of  cinchona. contains  three  vege- 
table alkalies,  combined  with  the  cinchoaic  and  cinchonatatinic 
acids  already  described.  These  are' quinine,  cinchonine,  and  ari- 
cine ;  of  these,  the  quinine  is  by  far  the  most  jmporlant,  and  is  gen- 
erally extracted  from  the  yellow  bark.  The  coarsely-powdered  bark 
is  to  be  boiled  with  eight  or  ten  parts  of  water,  to  which  two  parts 
of  muriatio  acid  have  been  added.  When  the  liquor  will  dissolve 
no  more,  it  is  to  be  allowed  to  cool,  and  strained;  lime  is  then  to 
be  added  in  very  fine  powder  until  the  liquor  has  a  marked  alkaline 
reaction ;  the  precipitate  is  to  be  collected  on  a  linen  cloth,  washed 
once  or  twice  with  water,  and  then  dried;  from  thi»,  boiling  alco- 
hol dissolves  out  quinine  and  cinchonine;  the  solution  being  mixed 
with  water,  the  alcohol  may  be  distilled  off  and  saved;  the  residue 
is  to  be  then  neutralized  by  dilute  sulphuric  acid,  and  a  slight  ex- 
cess added  to  form  acid  salts.  On  evaporating  this  liquor  to  the 
proper  point,  the.  sulphate  of  quinine  crystallizes,  while  the  sulphate 
of  cinchonine  remains  in  solution. 

To  obtain  pure  quinine,  solution  of  sulphate  of  quinine  is  to  be 
decomposed  by  caustic  potash,  and  the  white  curdy  precipitate,  be- 
ing carefully  dried,  is  to  be  dissolved  in  the  smallest  possible  quan- 
tity of  spirit  of  wine.  By  then  allowing  it  to  evapoiato  spontane- 
ously in  a  warm  place,  the  pure  quinine  crystallizes  with  an  atom 
of  combined  water. 

When  heated  cautiously,  the  quinine  abandons  its  crystnl-water, 
and  then  fuses;  its  taste  is  intensely  bitter;  it  requires  200  parts 
of  boiling  water  for  solution,  and  is  almost  insoluble  in  cold  water ; 
it  dissolves  easily  in  alcohol  and  ether. 

The  salts  of  quinine  are  generally  crystalHzable,  and  soluble  in 
alcohol  and  water  ;  those  with  the  oxygen  acids  contain  an  atom  of 
water,  in  which  they  agree  with  the  salts  of  ammonia,  of  melamine, 
and  of  anilene  ;  it  combines  directly  with  the  hydracids. 

The  Muriate  of  Quinine,  (Qu.4-ll.Cl.),  forms  pearly  needles.  It 
dissolves  easily  in  water  ;  with  corrosive  sublimate  and  with  bichlo- 
ride of  platinum  it  forma  double  salts,  soluble  in  water,  and  crys- 
talHzable. 

The  Basic  Sulphate  of  Quinine  is  the  most  important  preparation 
of  this  base ;  its  manufacture  is  conducted  on  a  very  large  scale, 
according  to  the  process  just  now  given  for  preparing  quinine,  or 
various  analogous  methods.  When  crystalhzed,  it  contains  water, 
its  formula  being  (Quj+S-Oj+S  Aq.).  It  effloresces  when  gently 
heated  or  in  very  dry  air,  giving  off  six  atoms  of  water  and  retain- 
ing two,  which  cannot  be  expelled  without  partial  decomposition; 
it  is  but  sparingly  solubje  in  water,  requiring  thirty  parts  of  boiling 
and  740  parts  of  cold  water  ;  it  requires  eighty  parts  of  cold  alco- 
hol, but  much  less  of  hot;  its  crystals  are  small  pearly  plates  or 
needles,  which,  when  heated,  phosphoresce  strongly  and  fuse ;  by 
a  strong"  heat  it  is,  of  course,  totally  decomposed. 

The  Jfeulral  Sulphate  of  Quinine  crystallizes  in  rectangular  prisms 
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which  have  the  formula  (Qu.  +  S.03  + 8  Aq.).  They  effloresce  easily, 
dissolve  in  ten  pans  of  water  at  liO',  and  undergo  aqueous  fusion  at 
212',  It  is  a!so  very  soluble  in  alcohoi ;  though  neutral  in  consti- 
tution, its  solution  reddens  litmus. 

The  sulphate  of  quinine  of  commerce  is  sometimes  aduherated 
with  suipliaie  of  lime  and  with  boracic  acid,  which  are  known  by 
remaining  when  the  organic  substance  is  burned  away,  and  also 
with  sugar  and  witb  margaric  acid.  The  latter  is  detected  by  its 
inaolubiiity  in  dilute  acids;  the  former  by  washing  the  sample  with 
a  little  water,  and  precipitating  the  quinine  that  is  dissolved  by  a. 
drop  of  solution  of  carbonate  of  soda,  when  the  taste  of  the  sugar 
is  recognised. 

PAosp/iaie  of  Quinine  crystallizes  in  small  but  very  brilliant  nee- 
dles, which  are  soluble  in  water  and  alcohol. 

The  TannaCe  of  Quinine  is  formed  by  adding  solution  of  tannic 
acid  or  infusion  of  galls  to  any  salt  of  quinine.  A  white  precipi- 
tate appears,  which  is  totally  insoluble  in  water,  but  dissolves  in 

Ferropmssiate  of  Quinine  is  formed  by  boiling  together  one  part 
of  sulphate  of  quinine  and  one  and  a  half  of  yellow  prussiate  of 
potash  with  seven  parts  of  water.  Tbe  newly-formed  salt  separates 
as  a  greenish-yellow  oily  substance.  "When  the  liquor  is  cold,  it  is 
to  be  poured  off,  and  the  ferropvussiate  of  quinine  dissolved  in 
boiling  alcohol,  frorti  which  it  crystallizes  in  greenish-yellow  nee- 
dles by  spontaneous  evaporation. 

The  action  of  chlorine  on  quinine  and  its  salts  is  very  character- 
istic. If  sulphate  of  quinine  be  dissolved  in  a  large  quantity  of 
chlorine  water,  and  some  water  of  ammonia  added,  a  deep  green 
precipitate  is  formed,  and  the  liquor  becomes  also  intensely  green. 
To  the  body  so  formed  the  name  Dalhiochin  has  been  given.  If 
the  green  solution  be  evaporated  with  contact  of  air,  it  becomes 
dark-red  coloured,  sal  ammoniac  is  formed,  and  two  bodies,  of 
which  one  is  soluble  in  alcohol,  and  the  other  not ;  the  former  is 
called  Rusiochin,  and  the  latter  Melanochin.  Formulffi  have  been 
proposed  for  these  bodies,  but  as  no  security  for  their  accuracy 
has  been  given,  I  think  it  better  not  to  bring  them  forward.  These 
reactions,  combined  with  the  action  of  tannic  acid,  serve  as  tests 
for  quinine. 

CmcAoawfi.— N.Ca, .  HiaO.  or  Ci.     Eq.  155-1  or  1939. 

This  alkali  exists  most  abundantly  in  the  gray  hark  (cinchona 
micrantha),  from  which  it  may  be  obtained  by  the  same  kind  of  pro- 
cess as  the  yellow  bark  is  subjected  to  for  the  extraction  of  quinine; 
but  it  is  usually  prepared  from  the  mother  liquors  which  remain 
after  the  crystallization  of  tbe  sulphate  of  quinine,  as  just  now  de- 
scribed ;  from  its  alcoholic  solution  it  crystallizes  in  thin  colourless 
prisms ;  its  taste  is  peculiar  and  bitter ;  it  requires  2500  parts  of 
boiling  water  for  solution,  but  dissolves  easily  in  alcohol  and  in 
ether.  At  330'  it  fuses,  without  losing  weight..  Its  salts  resemble 
very  closely  those  of  quinine. 

Muriate-  of  Cinchonine,  Ci.-(-H.Cl.,  crystallizes  easily  in  brilliant 
4  K 
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interwoven  needles;  it  forms  double  salts  with  the  metallic  chlo- 
rides, similar  to  those  of  quinine. 

.SiUphaie  of .  Ginckomne.-r-Thf!- basic  sulphate,  Ci,  +  S.0a+2  Aq., 
crystallizes  in  rhombic  prisms;  it  requires  fifty-four  parts  of  Cold 
water  for  solution.  The  »ea«'a/ salt,  Ci.-!-S.OaH  8  Aq.,  is  mlich  more 
soluble,  and  crystallizes  in  large,  well-formed  rhombic  octohedroos. 
The  Tannale  of  Cmchonine  is  a  white  insoluble  powder. 

In  contact  with  chlorine,  cinchonine  forms  a.  dark  red  solution, 
and  after  some  time  a  brown  precipitate  appears.  If  iodine  and 
cinchonine  be  dissoived  together  in  alcohol,  and  the  liquor  evap- 
oratod  spontaneously,  a  compound  crystallizes  in  saffron-coloured 
needles,  which  is  described  as  Iodide  of  Cinchonine,  which  it  cannot 
be,  as  hydriodic  acid  ia  formed, 

Aricine.~N.G^  .  H.iOj  or  Ar.     Eq.  171-1  or  2139. 

This  alkaloid  is  found  in  the  bark  known  as  China  de  ciisco,  or 
arica  bark,  with  which  the  genuine  cinchona  bark, is  often  adulter- 
ated ;  the  tree  yieiding  it  is  not  known.  It  is  obtained  by  precisely 
the  same  process  as  cinchonine  and  quinine  are  procured  from  the 
pale  and  yellow  barks. 

It  crystallizes  in  brilliant  white  needles;  it. is  totally  insoluble  in 
water,  but  easily  dissolves  in  alcohol  and  ether.  These  solutions 
have  an  intensely  bhter  taste;  by  nitric  acid.it  is  coloured  green; 
its  salts  have  been  but  very  little  examined,  but  they  appear  to  cor- 
respond very  closely  in  constitution  and  properties  to  the  salts  of 
quinine  and  cinchonine. 

Jfojy/wa.— N.Cjs  .  HjoOs  or  Mr.     Eq.  293-8  or  3673. 

To  this  body  is  due,  in  most  part,  the  medicinal  activity  of  opium, 
as  a  substitute  for  which  it  is  prepared  upon  a  very  large  scale. 
The  processes  adopted  in  the  British  pharmaeopffiias  for  this  pur- 
pose are  very  simple,  and  deliver  a  product  which,  although  by  no 
means  chemically  pure,  is  yet  sufficiently  so  for  all  medicinal  ob- 
jects j  as  they  are,  however,  more  especially  applied  to  the  prep- 
aration of  the  muriate  of  morphia,  I  ehali  describe  them  under  that 
head., 

To  obtain  pure  morphia,  the  process  invented  by  Wittstock  is 
perhaps  the  best.  One  part  of  opium,  eight  of  water,  and  two  of 
muriatic  acid  are  to  be  digested  together  for  six  hours  ;  when  the 
mixture  has  cooled,  the  brown  solution  is  to  be  poured  ofl',  and  the 
residue  treated  twice  more  with  water  and  acid.  The  liquors  so 
obtained,  being  mixed,  are  to  be  saturated  with  common  salt,  on 
which  they  become  milky,  and  after  a  few  hours,  a  brown  clotty 
precipitate  forms;  this  being  removed  by  the  filter,  ammonia  is  to 
be  added  in  slight  excess,  and  the  whole  alloived  to  stand  for  twen- 
ty-four hours.  The  precipitate  which  forms  ia  this  time  is  to  be 
collected  on  a  filter,  washed  wifh  a  little  water,  dried,  and  digested 
in  spirit  of  specific  gravity  0-820,  which  dissolves  out  the  morphia. 
By  distillation,  the  greaterpart  of  the  spirit  is  removed,  and  the 
morphia,  being  dissolved  in  a  small  quantity  of  boiling  alcohol,  crys- 
tallizes on  cooling.  In  this  process,  the  narcotine  is  separated  by 
the  addition  of  the  common  salt,  in  a  solution  of  which  it  is  insolu- 
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ble  ;  the  meconic  acid,  codeitie,  and  fhebame  remain  dissolved  after 
the  addition  of  the  ammonia  in  excess,  and  the  other  principles 
present  in  the  opium  remain  in  the  mother  liquor  after  the  morphia 
crystallizes. 

The  process  of  Merck  is  founded  on  the  insolubility  of  morphia 
in  a  solution  of  sal  ammoniac,  and  its  solubility  in  lime-water. 
Opium  is  to  be  digested  in  three  times  its  weight  of  water,  then  ex- 
pressed, and  this  repeated  three  or  four  times ;  these  solutions  be- 
ing mijied,  are  brought  to  boil,  and  milk  of  lime  added  in  slight  ex- 
cess; the  precipitate  which  romisis  to  be  collected  on  a  strainer 
and  strongly  pressed ;  the  liquor  is  then  to  be  evaporated  until  it  is 
about  tivice  the  weight  of  the  opium  em.loyed,  and  lo  be  then  fil- 
tered, brought  to  boil,  and  for  each  pound  of  opium,  one  ounce  of 
sal  ammoniac  added  in  powder.  .  The  morphia  separates  in  crystals, 
and  may  be  purified  by  boiling  with  some  lime  and  ivory  black,  and 
precipitation  again  by  sal  ammoniac. 

JVlorphia  crystallizes  in  right  rhombic  prisms,  as  in  the  figure,  i, 
a  being  primary,  and  m  a  secondary  plane,  containing 
2  Aq.,  wliich  they  lose  by  efflorescence  in  a  gentle  heat,  ( 
and-  become  opaque  j  its  taste  is  strongly  and  permaner 
ly  bitter;  it  is  almost  insolnbJe  in  water,  requiring  4(J' 
pans  when  boiling,  and  separating  almost  completely  a 
the  liquor  cools.  The  solution  reacts  strongly  alkaline  ;  if. 
readily  in  alcohol, "but  very  sparingly  in  ether.  It  dissolves  in  so- 
lutions of  the  caustic  alkalies  or  earths.  If  morphia  or  any  of  its 
sails  be  brought  into  contact  with  nitric  acid,  they  become  coloured 
red  ;  this  property  belongs  also  to  some  other  vegetable  alkalies, 
and  appears  not  to  be  possessed  by  morphia  when  absolutely  pure, 
With  chlorine  water,  morphia  is  firsr       '  '  ,        .    . 

dissolved.     If  iodic  acid  be  brought 
immediately  decomposed,  and  iodine  set  free. 

If  morphia  or  any  of  its  salts  be  added  to  a  s  ' 
ride  of  iron,  the  sohuion  assumes  a  rich  blm 
moved  by  an  excess  of  acid,  but  returr 
by  an  alkali.     With  tannic  acid  it  gives 
By  these  remarkable  reactions,  the  recognition  of  morphia 
dered  more  simple  than  that  of  any  other  body  of  its  class. 

Morphia  completely  nenlralizes  the  strongest  acids,  forming  salts 
which  are  generally  sojuble  and  cryscallizabte. 

Jyiunqte  of  Morphia,  Mr.-j-H.CI.,  is,  for  medicinal  objects,  the 
most  impbrtant  compound  of  morphia;  its  preparation,  as  directed 
by  the  British  pharmacopteias,  is  as  follows:  the  soluble  parts  of 
opium  having  been  dissolved  out  by  digestion  in  water,  the  united 
liquors  are  to  be  evaporated  to  the  consistence  of  a  sirup,  and  then 
cold  water  added,  by  which  a  quantity  of  feculent  matter  (npolheme) 
is  separated;  the  clear  liquor  is  to  be  decomposed  by  a  slight  ex- 
cess of  chloride  of  lead  (London)  or  of  chloride  of  calcium  (Edin- 
burgh).  The  mcconate  of  morphia,  which  exists  in  the  opium,  be- 
ing decomposed,  mcconate  of  lime  or  lead  is  precipitated,  and  mu- 
riate of  morphia  remains  dissolved;  the  liquor  is  to  be  earefully 
strained  and  evaporated  to  a  pellicle-;  on  cooling,  the  salt  crystalli- 
ies;  this  is  to  be  pressed  between  folds  of  cloth,  to  remove  the 
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dark  mother  liquor,  ond  then  dissolved  in  boiling  water,  digcsteil 
■with  ivory  black,  and  tecrystallized  until  the  crystals  become  per- 
fectly white. 

The  product  of  this  method,  although  not  chemically  pure,  is  suf 

others  of  the  opium  alkaldida.  To  obtain  the  pure  salt,  pure  mor- 
phia should  be'  dissolved  in  dilute  muriatic  acid,  and  the  solution 
crystiiilized. 

Svlphales  of  Morphia,— Ihe  neutral  sulphate,  which  crystallizes  in 
groups  of  soft  needles,  and  dissolves  in  twice  its  weight  of  water, 
has  (he  formula  Mr.H.O. .  S.Oj+S  Aq.  The  Bi$ulpkaU  of  Morphia 
does  tiot  crystallize. 

Jlcttaif.  of  Morphia  is  formed  by  dissolving  the  alkali  in  acetic 
acid,  or  by  decomposing  muriate  of  morphia  by  acetate  of  lead  ;  it 
is  soluble  in  water  and  in  alcohol,  and,  after  the  muriate,  is  the  most 
important  salt  of  morphia. 

Morphia  is  precipitated  by  ammonia  and  by  tannic  acid  from  so- 
lutions of  any  of  these  salts, 

JVorcortMe.— JV.Cjs .  HsO,3  "r  TSr.  Eq.  5230  or  418. 
This  alkaloid  may  he  obtained  at  once  from  opium  by  digestion 
with  ether,  or  when  the  impure  morphia  is  thrown  down  by  ammo- 
nia, ether  dissolves  out  the  narcotine  from  it.  It  crystallizes  in  col- 
ourless rhombic  prisms,  which  are  generally  larger  than  those  of 
morphia;  it  fuses  at  338^,  and  remains  liquid  until  cooled  to  266°, 
when  it  congeals  as  a  mass  of  radiated  needles.  It  is  almost  insol- 
uble in  water,  but  easily  soluble  in  alcohol  and  ether;  its  salts  have 
but  little  stability,  few  of  them  crystallize,  and  most  are  decompo- 
sed by  dilution  with  much  water.  By  ammonia  and  tannic  acid  they 
are  precipitated. 
■  From  morphia,  narcotine  is  very  easily  distinguished  by  its  solu- 
bility in  ether,  insolubility  in  caustic  alkalies  and  earths,  and  its  not 
giving  the  reactions  characteristic  of  morphia  with  nitric  acid  or 
with  sesquichloride  of  iron.  But  if  narcotine  be  put  in  contact  with 
sulphuric  acid,  and  oxygen  is  supplied  either  by  the  air  or  by  a 
trace  of  nitric  acid,  it  becomes  red.  Under  these  circumstances, 
however,  morphia  becomes  green. 

CoAVwe.— N.Cs; .  H;„0,  or  Cdn.    Eq.  3573  or  285-8. 

This  alkali  remains  dissolved  after  the  morphia,  narcotine,  and 
other  substances  have  been  precipitated  by  ammonia.  The  filtered 
liquor  is  to  be  evaporated  to  dryness,  and  digested  in  solution  of 
potash ;  a  substance  remains  undissolved,  which  gradually  becomes 
crystalline.  This  is  to  be  washed  with  water,  and  then  dissolved  in 
boiling  ether,  from  which,  by  spontaneous  evaporation,  the  codeine 
separates  In  colourless  prismatic  crystals,  which  contain  2  Aq. 

Crystallized  codeine  fuses  at  300°,  giving  off  its  crystal  water.  It 
dissoI*^es  copiously  in  water  ;  the  solution  reacts  strongly  alkaline  ; 
it  is  insoluble  in  alkaline  liquors,  but  forms  with  acids  perfectly 
neutral  crystallizable  salts.  These  are  precipitated  copiously  by 
tannic  acid,  but  not  by  ammonia ;  it  does  not  produce  any  of  the 
reactions  described  as  characterizing  morphia.    As  none  of  its  salts 
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are  employed  in  pharmacy  or  medicine,  they  need  not  be  specially 
noticed. 

Tkebdine N.Cjj .  H.A  or  Tb.     Eq.  2542  or  203-4. 

The  watery  infusion  of  opium  being  treated  with  milk  of  lime,  so 
that  the  morphia  may  rest  undissolved,  the  precipitate  is  to  be 
washed  with  water  until  it  becomes  white,  and  then  dissolved  in  a 
dilute  acid.  From  this  solution  thebaine  is  precipitated  by  ammo- 
nia. The  precipitate  being  dissolved  in  ether,  and  the  solution 
evaporated,  pure  thebaine  crystallizes  in  colouriess  short  rhombic 
prisms,  which  taste  sharp  and  styptic,  and  have  a  strong  alkaline 
reaction.  At  300'  it  fuses,  and  solidifies  tben  only  when  cooled  to 
230^.  It  is  scarcely  soluble  in  water,  but  abundantly  so  In  alcohol 
and  ether. 

By  acids  thebaine  is  decomposed,  a,  resinous  substance  and  a  salt 
of  ammonia  being  formed.  In  its  other  characters  it  completely 
resembles  narcotine. 

JVarceine, — The  watery  solution  of  opium  is  to  be  heated  first  by 
ammonia,  which  throws  do(vn  morphia,  narcotine,  thebaine,  and 
some  other  bodies,  and  these  being  removed  by  filtrations,  the  me- 
conic  acid  and  codeine  are  to  be  precipitated  by  an  excess  of  solu- 
tion of  barytes.  The  .excess  of  barytes  being  then  removed  by  a. 
current  of  carbonic  acid  gas,  the  filtered  liquor  is  to  be  evaporated 
to  the  consistence  of  a  sirup  and  set  aside  j  after  some  time  crys- 
tals form,  which  are  a  mixture  otmeconine  (see  p.  610)  and  narceiae. 
These  are  separated  by  ether,  which  dissolves  the  meconine,  and 
the  residual  narcelne  being  dissolved  in  alcohol  and  decolorized  by 
animal  charcoal,  crystallizes,  by  the  cooling  of  its  solution,  in  deli- 
cate needles. 

It  tastes  bitter,  fuses  at  200",  and  forms  a  crystalline  solid  on 
cooling  J  it  dissolves  in  230  parts  of  boiling  water ;  it  is  very  solu- 
ble in  alcohol,  but  insoluble  in  ether ;  its  solution  does  not  react  al- 
kaline, and  it  is  decomposed  by  strong  acids;  in  its  constitution, 
however,  it  resembles  the  true  vegetable  alkalies,  its  formula  being 
■N.C,8.H,A2. 

PseudomorpAine,  "N.C^.Hifin,  occurs  but  very  rarely  in  opium. 
For  its  mode  of  preparation,  when  present,  I  shall  refer  to  the  lar- 
ger systematic  works  j  in  its  reactions  it  is  absolutely  identified 
with  morphia,  from  which  it  is  distinguished,  however,  by  its  com- 
position, by  crystallizing  iss  plates,  and  by  not  forming  any  well- 
characterized  salts,  although  it  dissolves  very  readily  in  dilute  acids 

Strychnine.— N^C,^ .  H^^O,  or  Stc.  Eq.  4355  or  348. 
This  alkaloid  exists  associated  with  brucine  in  several  species  of 
strychos  {nux  vomica,  ignatia,  colubrina,  &c.),  also  ia  the  substance 
used  by  the  natives  of  Borneo  for  pojsoning  their  arrows,  and  term- 
ed UpaS'tieula,  or  Woorara  ;  it  is  obtained  most  easily  from  the  Ig- 
natius's  beans,  which  contain  but  little  brucine  ;  but,  as  these  are  not 
often  found  in  commerce,  the  nux  vomica  is  most  generally  em- 
ployed. The  seeds  are  to  be  boiled  for  some  time  in  strong  alco- 
hol, which  dissolves  out  a  quantity  of  fatty  matter;  being  then  dried 
IB  a  stove,  they  are  easily  reduced  to  powder  j  this  powder  is  to  be 
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then  boiled  two  or  three  times  in  nlcoiiol,  and  the  liquor  distilled 
■until  the  greater  part  of  the  alcohol  has  come  over.  To  the  resi- 
due, acetate  of  lead  is  to  be  added  as  long  as  any  precipitate  oc- 
curs ;  by  this,  means  more  fat,  colouring  matter,  and  some  organic 
acids  are  removed.  The  filteii^d  liquor  is  to  be  then  evaporated  so 
far,  that  from  sixteen  ounces  of  nux  vomica  it  amounts  to  six  or 
eight  ounces.  To  this  quantity  two  drachms  of  magnesia  are  to  be 
added,  and  the,  whole  allowed  to  stand  aside  for  some  days;  the 
precipitate  which  forms  is  to  be  collected  on  linen,  pressed,  dried, 
and  dissolved  in  alcohol,  from  wliich  the  strychnine  crystallizes  on 
cooling,  while  the  brucine  remains  in  the  mother  liquor.  As  the 
strychnine,  however,  is  not  yet  pure,  it  is  to  be  dissolved  in  dilute 
nitric  acid,  and  the  solution  evaporated  to  a  pellicle.  On  cooling, 
the  nitrate  of  strychnine  crystallizes  in  brilliant  white,  soft,  feathery 
prisms,  while  the  nitrate  , of  hrucine.  separates  afterward  in  large, 
hard,  rhombic,  prisms.  From  sixteen  ounces  of  nux  vomica,forty 
grains  of  nitrate  of  strychnine  and  fifty  grains  of  nitrate  of  brucine 
.may  be  obtained  ;  from  the  solution,  of  the  pure  nitrate  in  water, 
the  strychnine  moy,,be  precipitated  by  ammonia,  and,  being  dissolv- 
ed in  spirit  of  wine,  it  ci-ystallizes,  by  spontaneous  evaporation,  in 
small  white  four-sided  prisms. 

Strychnine  has  an  intensely  bitter,  somewhat  metallic  taste  ;  it 
requires  7000  parts  of  cold  water  for  solution  ;  and  yet,  if  one  part 
of  this  be  diluted  witji  100  parts  more  of  water,  this  liquor  tastes 
strongly  bitter  j  it  is  insoluble  in  absolute  alcohol  and  in  ether,  but 
dissofyes  readily  in  spirit  of  wine.  With  acids  strychnine  unites, 
forming  we  11- characterized  and  crystallizaWe  salts;  it  differs  from 
the  other  vegetable  alkalies  in  containing  two  atoms  of  nitrogen  in 
its  equivalent.  With  chlorine  strychnine  gives  a  white  precipitate  ; 
also  with  tannin  ;  when  completely  pure,  it  is  not  reddened  by  nitric 
acid,  but  sucli  as  it  exists  in  commerce  it  generally  is  so,  owing  to 
the  presence  of  traces  of  brucine. 

Muriate  of  Strychnine,  Slc.  +  H.Cl.,  crystallizes  in  crowded  rhom 
bic  needles,  which  dissolve  readily  in  water.  With  corrosive  sub- 
limate, with  bichloride  of  platinum,  and  with  cyanide  of  mercury, 
it  gives  insoluble  double  salts. 

Hydrocyftnate  of  Strychnine  is  obtained  by  dissolving  strychnine  in 
prussic  ,acid  ;  it  crystallizes  in  needles,  which  are  decomposed  even 
by  a. gentle  heat.  If  solution  of  sulphocyanide.  of  potassium  be  ad- 
ded to  a  solution  of  any  salt  of  strychnine,  the  liquor,  when  agitated, 
depositee  the  Sulphocyanate  of  Strychnine  in  fine  ra^di ate d  needles, 
which  are  insoluble  in  water.  By  this  means  one  part  of  strychnine 
may  be, recognised,  in  375.  of  water,  and  hence  Artus  has  proposed 
this  reaction  as  the  best  medico-legn!  test  for  strychnine. 

Sulphate  of  Strychnin^  form?  small  cubic  crystals,  which  contain 
■1  Aq.,  and  are  soluble  in  ten  parts  of  water. 

The  characters,  of  the  JVitrale  of  Strychnine  have  been  described  in 
the  method  of  preparing  the  alkaloid. 

Strychnine  is,  perhaps,  after  pure  prussic  acid,  the  most  intense 
of  poisons.     It  kills  by  producing  tetanus. 
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Brucine.-~Nfi„  .  H^jO^  or  Br.     Eq.  MS  or  5107. 

This  substance  is  found  associated  with  strychnine,  as  already  de- 
scribed, and  also  in  the  bark  of  the  false  angustura,  which  is  now 
known  to  be  the  strychnos  nux  vomica,  though  formerly  supposed 
to  be  the  brucia  antidysenterica,  whence  the  name  of  this  alkaloid 
is  derived.  Its  mode  of  preparation  from  the  nux  vomica  has  been 
sufficiently  described  in  the  preceding  article. 

From  its  solution  in  spirit,  brucine  crystallizes  in  colourless 
rhombs,  containing  water,  which  they  abandon  on  melting  at  220'. 
It  dissolves  in  850  parts  of  cold  and  in  500  parts  of  boiling  water; 
these  solutions  react  alkaline,  and  taste  intensely  bitter  ;  it  dissolves 
readily  in  alcohol,  but  is  insoluble  in  ether. 

With  nitric  acid,  brucine  becomes  of  a  rich  red  colour,  which,  on 
the  addition  of  protochloride  of  tin,  changes  to  a  fine  violet;  this 
distinguishes  it  from  the  red  of  morphia,  which  is  completely 
bleached  by  protochloride  of  tin  and  by  sulphurous  acid. 

With  chlorine,  brucine  gives  a  yellowish-red,  and  with  iodine  a 
chocolate -brown  precipitate. 

The  salts  of  brucine  have  a  bitter  taste,  are  generally  crystalliza- 
ble,  and  give  with  tannin  and  with  ammonia  white  precipitates. 

TAe  Curara,  or  Urari  poison,  used  in  the  Indian  Archipelago  for 
poisoning  arrows,  contains  a  vegetable  alkaloid,  Curarine,  which 
forms  a  yellow  un  cry  stall  izable  mass,  which  dissolves  easily  in  wa- 
ter and  ill  alcohol,  hut  is  insoluble  in  etber;  it  reacts  alkaline,  and 
combines  with  acids  ;  its  salts  do  not  crystallize  ;  its  solution  is  pre- 
cipitated by  tannic  acid. 

The  tree  from  which  curara  is  derived  is  not  accurately  known, 
but  is  supposed  to  be  a  strychnos. 

.  Bel]ihimne.^N.C^  .  H,A  or  De.  Eq.  2659  or  212-4.— This  sub- 
stance is  extracted  from  the  seeds  of  the  stavesacre,  delphinium 
stapMsagria,  by  digestion  in  water,  to  which  some  sulphuric  acid 
had  been  added.  The  acid  liquor  is  to  he  decomposed  by  a  slight 
excess  of  magnesia,  and  the  precipitate  being'washed  and  dried,  is 
to  be  boiled  in  alcohol,  which  dissolves  the  delphinine.  To  obtain 
it  quite  pure,  it  is  to  be  redissolved  in  a  dilute  acid,  boiled  with  ani- 
mal charcoal,  filtered,  precipitated  with  ammonia,  and  the  precipitate 
dissolved  in  alcohol,  from  which  the  delphinine  separates  on  cooling 
as  a  white  crystalline  powder. 

It  is  soluble  in  ether  and  alcohol ;  almost  insoluble  in  water ;  its 
solution  has  an  intolerably  sharp  taste ;  it  melts  at  250°  ;  chlorine 
turns  it  green;  oil  of  vitriol  colours  it  red,  and  then  carbonizes  it; 
its  salts  are  very  soluble,  but  crystallize  badly;  Courbe  states  that 
the  stavesacre  contains  also  a  substance,  Stepkysaine,  (N-Cs, .  H^jO,  1), 
which  is  distinguished  by  its  insolubility  in  ether ;  it  is  a  yellow 
resinous  mass,  insoluble  in  water,  but  dissolving  in  dilute  acids  with- 
out neutralizing  them. 

Veralnne.—N.C^  .  H^A  or  Ve.     Eq.  3647  or  289. 
This  alkaloid  is  found  in  the  roots  of  the 
the  seeds  of  the  veratrum  sabadilla;  the  best  p 
tion  is  that  given  by  Vasmer. 


by  Google 


632  S  A  B  A  DI  L  L  I  N  E. J  E  R  V  I  N  E. 0  OLCHICINE. 

The  sabadilla  seeds  are  to  be  infused  in  water,  containing  an  ounco 
of  oil  of  vitriol  for  each  pound  of  seeds,  as  long  as  anything  is  dia* 
solved.  The  filtered  )ic[nor  is  wine-yel!ow ;  it  is  to  be  accurately 
neutralized  by  carbonate  of  soda,  and  evaporated  to  the  consistence 
of  an  extract.  While  yet  warm,  alcohol  is  to  be  poured  on  it,  and 
digested  until  everything  soluble  is  taken  up.  From  this  solution 
the  alcohol  is  then  to  he  distilled  off,  the  residue  digested  in  dilute 
sulphuric  acid,  and  from  this  liquor  the  veratria  precipitated  by  car- 
bonate of  soda.  The  precipitate  must  be  redissolved  in  a  dilute 
acid,  digested  with  ivory  black,  and  again  precipitated  by  a  carbon- 
ated alkali  in  order  to  obtain  it  pure. 

Pure  veratrine  appears  as  a  white  un crystallized  resinous  powder ; 
it  melts  at  230',  reacts  alkaline,  has  no  snieli,  but  produces  violent 
sneezing  ;  its  taste  is  exceedingly  sharp,  but  without  bitterness  ;  it 
is  insoluble  in  tvater,  but  dissolves  readily  in  alcohol  and  ether  ;  its 
salts  are  mostly  crystal lizable  and  neutral,  but  if  mixed  with  much 
water  they  are  decomposed,  acid  being  set  free,  and  a  basic  salt  pre- 
cipitated. Veratrine  itself  is  actively  poisonous,  and  is  much  used 
in  medicine,  but  none  of  its  salts  are  important. 

Sahadmine.—'N.C^  .  HiA  or  Sa.  Eq.  2351  or  188-1. 
This  body,  which  accompanies  veratrine,  is  separated  fiom  it  by  boiling  the  pre- 
cipitate prdaijeed  by  the  carbonate  of  soda  with  water.  From  the  liquor  [tie  sabadil- 
line  gradually  separates  ia  radiated  crystalline  needles,  of  a  paie  rose  colour,  but 
when  parified  it  becomes  white;  lis  laaieis  intolerably  sharp ;  il  is  sparingly  soluble 
in  water  or  in  eiher,  but  abundantly  soluble  in  alcohol ;  it  reacts  sirongly  alkaline, 
aod  forms  crysiallizable  salts  with  acids. 

Ja-mne.—'N^C^  .  Ufi,  or  Je.    Eq.  5952  or  476. 


This  alkaloid  accompanies  veratrine  in  veralmm  album;  it  is  prepared  by  a  pro- 
cess similar  to  that  for  veratrine,  from  which  It  is  separated  by  the  facility  with 
which  it  crystallizes  from  its  alcoholic  solution,  and  by  the  veiy  sparing  solubility 
of  its  sulphate.  When  pure  it  is  white,  easily  lusible,  totally  decomposed,  at  400°, 
nearly  insoluble  in  water,  but  copiouslv  soluble  In  alcohol.  01'  Its  salts,  the  sul- 
phate, nitrate,  and  muriate  are  sparingly  soluble  in  water  ot  in  mineral  acids;  the 
acetate  dissolves  readily.  Muriate  of  jervlne  forms,  with  biobloride  of  platinum,  a 
very  sparingly  soluble  double  salt.  Crystallized  jervlne  contains  4  Aq. 
Co/c A jme.— (Formula  not  established.) 

This  alkaloid  is  obtained  from  the  seeds  of  the  meadow  saffron  (col  chicum  aulunv 
nale)  hy  digestion  in  a  mixture  of  weak  alcohol  and  sulphuric  acid.  The  excess 
of  acid  in  the  liquor  is  to  be  then  neutralized  by  lime,  and  the  alcohol  distilled  off. 
The  residual  liquor  is  to  be  decomposed  by  carbonate  of  potash  In  excess,  the  pre- 
cipitate washed,  dried,  dissolved  in  absolute  alcohol,  decolorized  by  animal  charcoal, 
and  gently  evaporated,  a  few  drops  of  water  being  added.  The  pure  colchicine 
crystallizes  in  colourless  needles.  Its  taste  is  intensely  hitter,  but  not  biting,  lilce 
that  of  veratrine,  nordoesit  produce  the  violent  sneezing;  it  is  pretty  soluble  in  wa- 
ter, and  very  soluble  in  alcohol  and  ether;  its  solatlon  reacts  feebly  alkaline,  but 
neutralizes  acids  perfectly.  Tincture  of  iodine  precipitates  it  of  a  rich  orange  col- 
.  oar.  Nitric  acid  colours  it  dark  violet  and  blue.  Though  most  abundant  in  the 
seeds,  aU  parts  of  the  meadow  saffron  contain  colcbiciae. 

Em&ine. — (Formula  not  established.)  This  substance  esists  in  all 
those  plants  whose  roots  are  sent  into  commerce  under  the  name 
of  Ipecacuanha,  or  Hippo.  The  roots  are  to  be  powdered  and  digest- 
ed in  ether,  by  which  a  fatty  substance  is  taken  up.  They  are  then 
to  be  boiled  with  alcohol,  the  decoction  mixed  with  water,  and  the 


spirit  distilled  off.     The  residual  liquoi 

boiled  with  magnesia ;  the  precipitate  is  to  be  dried  and  digested  in 
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abiihol,  which  dissoii-es  the  emetine.  This  solution  is  to  be  evap- 
oritted  to  dryness,  the  residue  dissolved  in  a  dilute  acid,  the  liquor 
boiled  with  ivory  black  until  completely  decolorized,  then  filtered, 
and  the  emetine'  precipitated  by  an  alkali. 

When  completely  pure,  emetine  is  white  and  nearly  tasteless  ;  it 
is  very  poisonous;  scarcely  soluble  in  water  or  in  ether,  it  dis- 
solves readily  in  alcohol;  it  possesses  strong  alkaline  properties; 
its  salts  are  completely  neutral,  but  cannot  be  crystallized;  they 
dry  down  to  gummy  masses.  Tannic  acid  and  corrosive  sublimate 
produce  white  precipitates  ;  iodine,  bichloride  of  platinum,  brown 
ish-yellow  precipitates  with  the  salts  of  emetine. 

Solmine.—N.G„  .  H„0^  or  So.    Eq.  7519  or  601, 

This  alkaloid  is  found  in  the  berries  of  the  solanum  nigrum ;  in  the  berries,  leaves, 
and  stems  of  the  solanum  dulcamara  (biller-sweel)  and  tuberosum  (potato). 

The  powdered  stems  oi' bitter-sweet  are  to  be  digested  wilh  spirit  of  sp.  gr.  0865, 
mised  with  one  third  of  sulphuric  acid.  The  liquid  is  so  be  supersaturated  wiUi 
milk  of  lime,  the  spirit  distilled  off,  the  i-esidue  washed  with  water,  and  what  remains 
treated  with  dilute  sulphuric  acid.  From  ihe  soiation  thus  obtained  the  solanine  is 
to  be  precipitated  by  an  alkali,  washed  with  water,  dissolved  in  alcohol,  decolorized 
by  aninial  charcoal,  and  then  obtained  by  evaporation.  It  ibrms  a  white  btillianl 
powder,  of  a  slightty  bitter,  nauseous  taste;  it  floes  not  brown  turmeric,  but  reaiorea 
the  blue  colour  of  reddened  litmus;  it  melts  a  little  above  ^12°;  it  is  almost  insolu- 
ble m  water,  sparingly  soluble  in  ether,  but  copiously  in  alconol.  With  acids  it 
forms  neutral  sails,  which  do  not  crystallize,  and  are  sirong  narcotic  poisons. 

The  injurious  properties  of  unripe  potatoes  result  from  ttte  presence  ol'  (his  body. 
Id  eiisK  abundantly  m  the  early  shoots  (under  ground)  and  buds  of  the  tubers. 

Chderythrine. — (Formula  not  established.) 
This  substance  is  extracted  from  the  roots  of  the  chelidonium  majus  by  digesUou 
wilh  dilute  sulphuric  acid.  The  liquor  so  obtained  Is  to  be  evaporated  and  mfied 
with  ammonia.  The  brown  precipilate  which  falls  is  to  be  washed,  pressed  between 
folds  of  paper,  and  digested  in  alcohol  with  some  sulphuric  aeid.  The  alcoholic 
solutioD  being  mixed  with  water  and  the  spiiit  distilled  off,  the  residual  liqtior  is  , 
precipitated  by  ammonia,  and  the  precipilate  being  washed  and  dried  by  pressure,  is 
to  be  digested  in  ether,  and  the  ethereal  solution  evaporated  lo  dryness.  The  mass 
so  obtained  is  then,  digested  in  dilute  muriatic  acid,  which  leaves  a  resinous  sub- 
stance undissolved.  The  deep  red  liquor  evaporated  to  dryness  and  washed  with 
ether,  leaves  a  mixture  of  muriate  of  clielerythrine  and  muriate  of  cheledoiine,  the 
former  of  which  is  dissolved  by  washmg  with  a  small  quantity  of  water,  while  the 
latter  remains  undissolved. 

From  the  solution  of  the  muriate,  the  cheleiyihrine  is  precipitated  by  ammonia 
as  a  white  curdy  powder.  From  its  ethereaJ  solution  it  remams  as  a  resinous  mass, 
which  remains  soft  for  a  long  time;  it  is  insoluble  in.  water;  its  solutions  in  alcohol 
and  ether  are  pale  yellow.  With  acids  it  forms  salts  of  a  rich  crimson  colour, 
which  geoerally  crystallize.  Tamiic  acid  produces  in  their  solutions  a  prei^ipiiate 
soluble  in  alcohol. 

Chdidomne.—'Nfi,^ .  H.^Os  or  Ch. 
The  preparation  of  this  suhstance  has  been  in  great  part  described  in  the  prece- 
ding articfe.  By  digeaimg  the  sparingly  soluble  muriate  with  ammonia,  then  dis- 
solving in.  sulphuric  acid,  and  preeipitating  with  muriatic  acid,  il  is  freed  from  all 
traces  of  chderythrine,  and  finally  the  pure  chelidonine,  separated  bj  ammonia,  is 
dissolved  in  boaing  alcohol,  Irom  which  it  crysiallizes,  on  cooling,  in  brilliant  col- 
ourless tables,  it  is  insoluble  in  water,  ailuble  In  alcohol  and  ether;  it  tastes  bitter, 
and  reacts  alkaline;  its  salts  are  colourless,  and  those  with  the  mineral  acids  crvs- 
lallixc ;  its  solutions  give  with  tannic  acid  a  precipitate. 

^conitine, — (Formula  not  established.) 

The  fresh-eipressed  juice  of  the  monkhood  (aconitum  napellus)  is  to  be  boiled 

and  liltered,and  the  clear  liquor  miied  wilh  an.  excess  of  carbonate  of  potash.    The 
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0^4    ATKOPINE. BELL  AD  ON  1MB. BAT  URINE. 

.  mixture  is  lo  be  agitated  wilh  ether  as  long  as  anything  is  taken  up,  and  by  evapi>- 
rating  this  solution  the  ao.onitine  remains,    Prom  the  dry  plant  or  from  tiie  seeds, 
the  aconiline  may  be  Obtained  by  processes  similar  to  those  described  for  veratrine 
and.colehiciiie.. 
Aconiline  partly  crystallizes  from  its  ethereal  or  alcoholic  solution  in  white  grains, 

■  bat  Jbrilhe  most  part  forms  a  colourless,  vitreous-looking  massi  it  tastes  sharp  and 
bitter,  and  ii  intensely  paisonons ;  it  reacts  strongly  ailiilliiie,  and  neutralizes  the 
Birongest  acids ;  alkalies  precipitate  its  solution  white ;  chloride  of  gold  and  taaliic 
.acid.aJso  give  white  precipilales,  and  iodine  throws  it  down  orange. 

^3tropme.—N.G„  .  H^jO^  or  At. 

This  alkaloid  eiists  in  3II  parts  of  the  atropa  belladonna,  but  most  atmndantly  in 
tile  roots.  To  prepare  it,  the  iresh  roots  aie  to  be  powdered  and  digested  in  alcohol, 
cf  specific  gravity  0-820.  The  liquor  obtained  is  lo  be  mixed  with  lime,  in  the  pro- 
portion of  one  panto  twenty-four  parts  of  roois,  and  laid'^side  for  twentj-lburhoura 
with  frequent  agitation ;  the  milture  is  to  be  then  filtered,  and  the  deposite  treated 
with  dilute  sidpnuric  aeid ;  the  filtered  solution  is  distilled,  and  the  spirit  being  thus 
lemoved,  the  residual  liquor  is  concentrated  by  evaporation  until  it  equals  one 
twelfth  of  the  roots  employed.  To  this  liquor,  when  coid,  is  to  be  added  a  strong 
solution  of  carbonaie  oT  potash,  ui) til  a  dirty  brown  precipitate  occurs,  which  is  to 
be  removed  by  the  filler,  and  then  more  carbonate  of  potash  added  as  long  as  any 
^precipitate  is  foiTned.  This  iast,  which  is  impure  atropine,  is  (0  be.  washed  with 
wajer,  then  dried,  and  dissolved  in  strong  alcohol,  the  solution  decolorized  by  boil- 
■  g  with  animal  charcoal,. filtered,  and  gradually  evaporated,  whereby  tlie  atropine 
"    ■  !S  in  small  while  silky  prisms. 

aste  of  atropine  Is  sharp,  bitter,  and  metallic.  It  dilates  the  pupil  perma- 
nently and  strongly;  if  impure,  ic  is  brown,  does  not  crystallize,  and  has  a  horrible 
smell,  hut  if  quite  pure  it  has  no-  smell ;  it  requires  2000  parts  of  cold  water  for  so- 
lution, but,  dissolves  in  thirty-four  parts  of  boiling  water,  from  which  some  crystalli- 
zes by  cooling,  bit  the  greater  part  is  decomposed ;  it  dissolves  readily  in  alcohol 
and  ether. 

The  alkaline  properties. of  atropine  are  feeble;  most  of  its  salts  are  decomposed 
by  boiling  with  water  into  ammonia  and  a  snbsmnee  of  an  excessively  disagreeable 
smell ;  Ihi^  decomposition,  is  instantly  effected  by  the  caustic  fixed  alkalies.  Most 
of  Ihe  salts  of  atropine  crystallize;  tannic  acid  precipitates  their  solutions  white  j 


forms  being  washed  and  dried,  is  to  be  mixed  with  carbonate  of  potash  fud  gently 
heated.  Belladoniiie  sublimes  and  condenses  in  colouriess  rectangular  prisms,  with 
a  petieirating  odour  like  ammonia;  it  dissolves  in  water;  the  solution  reacts  alka- 
line ;  it  is  not  very  poisonous ;  its  salts  resemble  closely  the  corresponding  salts  of 


-The 


It  appears  to  me  likely  that  this  substance  is  a  product  of  the 

'  Ihe  atropine  hy  the  caustic  potash,  and  does  not  exist  in  the  plant. 

,  JJaimvne.-T-This  substance  is  obtained  from  the  seeils  of  the  thorn  apple  (datlita 

■  stramonium),  by  the  same  process  ashasbeendeseribedfor  the  preparation  of  aconi- 
line. Prom  itssoliition  in  spirit,  it  crystallizes  in  very  brilliant  colourless  grotips 
of  needles.  When  perfectly  pure  it  is  inodorous,  bat  when  impure  it  smells  dis- 
gustingly narcotic;  lis  taste  is  bitter,  and  like  that  of  tobacco;  it  dissolves  in  seven- 
ty-lwo  parts  of  boiling,  and  in  250  of  cold  water,  in  twenty-one  of  ether,  and  in  three 
of  alcohol  i  it  melts  below  S13°,  and  volatilizes  unchanged  at  a  stronger  heat  in  white 
clouds. 
.    A  solution  of  datuiine  reacts  strongly  alkaline,  and  forms  cry s  tall  izable  neotral 

:  salts,  which,  like  pure  dalurine,  are  very  poisonous.    Towards  reagenls  it  acts  Hilt 
atropine. 
.  .Hipsujamine. — This  alkaloid,  which  is  the  active  principle  of  the  henbane  (hyos- 

.-.cyamus  niger  and  albus),  is  best  prepared  from  the  seeds,  in  the  same  way  as  atro- 
pine, except  that  to  the  spiiit  in  which  the  se^ds  are  digested  some  sulpliuric  acid 
should  be  added.  It  crystallizes  in  Kfdiated  groups  of  silky  needles,  hut  is  more 
usually  obtained  as  a  transparent  vitreous  mass.  In  its  properties  it  resembles  so 
perfectly  atropine  and  datarine,  that  they  need  not  be  specially  detailed.  It  nentral- 
.fees  acids  perfectly;  its  sails  are  intensely  poisonous;  they. a'-  ■* ' 

,  easily,  even  by  boiling  with  water. 
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Coneme.— N.C,,  .  0„H.  or  Cn.  Eq.  1359  pr  108-7. 
Tbis  remarkable  substance  Is  the  aclive  principle  of  the  hemlock  (conium  macu- 
Utnm),  in  all  parts  of  which  il  exists,  but  is  moie  easily  extracted  U'om'tlie  st^tts. 
These  are  to  be  bruised,  mixed  with  one  fourth  of  a  stiong  solution  of  causiiii  pot- 
ash and  eight  pans  of  water,  and  distilled  as  long  as  the  water  which  conifis  over 
li3S  an^  smell.  This  is  to  bo  neiitnilized  b^  dilate  sulphuric  acid,  and  evaj>orated 
to  the' consistence  of  a  sirup.  The  residue  is  treated  two  or  three  times  with  a  mix- 
ture of  one  part  of  ether  and  two  of  alcohol,  sp.  gr.  0830,  wherein  the  sulphate  of 
confine  dissolves.  Froia  this  soiution  Ihe  etiier  and  spirit  are  distilled  off,  then  some 
^water  added,  aid  tJie  liquor  evaporated  to  dryness.  The  residue  is  to  be  mixed 
witti  hall'  its  weight  of  strong  solution  of  potash,  and  rapidly  distilled  lo  dryness. 
The  receiver  should  be  careiully  cooled.  The  oily  conetoe  should  be  separnied 
from  tbe  watery  .liquor,  ajid  this  last  distilled  again  with  some  lime.  If  the  conelne 
!cbiitsin,Mnm"onia,itinay  begot  rid  of  by  exposure  for  a  tew  houre  in  vacno,  besidg 
a  capsule  ofiiii  of  vjirioL 

■pureooneineisa  colourless  transparent  liquid,  of  sp.gr.  089;  its  odour  is  highly 
penetrating  and  Jiauseating.paiily  like  that  of  the  plant;  its  taste  is  disgustingly 
sharp}  il  is  extreuiely  poisonous.  100  parts  of  cold  water  dissolve  one  oicoae'me, 
and  the  solijtion  becomes  turbid  when  heated.  Qonetoe  itself  dissolves  one  fourth  ol 
water,  and  this  liquor  becomes  roilky  even  by  the  beat  of  the  hand ;  it  mixes  with 
alcohol,  ether,  and  oils.in  all  proportions;  Sa  close  vessels  it  distils  unaltered  at 
S7()%  hut  at  a  much  tower  temperature  if  water  be  present.  When  completdy  an- 
hydrous, coneDie  ha^  no  alkafine  pmpenies,  but  acts  very  powerfully  if  water  is 
present ;  lE  saturates  acfds  completely,  and  lias  the  smallest  atomic  weight  of  any 


by  niuch;water ;  diey  dissolve  readily  in  water,  alcohol,  or  a  mixture  Of  alcohol  ai__ 
etlier,'  .(jBt  ij>  jure  ellfer  they  are  insolublej  Their  watery  solijtioh  is  precipitated 
by  iodioe,  saffron-yellow;  and  by  tannic  acid,  white.  Cpoelne  itself  is  coloured  by 
iiit)ic-acl(lblOod-Tedi  by  exposure  to  the  air,  especially  if  warm,  coneioe  is  decom- 
posed; is  becomes  brown,  ammonia  Is  evolved,  and  a  bitter,  inodorous,  resinous 
substance  is  produced,  which  has  no  poisonous  properties, 

JVicolisie. — (Formula  not  established.) 
,  ,  This  si^bstance  is  the  characteristic  ingredient  of  tobacco  (nicoliana  labacuui, 
and  iBahy  other  species).  For  its  preparation,  precisely  the  same  process  is  to  be 
followed  as  has  beeii  described  for  conelne,  to  which  il  has  a  very  great  similarity. 
When  pure,  nicotine  is  a  colourless  oily  liquid,  of  a  pungent  tobacco  smell,  and  a 
phaip,  burning  taste ;  it  differs  from  all  other  organic  bases  in  mixing  with  water  in 
all  proportions ;  it  mixes  also  with  alcohol  and  ether.  "When  anhydrous,  it  gives 
off  white  fumes  at  313°,  and  distils  31480";  but  the  greater  part  of  it  Is  decomposed. 
If  :walet  be  present,  it  Jiistils  easily  at  a  much  lower  temperature. 

JJicotine  possesses  a  strong  alkaline  reaction,  and  neutralizes  acids  perfectly.    Its 
salts  are  generally  very  soluble,  some  eryslallizahle,  inodorous,  but  with  a  strong 
tobhdeO  taste.    With  alkalies  thgy  evolve  the  characteristic  odour  of  the  plant 
■■  Mehispei^ine. — W.Ois.  HijOs. .  This  substance  is  found  in  the  capsules  of  the  cpc- 
culns  lodicus,  associated  witli;picn>toxine  (page  609).   The  alcoholic  extract  is''  ' 


bqile4j^ithaoMnlate4Fat^''j?5(t^'is°t'i?P'<'™to'^me,bascrystallijed  from  thelil- 
teied  liquor,  ^  ezc^..of  alkali  .^  to  be' added.  The  precipitate  is  to  be  dissolved 
in|alcqhol,  decolorized.by .animal  charcoal,  and  evaporated  to  drvness.  The  residue 
is  t^lie  digested  With  ether,  which  d^solves  Mmispenitiiw,  and  leaves  another  body, 
Parkmem^ermM,  undissolved. 

,. -f-rciiii,  iJie  ethereal  solution,  menispennine. crystallizes  in  white  square  prisms,  It 
is  tasteless,  and  not  poisonous ;  it  forms  nentjal  crystallizable  salts.  The  parame- 
nisperMine  dissolves  in  acids,  but  does  hot  neutralize  them. 

1  Gssampdine  exists  in  tlie  rbois  of  the  cissampelos  pareira  (pareira  brava),  and  is 
prepared  byithe  same  kind  ofprocess  that  has  been  frequently  described.  From  the 
evaporation  of  its  etheieaJ  sofittion,  ic  reraainsas  a  yellowish,  transparent,  vitreous 
mass,  which  combines ,widi  water,  forming  a  white  powder  like  magnesia.  It  is  very' 
easily  decomposed;  it  is  a  powerful  organic  base;  its  salts  Ibrm  gnmmy  masses, 
biit  scarcely,  crystallize. 

i,!SiawKK  .exist?  in  the  glaucium  luieum  (homed  popp;^).  Its  preparation  is  sim-' 
^r  tij  that  of  acQiiiltae;.  it  eryslailizes  in  pearly  scales;,  it  possesses  the  same  range 
(J ■  properties  as. the  other  vegetable  bases,  and  fomls  crystallizable  sails.  The 
horned  poppy  contains  another  crystalline  principle  (Gtowoi^JtcrisM),  which  appears 
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636     CONSTITUTION    OP     VEGETABLE     ALKALOIDS. 

A  great  number  of  plants  are  slated  to  contain.  oi?;anic  TiaEes,  which,  however, 
have  tieen  as  yet  so  imperfectly  eiamineii  and  described  as  lo  rentier  iheir  ititto- 
ductioQ  here  useless.  Of  such  subsianeesj  the  most  important  are:  in  the  croton 
ligtium,  Vralenau,  which  is  crystalline,  but  is  not  the  active  principle ;  in  the  S3lhiisa 
cynapiuin,  Cynapiw,  cxjmaiiint;  and  in  the  digitalis  purporea,  Zhiitaiijte,  which  ap- 
pears most  to  resemble  coneine. 

Of  the  Constitution  of  the  Vegetable  Mkalovh. 

From  the  period  of  the  first  discovery  of  this  class  of  bodies, 
chemists  have  endeavoured  to  ascertain  on  what  depended  the  ba- 
sic properties  by  which  they  are  so  remarkably  characterized.  The 
discovery,  by  Liebig,  that  each  equivalent  of  an  organic  base  con- 
tained an  equivalent  of  nitrogen,  suggested  the  very  plausible  idea 
that  they  contained  ammonia  ready  formed,  and  that  in  their  salts 
the  acid  was  neutralized  by  the  ammonia,  and  the  organic  substance 
remained  combined  with  the  salt,  as  it  had  been  with  the  ammonia 
before.  This  idea,  however,  cannot  be  sustained,  as  we  cannot  ob- 
tain ammonia  from  any  vegetable  alkaloid,  unless  by  processes 
which  totally  destroy  its  constitution,  and  which,  indeed,  eliminate 
ammonia  from  any  organic  substance  containing  nitrogen.  More- 
over, it  is  now  known  that  Liebig's  rule  is  not  universally  true  ;  the 
equivalents  of  strychnine  and  of  brucine  contain  each  two  atoms  of 
nitrogen,  and  we  know  of  other  orgaoio  bases,  as  melanine,  amiline, 
jetvine,  and  urea,  in  which  the  quantity  of  nitrogen  in  the  equiva- 
lent goes  much  beyond  one  atom.  We  may  hence  conclude  that 
there  is  no  reason  to  suppose  that  the  vegetable  alkalies  contain 
ammonia,  or  owe  their  basic  properties  to  its  presence. 

Some  remarkably  simple  relations  of  composition  occur  among 
certain  bodies  of  this  class,  which  would  at  first  appear  to  throw 
light  upon  their  constitution.  Thus  morphine  and  codeine  differ 
in  composition  only  by  morphia  containing  an  atom  of  oxygen 
more  ;  and  if  we  supposed  (N.C„  .  U^^O,)  to  be  a  compound  radical 
E.,  then  codeine  should  be  protoxide,  E.-|-0.,  and  morphia  deutox- 
ide,  E.+20.  In  like  manner,  if  we  take  the  cinchona  alkalies,  we 
find,  them  to  differ  only  in  the  quantity  of  oxygen  they  contain,  and 
making  (N-CsoHu)  a  compound  radical,  cinchonine  should  be  E.+ 
0.,  quinine  E.+20.,  and  aricine,  E.+30.  These  remarkable  facts 
might  lend  considerable  support  to  the  idea  that  these  alkaloids  are 
oxygen  bases,  oxides  of  compound  radicals ;  but  a  closer  examina- 
tion of  their  relations  does  away  with  all  probability  of  its  truth. 
Thus,  if  morphia  were  E.-i-20.,  then  by  muriatic  acid  we  should 
have  a  bichloride  formed,  E.-I-2C1.,  and  water  separated ;  in  place 
of  which,  the  morphia  combines  directly  with  one  atom  of  muriatic 
acid,  and  so  in  all  other  cases  ;  we  cannot  find  in  the  compounds  of 
these  vegetable  alkalies  any  of  the  laws  which  govern  the  formation 
of  salts  by  metallic  oxides.  In  addition,  the  salts  formed  by  these 
alkaloids  with  the  oxygen  acids  contain  an  atom  of  water,  which 
cannot  be  expelled  without  decomposition.  In  this  they  resemble 
ammonia,  and  I  think  that  it  is  the  only  analogy  which  we  can  estab- 
lish by  the  facts  at  present  known  ;  but  whether,  in  these  vegetable 
alkalies,  the  nitrogen  makes  part  of  a  compound  radical  analogouB 
to  atnidogene,  remains  lo  be  decided  by  future  investigations 
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CHAPTER  XXVIII. 


OF   THE 

pr.ODt'CTS  OF   THE   DKCOMPOSinON   OF   WOOD   AND   THE   ALLIE» 

BODIES. 

SECTION  I. 

OF  THE 

SLOW    DECOMPOSITION    OF    WOOD.       CONSTITUTION    OF    UUtlNB 

OP   TURF   AND   COAL. 

THEgl 

irigin  to 

■adiia!  decomposition  of  the  woody  tissues  of  plants  gives 
a  class  of  bodies  which  had  been  long  confounded  under 

of  Vlmme,  but 

several  distinct  substances,  differing  in  their  origin,  and  still  more 
essentially  in  their  properties.  Frojn  the  influence  which  they  ex- 
ercise in  agricultural  operations,  by  forming  an  element  of  the  soil, 
and  their  importance  as  fuel,  by  constituting  the  great  mass  of  turf, 
they  deserve  a  somewhat  detailed  notice.  I  have  already  stated, 
that  by  the  action  of  acids  upon  sugar  (p.  532),  lignine,  starch,  and 
similar  bodies  (pa^e  528),  brown  substances  are  produced,  the  com- 
position of  which  was  not  definitely  established.  Mulder  has,  how- 
ever, recently  reinvestigated  the  history  of  this  class  of  bodies,  and, 
from  his  known  accuracy,  his  results  may  be  looked  upon  as  satis- 
factory. 

When  sugar  is  acted  upon  by  a  very  dilute  acid,  and  the  liquor 
not  allowed  to  boil,  two  brown  substances  are  formed,  of  which  one 
is  soluble  in  solution  of  carbonate  of  soda,  but  the  other  not.  For 
these  bodies  the  names  Sacchulmine  and  Sacc/iulmic  Jlnd  maybe  re- 
tained. From  the  alkaline  solution  the  latter  may  he  precipitated 
by  any  stronger  acid.  These  bodies  are  insoluble  in  water  and  in 
alcohol.  The  formula  of  the  Sacchulmine  is  C4oH,tOui  that  of  the 
Sacckulmic  Moid  is  C4oHnOij.  They  difler,  therefore,  in  the  former 
containing  the  elements  of  water,  which,  however,  cannot  be  expell- 
ed without  total  decomposition. 

If  the  sacchulmic  acid  he  dissolved  in  water  of  ammonia  and  pre- 
cipitated by  an  acid,  it  retains  a  quantity  of  the  alkali ;  and  if  the 
nmmoniacal  solution  be  decomposed  by  a  metallic  salt,  the  precipi- 
tate which  forms  is  a  double  compound  of  sacchulmic  acid,  ammo- 
nia and  the  metallic  o.'^ide.  It  was  the  unsuspected  existence  of 
ammonia  in  these  cases  which  produced  the  discordance  of  former 

If  the  sugar  be  acted  on  by  a  stronger  acid,  and  the  solution  tept 
boiling  for  a  considerable  time,  the  ulmine  bodies  disappear,  and  are 
replaced  by  two  dark  brown  or  black  substances,  possessing  very 
analogous  properties,  the  Sacckwo-humim  and  Saccharo'humic  Acid 
This  change  takes  place  more  readily  if  the  air  have  free  access. 
Both  are  insoluble  in  water  and  alcohol ;  they  are  separated  by  al- 
kaline liquors,  which  dissolve  the  acid  body.  From  this  solution  it 
is  thrown  down  by  any  stronger  acid.     The  composition  of  saccha- 
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ro-humine  is  expressed  by  the  formula  CjJIiiOisi  that  of  the  sae- 
charo-humic  acid  by  CioHLsOu.  Like  the  former  bodies,  these  differ, 
therefore,  in  the  elements  of  water. 

Mulder  found  that  access  of  air  was  not  necessary  for  the  forma- 
tion of  sacchulmine  or  its  acid,  but  that  without  air  no  succharo- 
humine  nor  its  acid  could  be  produced.  In  this  action,  even  with- 
out access  of  air,  formic  acid  appears,  although  but  in  small  quantity; 
at  the  same  time,  glncic  acid  (p.  534),  and  another  body  first  de- 
scrilied  by  Mulder,  j^poglucic  ^cid,  are  generated. 

When  wood  remains  long  in  contact  with  air  and  moisture,  it  is 
gradually  converted  into  a  mixture  of  two  brown  substances,  which, 
from  their  having  been  originally  found  as  a  product  of  the  decom- 
position of  elm,  are  specially  termed  Ulmine  and  JJlmic  ^cid.  The 
latter  is  insoluble  in  alcohol  and  water,  soluble  in  alkaline  solutions ; 
irl  its  natural  state  it  contains  ammonia,  which  can  only  he  expelled 
by  boiling  with  caustic  potash,  by  which  the  greater  part  of  the  ul 
mic  acid  is  itself  decomposed.  Its  formula,  as  derived  from  the 
analysis  of  a  specimen  furnished  by  a  rotten  willow,  was  C4jH,20ij, 
being  isomeric  with  saccharo-humic  acid,  but  distinguished  from  it 
by  many  minor  characters,  especially  that  when  treated  with  acids 
it  retains  twice  as  much  ammonia  as  the  artificial  product.  Mulder 
considers  the  natural  ulmine  to  contain  morehydrogen  ;  its  formula 
should  then  be  C^oHj.Oje,  and  by  the  continued  action  of  the  air  it 
should  change  into  ^Imic  acid.  The  formation  of  these  bodies  from 
the  woody  fibre  results  from  the  absorption  of  oxygen  and  the  evo 
liition  of  carbonic  acid  and  water :  thus  four  atoms  of  lignine,  Cjj 
H..03j,with  fourteen  of  oxygen,  produce  SC.Oiwith  I8H.0.,  and  an 
atom  of  ulmine,  C„H„0,,. 

Another  kind  of  decomposition  to  which  wood  is  subject  is  the 
conversion  of  the  ligneous  fibre  into,  a  while  friable  substance,  which 
is  formed  abundantly  in  the  interior  of  dead  trees;  its  composition 
is  found  to  be  expressed  by  the  formula  C^iH-i  0«.  It  is  evidently 
formed  by  the  lignine  combining  with  oxygen  frOm  the  air  and 
with  the  efenients  of  water,  and  then  giving  off  carbonic  acid  gas, 
C„H„0„  with  30.  and  3H.0.  forming  CasH^,©,,  and  3C.0,. 

The  rotting  of  wood  is,  however,  by  no  means  necessarily  in- 
duced by  the  mere  presence  of  air  and  water  ;  for  lignine  may  be 
exposed  to  these  agents  for  centuries  without  being  altered  in  any 
sensible  degree.  Precisely  as  in  the  alcoholic  and  acetous  ferment- 
ations, it  is  necessary  that  an  azotiaed  substance  should  be  present, 
which,  being  first  decomposed,  and  forming,  probably,  crenic  and 
apocreriic  acids,  communicates  the  action  to  the  lignine  ;  the  albu- 
minous juices  which  exist  in  the  vessels  of  the  wood  act  thus  as  a 
ferment,  and  the  decomposition  of  the  wood  may  he  prevented  by 
precisely  the  same  methods  as  counteract  the  tendency  to  the  fer 
mentation  of  sugar  or  of  alcohol ;  any  deoxidizing  substance,  as 
sulphurous  acid;  any  met.  lljc  salt,  as  corrosive  sublimate  or  blue- 
stone,  Avhich  may  combine  with  the  albumen  and  render  it  insolu- 
ble, will  thus  protect  wood  from  decomposition,  and  are  at  present 
extensively  used  as  preservatives  against  what  is  te.'-hnically  leiined 
the  <^y  rot. 

h  is  by  a  similar  decomposition  that  the  roots  and  other  ri 
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of  jilants  are  converted  into  a  substance  wliich,  liy  virtue  of  its  di 
rect  absorption,  or  by  means  of  the  products  of  its  farther  tliangs, 
contributes  powerfully  to  the  nutrition  of  the .  siicoeeding  race  of 
plants,  and  thereby  constitutes  the  essential  element  of  every  fettile 
soil;  but  though, like  ulniine,  derived  from  the  rotting  of  vegetable 
matters,  and  for  the  most  part  of  the  same  composition,  the  organic 
substance  of  the  soil  Is  by  no  means  ideutical  with  it.  It  wuuld 
even  appear,  from  Mulder's  results,  that  the  vegotable  constituent 
of  the  soil  varies  in  composition  according  to  the  nature  of  ilie 
crop.  For  distinction,  I  shall  apply  to  the  ulmic  acid  of  the  soil  the 
name  of  Geic  jlcid,  proposed  fay  Berzelius,  To  extract  it,  the  soil 
is  washed  with  iioiling  water  until  this  passes  away  quite  clear,  and 
then  boiled  with  carbonate  of  soda;  the  brown  filtered  liquor  is 
precipitated  by  muriatic  acid,  and  the  precipitate  boiled  with  alco- 
hol to  dissolve  out  two  organic  acids,  which  will  be  shortly  descri- 
bed. In  this  state  the  substance  is  really  an  ammoniacal  salt,  its 
formula  being  C„H,,0„+N.H,  +  4H.O.,  and  even  by  caustic  potash 
it  cannot  bo  completely  deprired  of  ammonia.  Iq  the  geic  acid  of 
a  meadow,  the  same  organic  element  was  found  to  be  united  with 
twice  as  much  atnnioiiia ;  and  in  one  case,  where  the  sub^tatice  had 
been  obtained  from  the  soil  of  an  orchard,  the  geIc  acid  had  the 
formula  C^,jO,^.  The  geic  acid,  C^ail,fiu,  though  isomeric  with 
the  saccitnro-bumic  and  tilmic  acids,  is  proved  not  to  be  ideutical 
by  numero_us  minor  characters,  which  need  not  be  described  here. 

In  that  decomposition  of  vegetable  matter  which  gives  origin  to 
turf,  water  is  present  in  much  greater  quantity  than  in  any  of  the 
former  cases,  in  many  instances  the  plants  being  totally  immersed, 
and  so  matted  together,  from  their  mode  oi'  growth,  that  the  access 
of  air  must  be  ver^  much  prevented.  Hence  we  no  longer  lind  in 
turf  the  comparatively  simple  decomposition  of  the  wood  into  an 
ulmine  and  an  ulmic  acid,  but,  in  addition  to  these  bodies,  the  turf 
allies  itself  to  the  varieties  of  coal,  in  containing  several  kinds  of 
fossil,  jesinous,  and  waxy  substances,  which  are  produced  by  sec- 
oiidary  and  more  complicated  reactions.  Here  it  is  necessary,  how- 
ever, to  describe  only  such  constituents  of  the  turf  as  are  analogous 
to  those  already  noticed,  and  for  distinction  1  shall  term  them  Nu- 
mojis  ani  Humic  Jcids.  The  former  is  found  principally  in  the 
light,  pnle  brown  turf,  which  is  not  imbedded  in  water  ;  the  laiter, 
on  the  contrary,  in  the  heavy  black  turf,  to  which  water  has  had 
free  access.  They  are  prepared  precisely  as  noticed  for  the  geic 
acid,  ihe  turf  containing  in  abundance  the  same  organic  acids,  sol- 
uble in  alcohol,  as  does  vegetable  soil. 

The  Humous  ^cid  resembles  perfectly  in  its  properties  the  sac 
chulralo  acid,  with  which  it  is  isomeric,  its  formula  being  CjnH„0 ,, 
but  it  has  no  tendency  to  retain  ammonia  when  precipitated  by  an 
acid  from  its  combination  with  that  alkali.  The  Humic  Jlcid.  on 
the  contrary,  combines  with  ammonia  so  intimately  that  they  can- 
not be  separated  by  any  reagent ;  and  it  even  absorbs  ammonii  in 
the  laboratory,  from  the  small  quantity  of  the  gas  which'  nmy  be  set 
free  in  other  operations.  As  extracted  from  the  black  turf,  its  for- 
mula is  Cj„H,;0,5+.N.H,0.  It  is,  therefore,  when  free  from  ammo- 
nia, isomeric  with  the  saccharo-humine,  but  differs  totally  in  corn- 
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.position  from  the  saccharo-hnmic  acid,  with  which  it  is  so  identified 
in  properties. 

The  azotized  acids  which  have  heen  noticed  as  existing  in  vege- 
table soil  and  in  turf,  are  termed  the  Cre/iic  and  jSpoaenic  JScidsj 
they  derive  their  origia  from  the  rotting  of  those  elements  of  the 
plant  which  contain  nitrogen,  as  albumen,  &c.,  and  are  formed,  also, 
in  the  decomposition  of  anima!  substances  under  peculiar  circum. 
stances;  thus  certain  soft  minerals,  as  polishing  slate  and  rotten- 
stone,  contain  so  much  organic  matter  as  to  be  used  for  food  in 
time  of  distress  in  the  north  of  Europe,  and  Berzelius  found  this  to 
consist  of  crenic  acid,  formed  from  the  bodies  of  the  microscopic 
animals,  whose  silicious  skeletons  constitute  the  mineral  portion  of 
the  rock. 

These  acids  were  first  discovered  in  mineral  springs,  whence 
their  name  {xpT/vi)),  and  are  most  easily  obtained  pure  frotn  the 
ochery  deposites  which  form  on  the  sides  of  the  spring,  and  in 
which  they  are  combined  with  oxide  of  iron  and  silica.  They  are 
separated  by  means  of  their  copper  salts,  the  while  crenate  of  cop- 
per being  soluble,  while  the  brown  apocrenate  of  copper  is  insolu- 
ble in  a  liquor  containing  free  acetic  acid  ;  from  the  copper  salts 
they  may  be  set  free  by  sulphuretted  hydrogen. 

The  Crenic  Jlciii  is  a  pale  yellow  gummy  mass,  of  an  astringent 
taste,  very  soluble  in  alcohol  and  water ;  its  formula  is  N-C^  .  H,5 
0,2 ;  by  exposure  to  the  air  it  changes  into  A-pocrenie  Acid;  this 
is  brown,  of  an  astringent  tasle,  reddens  litmus,  and  is  much  less 
soluble  in  alcohol  and  water  than  the  crenic  acid;  its  formula  is 
NeC».H„0,. 

The  relations  of  these  acids,  and  of  the  several  species  of  iilmine 
to  the  nutrition  of  plants,  will  be  hereafter  considered. 

The  circumstances  under  which  coal  is  formed  have  been  already 
noticed  generally  in  p.  476  and  563,  but  it  remains  to  examine  spe- 
cially the  mode  of  decomposition  to  which  the  wood  is  subjected 
during  that  change.  The  coal  appears  to  require  for  its  production 
that  the  ligneous  fibre  should  be  in  presence  of  water,  with  little 
or  no  access  of  air,  and  that  in  most  cases  the  temperature  shall  be 
elevated.  Thus,  while  ulmine  is  produced  when  the  woody  mate- 
rial is  on  the  surface,  or,  at  least,  only  immersed  in  water,  the  for- 
mation of  any  of  the  varieties  of  coal  requires  the  conjoined  influ- 
ence of  moisture,  of  great  pressure,  arising  from  the  superposition 
of  beds  of  rock  or  soil,  of  a  high  temperature,  given  by  the  prox- 
imity of  volcanic  foci,  or  generated  by  the  decomposition  of  the 
wood  itself,  and,  finally,  that  the  access  of  air  shall  be  much  more 
limited  than  in  the  former  cases.  Then,  according  to  the  age  of 
the  geological  formation,  the  nature  of  the  superincumbent  rock, 
and  the  degree  to  which  the  temperature  is  raised,  the  coaly  mate- 
rial varies  in  composition.  The  more  recent  species  {Lignite  or 
Fossil  Wood),  which  peculiarly  belong  to  the  tertiary  formations, 
are  characterized  by  the  perfect  preservation  of  the  organized 
structure  of,  the  wood,  and  a  more  or  lees  deep  brown,  but  not 
black  colour.  Their  composition  may  generally  be  expressed  by 
formulas  which  indicate  that,  without  any  absorption  of  oxygen  from 
an  csternal  source,  the  wood  has  given  off  carbonic  acid  and  water. 
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In  the  coals  of  thi 

gzeai  diversity  of  constitution  exists,  dependi 

It  would  appear  that,  where  the  conversion  from  lignite 
!  coal  is  perfect,  the  proportion  o(  carbon  and  hydrogen  be- 
miformly  CgiHn,  these  elements  being  united  with  sjnall 
•M  of  oxygen,  generally  amounting  to  from  three  to  five 
The  cannel  coal  of  Wigan,  the  splint  coal  of  Workington, 
and  the  caking  coal  of  Newcastle,  have  been  ascertained,  by  John- 


stone, to  be  s 


Whei 
jected  t 


of  the  elei 
■■  C^Hj^Oj,  pr( 


t.  Here,  also,  the  change  ai'isea  from  the 
Its  of  water  and  carboEiic  acid  frotti  the 
ces  exactly  4C.0i  and    I2H.0.,   with   C^ 


1  wass  of  decomposing  vegetable  matter  has  been  sub- 
very  high  temperature,  as  by  the  direct  contact  of  vol- 
canic roclis,  it  becomes  almost  completely  carbonized,  and  the  va- 
riety of  coal  termed  Anthracite  is  formed.  The  small  quantity  of 
hydrogfip,  and  oxygen  which  anthracite  contains,  can  only  be  refer- 
red to  trices  of  the  proper  coal  that  have  escaped  decomposition, 
and  if  pure,  it  would  be  a  Mineral  Coke,  identical  in  nature  with  the 
coke  artificially  prepared. 

The  formula  here  g-iven  as  expressing  the  constitution  of  the  pro 
ducts  of  the  decomposition  of  wood,  are  to  be  considered  only  as 
illustrative  of  the  kind  of  reaction  which  goes  on  between  its  ele- 
ments;  for  none  of  these  products  are  pure  chemical  substances; 
they  form  no  definite  compounds;  they  have  no  precise  equivalent 
number,  and  hence  it  is  only  for  illustralion  that  a  formula  can  be 
legitimately  employed  lo  express  their  composition. 

The  following  table  contains  the  ordinary  composition  of  the  moSt 
important  varieties  of  coal  and  turf.  The  numbers  given  were  se- 
lected from  those  obtained  in  the  analyses  byEichnrdson  and  Eeg- 
lault. 
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sgen 
erated  by  the  decomposition  of  wood,  a  great  number  of  other  pro- 
ducts make  their  appearance,  which,  although  much  inferior  in  quan^ 
tity,  possess,  at  least  in  some  cases,  considerable  interest.  .  Thus 
the  fire-damp  of  mines  (p.  563)  consists  in  most  part  of  marsh  gas, 
but  contains  in  some  cases,  also,  defiant  gas  and  free  hydrogen. 

Interspersed  tbroueh  the  masses  of  coal  are  found  small  quantities  of  a  gteax  ya- 
riely  of  bodies,  principally  earbohydrogens,  resembling  the  oils  and  stearoj^lens  of 

Eantscloselyin  properties  and  constitution.  Thus  OzBcherit,or  Fossil  Tfar,  is  fimnd 
cavities  in  the  rocks  lying  upon  coal;  it  is  brown,  of  a  foliated  structare ;  it  fuses 
at  143".  Parajtne,  which  is  an  important  constituent  of  the  tar  produced  in  the 
destructive  distillation' of  wood,  is  also  found  associated  with  coal.  It  is  while, 
crystallines  in  brilliant  plates;  it  fuses  at  111^,  and  may  be  distilled  nnallered[  it 
dissolves  readily  in  ether  and  alcohol ;  it  is  not  acted  upon  by  any  reagent,  ivlienc* 
4iM 
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Its  name  (jiariijre  aJSreis).  Both  those  bodies  have  tlie  same  composition  as  olefiani 
gas,  consisting  of  C.H.  Many  waxy  fossil  substances  are  isomeric  with  oil  of  tur- 
pentine, and  one,  which  is  interesting  os  being  the  matrix  iti  which  (lie  native  eia- 
nabar  of  Idcia  is  imljedded  (page  40^),  has  the  formula  CaiHrj  it  is  termed  IJ/ria^ 

Others  of  these  products  are  liquid,  and  frequently  issue  forth  from  the  surface  of 
the  ground,  consliiuling  springs,  trhich,  from  lueir'inHamniabilily,  have  been  invested 
in  uncivilized  countries  with  a  sacred  character.    Such  liquids  are  fenown  as  Bock 


SECTION  II. 


The  results  of  the  action  of  heat 
strictly  analog:ous  to  those  of  an  imp 
ty  of  carbon  is  removed,  as  carbonic 
gen,  as  water.     Tbe  other  products 

a  oxygen.     If  the  substance  upon  which 


rabustion.  A  quanti 
1  a  quantity  of  hydro- 
therefore,  relativeJy 
operate  be  pure,  and 


the  heat  be  carefully  managed,  the  result  is  in  all  < 
simple  and  distinct,  as  where  acetic  acid  giv 
ic  acid  ;  malic  acid  gives  water,  carbonic  aci 
if  the  temperature  change,  another  set  of  r< 
er  products  are  generated,  which  arise,  properly  speaking,  from  the 
decomposition  of  the  first.  Thus  acetic  acid  gives  marsh  gas ;  ma- 
lic acid  gives  fumaric  acid.  Hence,  if  substances  be  taken,  through 
wbich,  either  from  their  mass  or  their  non-conducting  power,  the 
heat  cannot  be  uniformly  diffused,  a  number  of  differeHt  reactions 
takes  place  in  different  portions  at  the  same  time,  according  to  tbeii 
respective  temperatures;  the  bodies  generated  in  the  interior  are 
altered  according  as  they  approach  the  surface,  and  hence  a  very 
high  degree  of  complexity  is  given  to  the  ultimate  results. 

When  the  substances  operated  on  are  not  pure,  but,  as  common  wood,  eoal,  turf, 
Sx.,  flonlain  varions  organic  bodies  of  different  natures  mixed  together,  it  becomes 
quite  impossible  to  express  the  precise  reactions  which  occur,  and  the  number  ot 
bodies  generated  becomes  very  great.  It  is  to  the  classes  of  bodies  thus  produced 
that  I  wish  to  direct  attention  in  the  present  section,  as  in  all  cases  where  (be  mode 
of  origin  of  a  pyrogeoio  product  is  accurately  kaown,  I  have  described  it  in  connex- 
ion with  the  bdaylVom  whence  it  is  usually  derived. 

According  as  the  object  of  the  process  is  the  manufacture  of  vinegar  or  of  tar,  the 
distillation  of  wood  is  very  differently  managed.  For  the  first,  a  cast  iron  eylinder, 
"o,  is  built  into  a  mrnace, 
of  which  c  is  the  gtate,  d 
the  fire-door,  and  «,  e,  e  iha 
flue,  which  winds  spiial- 
ly  round  the  cylinder,  so 
as  to  heat  It  as  unifarmiy 
as  possible.  The  wood,  in 
pieces  which  fit  accuraie- 
lytheinteriorof  thecylio- 
I  der,  is  introduced  by  an 
i  opening  in  the  top,  which 
is  then  closed  by  the  plaie 
b.  The  volatile  and  gas- 
eous products  of  the  dis- 
tillhlion  pass  off  by  the 
lube  g,  which  is  bent  zig- 
zag, and  is  surrounded  at  i,  i  by  larger  tubes,  through  which  a  stream  of  cold  water 
constantly  passes.    This  water  is  supplied  from  a  reservoir,  n,  by  the  tube  I,  and, 
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enaiiiig  below  at  m,  passes  from  one  jacket  lo  anolher  by  the  cross  pipes  n,  o,  and 
escapes  ultimately  above  at  pi  this  cooling  arrangeoieiit  being  a  form  of  Lieb^a 
Goaileasiog  lube  (p.  512),  convoluieJ,  ss  li  were,  in  order  to  occupy  less  room.  Tha 
liquids  which  are  thus  coudetised  collect  in  the  tubs  r,  and  the  gases  wlilch  conie 
over  are  allowed  by  the  cock  ( to  Issue  trom'the  lube  s,  aad,  being  set  on  fire,  plaj 
on  the  bottom  of  the  cylinder,  and  thus  eeouomize  a  certain  quantity  of  fuel. 

Tbe  liquid  products  separate,  on  standing;.  Into  two  layers,  the  upper  formed  of 
oi!y  and  tarry  matters,  t!ie  lower  of  water,  acetic  acid,  pyroiylie  spirit,  &c.  By  tha 
connecting  tube,  this  heavier  liquid  passes  into  the  second  tub,  while  the  tar  remains 
in  the  first.  The  Impure  acetous  liquor  la  ceairaiized  by  carbonate  of  lime;  the 
acetate  of  lime  decomposed  by  sulphate  of  soda  orsulphuret  of  sodium;  the  acetate 
of  soda  crystallizGd  and  fused  in  order  to  expel  the  adhering  tar,  then  dissolved,  re- 
crrstallized,  and  decomposed  by  oil  of  vitriol.  Pure  acetic  acid  is  thus  obtained, 
wulchis  then  diluted  with  water  to  the  various  degrees  of  strength  required  in  com' 
merceCp.557). 

Wheu  the  acetous  liquoc  has  been  neutralized  by  (he  lime,  it  is  concentrated  by 
distillation,  whereby  a  spirituous  liquid  is  obtained,  which  is  termed  Pgraxyiic  Spirw, 
and  has  a  close  analogy  to  alcohol  in  its  characters.  la  this  state  it  is,  however,  a, 
mixture  of  a  variety  of  bodies ;  some  of  these,  as  aldehyd  and  acetone,  have  been 
already  noticed,  and  the  others  will  now  be  described.  Mr.  Seanlan  first  recognised 
the  various  constituents  of  the  inipure  pyroxylic  spirit,  and  their  history  was  accu' 
rately  Investigated  by  Dumas  and  Peligot,  by  Lowig  and  by  myself- 

Tlie  impure  pyroxylic  spirit  having  been  deprived  of  wiUer  by  repeated  rectifica- 
tions over  lime,  as  much  chloride  of  calcium  as  It  can  dissolve  is  to  l«  added  to  it,  and 
the  mixture  allowed  to  .'itand  for  a  few  days.  Being  then  distilled  in  a  water-bath, 
the  body  to  which  the  name  of  pyroxyllc  spirit  is  specially  applied  remains  in  the 
retort,  combined  with  Ibe  chloride  of  calcium,  while  there  distus  over  a  mixture  of 
two  liquids,  XgUl  and  M-iit,  which  are  separated  from  each  other  by  frequent  rectifi^ 
cation,  as  their  boiling  points  differ.  Besides  these  three  bodies,  there  exist  in  the 
rough  liquor  an  oil,  MdhM,  and  a  solid  substance,  discovered  by  Mr,  Scaiitan,  an£ 
termed  ElUaiane. 

This  last  body  remains  behind  when  the  spirit  is  rectified  over  lime,  from  which 
it  is  separated  by  adding  muriatic  acid,  and  being  then  dissolved  in  boiling  alcohol,  It 
ciysiallizes  on  cooling;  it  forms  deep  orange-yellow  needles;  it  fuses  at  350°,  and 
volatilizes  in  a  current  of  air  or  of  vapour,  but  is  decomposed  if  heated  by  iLself ;  it 
is  insoluble  in  water,  but  dissolves  in  alcohol  and  volatile  oils ;  sulphuric  acid  col- 
ours it  indigo  blue;  Its  formula  is  CiiHpOi.   .No  combinations  of  it  are  known; 

The  iJiUuil  contains  no  oiygen,  \\s  formula  being  C4HS.  It  boils  at  360",  and 
possesses  the  general  characters  of  an  essential  oil. 

XijlU  resembles  alcohol  closely  in  its  properties.  Its  odour  is  agreeable  and  ethe- 
real; its  specific  gravity,  0-816;  it  boils  at  IW;  with  acids  it  produces  ethereal 
compounds,  which  have  not  been  closely  examined;  its  formula  appears  to  be 
OUH..OS. 

Msil  can  scarcely  be  considered  as  having  been  as  yet  obtained  pure;  in  its, 
properties  it  closely  resembles  xylit,  but  hasa  higher  boiling  point;  its  formula  has 
been  stated  to  be  CsHflOa.    I  shall  have,  on  another  occasion,  to  notice  me  probable 

The  proper  Pyro-vjUc  Sviril  Is  obtained  pure  from  its  combination  with  chloride 
tif  calcium  by  the  addition  of  water  and  distillation ;  by  rectification  in  a  watet- 
batb  with  dry  lime  it  is  freed  from  water.  When  quite  pure,  it  is  a  colourless 
liquid,  of  a  peculiar  aromatic  smell;  it  bums  with  a  flame  sdll  less  luminous  than 
thatof  spirit  of  wine;  its  specific  gravity  is  0'799 ;  it  boils  at  140=;  its  formula  is 
CaHiOji  the  spedBc  gravity  of  its  vapour  is  M105;  in  its  action  unonotlier)iodies, 
this  substance  ranges  itself  completely  with  wine-alcohol,  and  it  is  hence  frequently 
terpied  MiStglie  AkakoL  from  the  Greek  words  pedv  and  vhi.  In  the  history ,of  its 
combinations,  it  will,  therefore,  be  sufficient  to  fix  attention  on  those  points  which 
are  more  specially  characteristic  of  it,  its  series  being  in  many  respects  nioie  com- 
plete than  that  of  ordinary  alcohol. 

Pyroiylic  spirit  combines  with  bases  and  with  salts  to  form  compounds  similar  lo 
the  alcoales..  It  is  decomposed  bythe  chlorides  of  zinc  and  alcnhof,  bylhefinorides 
of  silicon  and  boron;  merhylic  ether  is  evolved,  the  reactions  being  precisely  as  in 
the  ease  of  ordinary  alcohol. 

When  treated  with  sulphuric  acid,  the  methylic  alcohol  produces  an  ether,  an  or- 
ganic acid,  and  a  heavy  oil,  precisely  similar  10  those  formed  by  spirit  of  wine. 
Bui  the  reaction  is  much  more  distinct;  all  the  products  remain  properly  in'  the  se- 
ries of  the  methylic  aJeohol,  no  gas  equivalent  to  olefinnt  gas  being  evolved. 
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The  Miihyiic  EStsr  is,  at  ordinarj  temperatures  and  pressures,  a  colourless  gas, 
of  aj>' ethereal  6ilour;  it  bums  with  a  blue  flame.  Water  absorbs  thirty-seven  limes 
Its  vuiume  of  it;  its  formula  is  CiHaO,;  ii  hence  is  isomeric  with  wine-aleohol, 
With  die  vapnur  of  wtlcB  it  has  the  same  specific  gravity,  =1601'5,  bm  its  atomic 
weight  is  only  one  half  l^at  of  alcohol ;  it  combines  diTecCly  with  anhydrous  sul- 
phurir;  aciil;  forming  a  heavy  oily  iiqtild,  and  with  the  other  acids  to  form  conrnonnd 
ethers.  'For  the'same  reasons  aa  have  been  fully  discussed  tmder  the  head  otwine- 
alcobol,'  it  isassQmed  to  be  an  oxide  of  a  compound  radical,  MiUiyl,  C^HiorMe., 
and  tbe  formula  of  the  pyroiylic  spirit  is  Iherelore  Me.0.4-Aq. 
;  The  SiUp'tomHItidii:  Add  is  formed  precisely  as  the  siUphovinic  acid,  which  it 
closely  resembles  in  properties,  except  that  it  may  be  obtained  crystallized  in  white 
needles  by  cautious  evaporation  of  its  solution.  Its  formula  is  Me.O-.S.Oj+S.Oj. 
H.O.j  its  salts  aregenerally  mora  permanent,  and  crystallize  more  easily  than  the 
sulpbovinate.'j. 

Sidpkals  tif  Mithjl. — Me.O.-fS.Oa.  This  substance  passes  over  as  a  heavy  oil 
when  one  pan  of  pyroxylic  spirit  is  distilled  with  five  or  sis  parts  of  oil  of  vitriol, 
and  is  formed  also  by  the  direct  union  of  meihylic  ether  atid  dry  sulphuric  acid.  It 
has  a  strong  garlic  odour;  its  specific  gravity  is  1*334;  it  boils  at  STOo.  By  boiling 
water  or  strong'  bases,  it  is  immediately  removed  into  its  constituents.  "With  dry 
ammonia  it  forms  a  white  crystalline  mass,  Sidphimeikyitm,  which  consists  of  Me. 
O..S.Oa+S.0ifld. 

'  Odnruls  at Mdityl,  CjHjCl.  or  Me.Cl.,  is  formed  by  heatuig  a  mixture  of  common 
salt,  pyroiylic  spirit,  and  Oil  of  vitriol.  A  perawnenl  gas  is  evolved,  which  may  be 
Colkcted  over  water,  which  absorbs  but  twice  its  volmne  of  it;  it  bums  with  a 
green  ish-tvhite  flame. 

Ifuiule'iif  Mitsui,  CiHsl.  or  Me. I.,  is  prepared  by  distilling  a  mixture  of  phospho- 
rus, iodine,  and  pvrosyiic  spirit.  On  the  addition  of  water  to  the  distilled  liquor, 
the  iodide  of  methyl  separates  as  a  heavy  oily  liq^uid,  of  sp.  gr.  2*237;  it  boils  at 
about  n2''. 

Fluoriile  It f  Md%l,  C1U.3F.  or  Me.F.,  is  formed  by  heating  a  mixture  of  stiJphale 
of  methyl  aiid  fluoride  of  potassium,  and  collecting  the  gas  evolved  over  water.  Ii 
is  colourless,  andbums  with  a  whitish  flame,  evolving  fumes  of  hydrofluoric  acid. 

M4hi>fi-!a'.-^erciiplim.  Siil^haret  of  Milkyl. — These  bodies  are  prepared  precisely 
as  the  corresponding  substances  in  the  series  of  ordinary  alcohol. 

iVfifiiteo/M8(Sw;,'Me.O..H.Os,  is  prepared  by  distillmg  nitrate  of  potash,  pyrox- 

ylic  spirit,  and  oil  of  vitriol,  mixed  together  in  a  capacious  retort.    The  rr-' - 

are  10  be  carefully  cooled,  and  a  gentle  Ileal  applied  to  the  retort  to  com" 
reaction,  which  then  continues  to  the  end  without  any  farther  external  hcau  mn 
product,  when  pnrifled  by  redistillation  over  some  oxide  of  lead,  is  a  colourless  li- 
quid, neutral, 01  an  ethereal  odour;  it  bnms  with  a  yellow  Same;  itssp.gr.  is  1183; 
it  bolls  at  I51«.  If  a  drop  of  it  be  heated  to  300°,  it  explodes,  and  this  takes  place 
much  more  easily  if  there  be  a  quantity;  hence  its  distillation  must  be  very  cau- 
tiously conducted, 

Carlumel/tylk  Add  is  formed  by  passing  a  stream  of  dry  carbonic  acid  into  a  so- 
lution of  harytes  in  pyroxylie  spirit.  Carbomethylate  of  barytes  forms  in  minnte 
plates,  which  are  insoluble  in  spirit,  but  dissolve  easily  in  water.  This  salt  rapidly 
decomposes  into  carbonate  of  barytes,  free  carbonic  acid,  and  methylic  alcohol. 
With  chlorocailionic  acid  and  sulphuret  of  carbon,  the  pyroiylic  spirit  give.^  com- 
poandsprecisely  similar  to  those  alreadydeseribedin  the  series  of  ordinary  alcohol. 

Oxidate  of  MsUajl,  Me.O. .  CjOj,  is  best  formed  by  distilling  a  mixture  of  equal 

Earts  of  oxalic  acid,  pyroxylie  spirit,  and  oilof  vitrid.  The  product  crystallizes  in 
irae  rhombic  plates ;  it  fuses  at  124°,  and  hoils  at  312° ;  it  dissolves  easily  in  water 
and  alcohol.  With  water  of  ammonia  it  produces  oxamid  and  methylic  alcohol; 
With  dry  ammonia  it  forms  a  crystalline  body,  Me.O. .  CaOa-l-CsOiAd.,  Oxametkylan. 
A/xtiOe  0/  Melh/l — Me.O.  .AC.O3.  Formed  by  distilling  leather  oil  of  vitriol, 
pvroxylic  spirit,  and  acetate  of  soda.  It  forms  a  colourless  liquid,  which  boils  at 
lS6° ;  its  specific  gravity  is  0'919.  The  substance  known  as  Medt  may  be  consid- 
tiied  as  a  compound  of  methylic  alcohol  and  aldehyd,  CjHaO.+CiHjO.,  and  the 
xylit  is  probably  a  mixture  of  that  body  with  the  acetate  of  methyl. 

The  combinations  of  methylic  ether  with  the  other  acids  resemble  so  closely 
those  of  vinic  ether  that  they  need  not  be  specially  described. 

Products  of  the  Oxidation  of  Pyroxylie  Spirit. 
.If  pyroxylie  spirit  be  distilled  with  chromate  of  potash  and  sulphuric  acid,  it 
ts  totally  converted  into  carbonic  acid  and  water.    If  blank  oxide  of  nianganese 
be  used,  and,  after  the  first  violent  effervescence  has  ceased,  a  gentle  heat  be  ap- 
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EUed,  a  liquid  distils  over,  which,  when  compleiely  pure,  has  ihe  formala  C6ll,04 ; 
boil^^at  104"  ;  its  sp.  gr.  ia  0-b&5 ;  it  is  termed  JMjUyM. 

If  pyroiylic  spirit  De  iitought  into  contact  with  oxygen  by  means  of  spongy  plaii- 
aam,  as  desoribeJ  liir  ordinary  alcohol  in  p.  554,  hydrogen  is  removed  unu  OKygea 
absorbed  in  equivalent  proportion,  and  the  methjlic  alconol  is  loially  converted  itito 
hydraied  Mnroie  J/nd,  CiiH40i  and  20.  giving  3H.O.  and  CsHjOi.  In  this  reac- 
tion there  does  not  appear  lo  be  any  intermediate  state  equivalent  to  that  ol  aldebyd, 
whjcli  t>ody  appears  to  be  withoat  a  representative  in  the  pyroxylic  series,  at  least, 
except  in  couibination.  For  practical  purposes,  this  mode  of  preparing  formic  acid 
is  not  had  recotuse  to,  as  it  may  be  derived  more  easily  Irom  the  oxidation  of  most 
organic  bodies. 

The  formic  acid  derives  its  name  from  existing  in  a  very  concentrated  form  in 
the  common  ant  (ibnnica  riita),  atid  produces  the  pain  of  tiieir  sting  on  being  in- 
jected into  the  puncture  which  the  animal  mates ;  it  was  Ibrraerly  prepared  by  dis- 
tilling the  ants  with  a  little  water;  but  Ihe  process  of  Dobereiner  is  now  generally 
followed.  It  consists  in  mixing  onet  part,  ol  starch,  or  sugar,  or  tarti>ric  acid,  with 
tour  of  black  oxide  of  manganese,  four  of  water,  and  four  of  oil  of  vitriol.  Con- 
siderable effervescence  occurs,  owing  to'  Uie  escape  of  caxbonic  acid.  When  iMs  is 
over,  tlie  mixture  is  to  be  distilled  until  four  and  a  half  parts  have  passed  over; 
Ihis  acid  liquor  is  to  be  neutralized  by  carbonate  of  soda,  and  the  foriniate  of  soda 
crystallized  by  evaporation  and  cooling.  Prom  ihis  salt  the  formic  acid  may  be  ob- 
tained in  any  reqnired  degree  of  concentration,  by  distillation  with  oil  of  vitriol,  in 
precisely  the  manner  described  for  acetic  acid  (p.  556). 

If  sugar,  or  starch,  or  barley  be  simply,  heatea  with  dilute  sulphnric  acid  until  it 
becomes  brown,  a  certain  ijuaniiey  of  armic  acid  is  produced,  along  with  olmine  Eyid 
ulmic  acid.  The  generation  of  this  acid,  as  a  product  of  the  decomposition  of  pnis- 
sic  acid,  of  chloral,  and  of  bydrated  oxalic  acid,  has  been  already  noticed. 

Pare  hydtated  formic  acid  is  a  limpid  colourless  liquid,  which  fumes  slightly  in 
the  air;  its  odour  is  intensely  pungent;  wbeu  cooled,  below  32°,  it  crystallizes  in 
bril^ani  plates;  jt  boils  at  SIS";  its  specific  gravity  is  1-235.  In  this  most  concen- 
irateij  form  it  is  ^  absolate  caustic  if  applied  to  the  skin,  producing  a  sore  very 
difficult  to  heal ;  Its  formula  is  GiH.Oa+H.O.,  and,  like  aceuc  acid,  it  is  supposed 
to  contain  a  radical.  iT»riw/i,  CaH.  or  Fo.,  and  its  rational  formula  to  be  Fo.Os-j-H, 
O.  Combining  wiin  water,  it  forms  at  least  one  other  definite  hydrate,  the. formula 
of  which  is  Fo.Oj)+3H.O. 
The  resemblance  of  formic  acid  to  acetic  acid  is  very  close,  but  they  are  at  once 


distinguished  by  their  behaviour  to  certain  reaaents.    When  heated  with 

of  oil  of  vitriol,  it  is  decomposed,  with  lively  effervescence,  into  water  and. 

oxide  (C2H.0j=Cs0i  ai\d  H.O.).    If  a  solution  of  formiaie  be  mixed  witli  a  eohl 


lution  of  nitrate  of  silver,  a  white  crystalline  precipitate  of  formiaie  of  silver  falls, 
which,  when  heated,  is  totally  decomposed  into  metallic  silver,  water,  and  carbonic 
acid,  CaH-Oo+Ag.O.  giving  3O.O2  with  H.O.  ajid  Ag.  If  formic  acid  be  digested 
on  led  oxide  of  mercQiy,  carijonic  acid  is  given  off,  and  a  sparingly  soluble  crystal- 
line formiate.of  the  black  oxide  of  mercury  is  pjoduced;  tMs,  when  boiled,  is  total- 
ly decijmposed,  metallic  mercury  separating,  and  carbonic  acid  and  water  being 
evolved. 

The  alltaline  formiates  are  soluble  and  crystallizable ;  that  of  ammonia  crystal- 
lizes in  right  rhombic  prisms,  which  melt  at  350°,  and  sublime  without  alteration. 
If  its  vapour  be  passed  through  a  red-hot  porcelain  tube,  it  is  lotally  converted  into 
prussic  acid  and  water,  C2H.Os-l-N,H40.  giving  C2N.H.  and  4H.O.   [ 

Formiaie  of  Soda  crystallizes  in  rhombic  pfisras,  which  have  the  formula  Na.O. . 
Fo.Oj+SAq:  When  heated,  it  undergoes  aqueous  fusion,  and  by  a  higher  tempera- 
ture is  decomposed.  .A  solution  of  this  salt,  when  boOed  with  the.  salts  of  silver, 
mercery,  gold,  palladium,  or  platinitm,  precipitates  the  metal,  and  is  hence  useful.in 
analysis. 

.FVrmiafe  of  BarjriM.-^Ba.O. .  Po.Oa.    It  is  obtained  in  laf^  ..j-vtv 

rhombic- prisms,  aSin  the  figure,'whei-eM.,y  are  primary,  andta  /)  \i^\ 
secondary  plane,  which  have  a  bitter  taste,  and  are  not  altered  fiT-*'  I  \  -^^> 
by  the  aih  It  is  very  soluble  in  water,  but  insoluble  in  alcohol.  ^^~Kj\-^^ 
'  i5T7r!tti(ite  o/^isnw  is  easily  produced  by  neutralizing  lime  with  ^'  j  p  \  u  I 
dilute  formic  acid;  it  is  equally  soluble  in  cold  and  in  hot  water,  l,-''^\p~-L 
so  that  it  is  only  obtained  crystallized  by  slow  evaporation;  it  kT  .  \t  ["'y 
dissolves  m  teU  parts  of  cold  water;  it  is  insoluble  in  alcohol,         ^^^-J  \  \x 

Formate  of  Lead. — Pb.O, .  F0.O3.    If  formic  acid  be  added  to  a  ^-Uijx 

Solution  of  acetate  of  lead,  this  salt  separates  after  a  short  time  in  stellated  groups 
of  brilliant  needles,  which  are  anhydrous,  and  require  forty  pares  of  water  fcr  spin- 
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lion;  it  is  totally  insoluble  in  alcohol.  By  the  formalioi 
acid  is  readily  distinguished,  from  the  acetic  acid,  and  tin 
may  be  thus  separated. 

FonaiaU  of  Copper  crystallizes  in  large  rhomboidai  prisms,  as  in 
the  figure,  whew  i,  m,  u  are  primary,  and  m  a  secondary  plane, 
whioli  are  very  regular,  ttaaspareni,  and  of  a  fine,  clear  blue  colour. 
It  effloresces  in  dry  air. 

The  Formiales  of  Mircwry. — Thai  of  the  red  oxide  is  very  soluble; 
it  can  only  exist  at  ordinaty  temperatUfes;  by  a  very  genile  heat  ii 
changes  iulo  Che  fonuiate  of  tbe  black  oxide,  and  thrs,  when  boiled, 
'     s  metallic  mercury,  as  already  described  among  the  tests  for 

lie  acid.    The  formiale  of  the  black  oiide  may  aiso.be  prepared 

by  mixing  solutions  of  foimifite  of  soda  and  of  siibnitrale  of  mercury ;  it  separates 
ia  small  pearly  plates  of  four  and  sii  sides,  \ehieh  may  be  dried  between  lolds  of 
bbtting  paper,  and  have  a  fine  silky  lustre. 

(Mondes  and  lodiiks  of  Fta^iyl. — When,  under  the  influence  of  powerftil  reagents, 
the  constitution  of  the  compounds  of  acetjlorela);lis  broken  up,  a  series  of  bodies 
is  generally  produced,  wbich  are  supposed  lo  contain  as  their  radical  I'ormyl.  Thus, 
by  (he  action  of  chlorine  on  the  chloride  of  elajl,  a  heavy  oily  liquid  is  lormed,  Oi 
H.Cli  or  Fo.CJi,  Bi/Meride  of  Formyl ;  and  by  acting  on  chloral  by  caastic  potash, 
formic  acid  ia  prtjduced,  and  a  heavy  oily  liquid,  which  is  termed  CldoTofoi'm,  and 
consists  of  CaH.Cla  or  Fo.Cla,  being  PercAtoriueo/JTwTMj/J.  This,  which  is  tbe  most 
intere-'ting  of  these  bodies,  ia  easily  prepared  by  disulling  alcohol,  acetone,  or  py- 
roxylic  spirit  with  chloride  of  lime ;  it  is  colourless,  of  an  agi'eeable  ethereal  odour; 
its  speciflc  gravity  is  l'480i  it  boila  at  141° ;  the  specific  gravity  of  its  vapour  is 
i'llo;  with  an  escess  of  chlorine  it  gives  bichloride  of  carbon. 

Penodide  of  Fbrmyl.  Iodoform,  F0.I3,  is  produced  by  adding  caustic  potash  to  a 
solution  of  iodine  in  alcohol  until  it  is  completely  decolorized,  but  avoiding  an  ex- 
cess of  alkali;  on  then  evaporating,  tbe  iodoform  is  deposited  in  brilliant  gold-col- 
oured plates';  it  is  insoluble  in  water,  bul  very  soluble  m  alcohol  and  ether;  il  vola- 
tilizes at  218°;  with  potash  it  gives  iodide  of  potassium  and  formiale  of  potash. 
There  esist  also  bromides,  cyanides,  and  sulphurets  of  formyl,  which  do  not  require 

By  aciing  on  the  metliylic  ether  and  on  the  chloride  of  methyl  with  chlorine, 
Regnault  obtained  two  series  of  bodies,  which  follow  precisely  the  same  principles 
of  constitution  as  have  been  described  fully  when  speaking  of  wine-alcohol  (p.Ste). 
Malagutl  also  obtained,  from  the  oxalate  and  acetate  of  methyl,  bodies  similar  to 
those  generated  by  chlorine  with  the  ordinary  oxalic  and  acetic  ethers,  and  hence 
it  is  only  necessary  to  say  that  all  the  conclusions  there  drawn  respecling  the  nature 
of  these  bodies,  and  the  theory  of  the  chlorine  radicals,  may  be  applied  to  explain 
the  origm  of  the  bodies  derived  from  the  metUyLio  alcohol  also. 

Products  of  the  Bistillation  of  Coal, 
The  products  of  the  distillation  of  coal  in  close  vessels  possess 
a  repiarkable  analogy  to  those  that  have  been  now  described,  and, 
indeed,  in  many  instances,  are  identical  with  them.  Thus  the  gas- 
eous products  are  marsh  gas,  oleiiant  gas,  and  carbonic  acid.  The 
liquid  products  consist  of  various  bodies  closely  analogous  to  pe- 
troleum, and  the  solids  consist  of  napthgline  and  paraffine.  The 
relative  proportions  of  these  products  vary  with  the  temperature. 
The  lower  the  heat  employed,  the  less  gas,  and  the  more  solids 
and  liquids  are  produced;  the  higher  the  temperature,  the  greater 
is  the  quantity  of  carburetted  hydrogen  ;  but,  for  the  purposes  to 
which  the  practical  process  is  applied,  the  temperature  must  not 
be  raised  too  high,  for  then  the  gas  evolved  would  be  mostly  marsh 
g-as  and  pure  hydrogen,  which  possess  little  illuminating  power, 
while  a  great  deal  of  illuminating  power  may  be  derived  from  the 
vapours  of  some  highly  volatile  liquid  products.  In  the  manufac- 
ture of  coal  gas  for  the  purpose  of  illumination,  the  object  is,  there- 
fore, to  maintain  a  temperature,  too  high  for  tbe  production  of  much 
napthaline  or  paraffine,  hut  not  high  enough  to  produce  hydrogen 
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or  marsh  gas,  and  thus  obtain  the  greatest  possible  quantity  of  a 
gaseous  product  of  olelianl  gas  and  vapours  of  liquid  carbohydro- 

From  the  albuminous  constituents  of  the  wood,  coal  always  con- 
tains a  certain,  though  small  quantity  of  nitrogen,  and  hence  ammo- 
nia is  evolved  in  its  distillatioa  The  gas  liquor  so  obtained  is  ex- 
tensively used  in  the  manufacture  of  sal  ammoniac.  From  the  sul- 
phates existing  in  the  plants,  or  in  water  which  has  filtered  through 
the  bed  of  coal,  or  from  iron  pyrites,  which  is  generally  associated 
abundantly  with  the  rocks  of  the  coal  formation  (p.  3ii3),  a  smalt 
quantity  of  sulphur  always  exists  in  coal,  which  is  evolved  duciag 
the  distiilation  as  aulpbacetted  hydrogen,  and  requires  to  he  care- 
fully separated  from  the  other  gases,  which  is  effected  by  washing 
them  with  the  milk  of  lime,  wliich  absorbs  also  the  carbonic  acid. 
The  apparatus  used  for  making  coal  gas  does  not  differ  in  principle, 
although  very  much,  in  arrangement,  from  that  figured  in  p.  ()i2. 
The  ammoniacal  liquor  and  the  tar  are  collected  in  the  tubs,  and 
the  gas,  in  place  of  being  burned  at  the  orifice  of  the  tube  s,  is  con- 
ducted to  t!ie  purifiers,  and  thence  to  the  gasometers  for  use. 

Most  of  ths  substances  tiroduced  in  this  process  have  been  already  noticed.  It 
only  remains  now  to  describe,  as  briefly  as  possible,  the  properties  of  such  others  as 
are  importanl.  . 

Of  NetplMiiae  and  its  DsrioaUves. — This  subslance  is  a  veiy  usual  product  of  the 
decomposition  of  organic  substances  by  haat;  it  is  obtained  abundantfy  by  rectifvii^ 
coal-gas  [ar;  it  crystallizes  in  white  silvery  plates;  its  specific  gravity  is  1048;  it 
. malts  at  136=,  and  boils  at  ili",  but  sublimes  rapidly  at  much  ioiver  leinperainres ; 
it  barns  vrlth  a  strong  smoky  ilanie;  its  smell  is  powerful  and  very  peculiar;  it  is 
insoluble  ia  waC^r,  but  abutidaatly  soluble  in  ether,  alcohol,  andoil^;  its  formula  is 
CjoH? ;  the  specific  gravity  of  its  vapour  is  44SS,  It  is  remarkable  lor  the  nnmber 
of  compounds  to  which  it  gives  rise.'  When  digested  with  nitric  ^cid,  it  Ibrms  two 
combinations;  the  first,  NUra/iaplhalid,  ciystallizes  in  sulphur-yellow  prisms;  Us 
formula  Is  CmH,.N.Oi:  the  second,  Niirmia^luUhyd,  is  a  white  crystailiue  powder, 
having  the  foiinula  CioHg.  N.Oi.  Both  these  bodies  are  insoluble  in  water,  out  dis- 
solve easily  in  alcohol  atid  ether,  from  which  solutions  they  crystallize  on  cooling. 
When  nitronaptbalid  Is  distilled  with  lime,  a  substance  is  obtained  which  resem- 
bles eblanine  (p.  G43)  in  properties,  but  consists  of  CJMH7O.  Laurent  termed  it 
Oxide  of  Naplksiese. 

Chlorine  forms  with  napthaline  a  heavy  oily  liquid,  which  has  the  formula  CajHi 
Cli.  It  gradually  evolves  muriatic  acid  gas,  and  deposites  a  crystalline  subslance. 
This  change  is  effected  immediately  by  heat  or  by  abase.  This  solid  body  is  term- 
ed CHemaplhelid  I  it  consists  of  CuHiCl.  If  this  be  melted  and  submitted  to  the 
continued  action  of  chlorine,  hydrogen  is  removed  and  a  crystalline  solid  formed, 
aSaniaplhds/iyil,  C.oHiCls.  By  acting  on  napthaline  with  an  excess  of  chlorine, 
and  distilling  the  product,  a  solid  substance  is  obtained,  which  crystallizes  in  Ini^ 
prisms,  and  has  the  iormula  CaiHgCli.  All  of  these  bodies  are  insoluble  in  water, 
but  dissolve  in  alcohol  and  ether. 

When  these  chlorine  compounds  are  boiled  in  nitric  add,  a  aeries  of  substances 
are  obtained  containing  chlorine  and  osygen.  Thus  from  CioHaClj  is  formed  Cm 
Hi.OsCli,  which  is  a  brilliant  yellow  crystalline  matter,  insoluble  in  water,  and 
melting  at  308°.  By  farther  treatment  with  nitric  acid,  the  Ckh/ronaplhsdic  Add  is 
formed,  the  formula  of  which  is  CwHs .  OaCli.  This  body  is  insoluble  in  water,  but 
dissolves  in  ether,  and  crystallizes,  on  cooling,  in  abort,  brilliant  yellow  prisma  j  it 
melts  at  400°,  and  may  be  sublimed  unchanged.  With  bases  it  fiirms  well-charac- 
terized salts,  which  are  orange  or  red-coloured;  those  of  the  allralies  and  earihs  are 
soluble  and  crystallizable;  tdosa  of  the  heavy  metals  are  insoluble  in  water.  In 
this  process  (here  is  also  formed  a  substance  which  does  not  contain  chlorine ;  it  re- 

mble^  closely  benzoic  acid;  it  is  termed  Na^UiaMc  Add,  but  its  composition  i^ 

"' *  ""   '    " "lother product notir  "' '    "'--' ■ -   ■■  -    ..   .  . 

.nof  cTCL.N.Oj. 

The  action  of  sulphuric  acid  on  napthaline  vi 
hydrous.    In  the  latter  case,  sulphurous  acid  1 
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formsd,  n-hich  hare  been  described  by  Berzelius  as  follows:  Sniphonapthahv^,  Cn 
Hj.S.Oi,  crystal  ikes  in  white  plates,  which  melt  below  312"  to  a  colourless  liquid  j 
SidphasapOiaUd,  CwHm.S.Oi,  is  a  snow-white  powder,  which  may  tic  separated 
from  the  former  by  means  of  ita  Insolubility  in  cold  alcohol.  !□  addition  lo  .these 
bodies  there  are  forcaed  two  acida,  the  Sidplunm^Uiaiic  and  the  SulpiMutplMc ;  they 
are  isolated  by  taking  advantageof  theinsolubililyof  iheharytes  salt  of  the  latter  in 
cold  aicohol)  and  then,  by  decomposing  the  baiytes  salts  hy  dilnte  sulphuric  acid, 
these  organic  acids  may  be  obtained  crystallized.  The  Sid^ihiiiiajilMc  Acid  forms 
soft  iKTStaJlioeacales.of  a  soapy  ftel,  like. talc,  which  taste  bitter  and  sour.  Its  for- 
mniaisOiHHB.SjOiH-S'Aq.;  it  combines  with  twB  atoms  of  fixed  base.  The  Sui 
pA/nuMitialip.  Add  ibrms  a  hard  ct^talline  mass,  which  is  acid  and  bitter,  inodorous, 
tbaible  below  SIS" ;  it  is  very  deliquescent ;  ils  fonnula  is  CaiHs .  SbOs.  The  salts 
of  fliese  acids  arS  all  soluble  in  water.  There  is  still  another  acid  pi'oduci,  termed 
.  bjBetzelim  SSipinglucii:  Acidi  the  coustitution  of  which  is  not  known. 

]S'otwithEtanding  mat  few  subjects  ti&ve  been  so  often  investigated  as  the  history 
of  n^thaline  and  its  derivatives,  theie  are  few  bodies  whose  theory  is  more  oljscure. 
It  would  appear  that  all  its  hydn^en,  or  at  least,  aii  atoms  of  it,  is  capable  of  re- 
placemeat  by  chlorine  or  nitrous  acid,  and  thei«  does  not  exist  any  distinct  cl^arac- 
ter  by  w'hich  theexisteneeof  a  compound 'radical,  either  primitive  of  derived,  as  a. 
.basis  of  these  comMnafJQns,  ;could  with  reason  be  assumed.  The  hypothesis  of 
Marignac  is,  that  napthaline  itself  is  a  compound  of  two  carbohydrogens,  CieHj-t- 
C4H4,  by  the  diverse  action  of  reagents  upon  which  the  various  bodies  may  be  de- 
rived) biit  this  idea  does  not  aSotd  sufficient  advantages  to  justify  its  adoption. 

Par<mapl/uUme.—Tii}s  substance  J3  associated  with  napthaline  in  the  gas-tar,  and 
fa  isomeric  with  il,  its  formula  being  CeiHs;  it  differs  in  its  fusing  and  hoSing  points, 
which  are  very  much  higher;  it  may  be  distilled  unaltered;  it  is  insoluble  in  water, 
very  sparin^y  soluble  in  alcohol  or  ether,  bat  copiously  so  in  oil  of  turpentine;  its 
relations  to  other  bodies  are  not  well  known ;  with  nitric  acid  it  produces  a  colour- 
less crystalline  body;  having  the  formula  CijHjOa. 

The  liquid  prodncls  of  the  distillation  of  coal  have  been  as  yet  sttidied  only  by 
Laurent,  of  the  most  inieiestlng  of  whose  results,  as  yet,  but  the  general  nature  has 
been  pnblishedv  This  liiyiid,  which  Is  properly  termed  G/is-7iapt^,  contains  a  crys- 
talline solid,  which  volatilizes  without  decomposition,  and  acts  aS'an  acid;  its  tor-  . 
mula-is  CisHsO.+Aq.  Its  discoverer  considers  it  as  a  hydraied  oxideof  a  com- 
pound radical,  w^ich  he  terms  PAenjZ/itcombineswith  potash  and  barytes,  farming 
crystalline  compounds.  Wilh  sulphuric  aeid  11  forms  Sulpi^aac  Add,  CiaHsO. . 
S.Oa+S.Oa.H.O.,  which  forms  salts  resembling  the  sniphovinates;  with  chlorine  it 
forma,  firss,  CMorepAejiesic  Add,  CizHj .  CkO.+Aq.,  W-hich  crystallizes  in  rhombo- 
hedrons,  and  possesses  a  very  nauseous  odonri  and  aflerwaid  Cklmephaitc  Add, 
the  formula  ol  which  is  CuHi .  ClsO.+Aq. 

With  nitric  acid,  the  hydraced  oiride  of  phenyl  produces,  first,  NilrnpierKsic  Acid, 
Ci!Hj(NsOs)0.-|-Aq.,  and  by  continuing  the  action,  the  Niirop!mi,ic  Add,  CaH^ 
(NaOiaiO.-l-Aq^  which  is  the  IHciii:  Add  described  p.  618,  as  formed  from  indigo 
and  salicine.  This  pbfenyl  series  appears,  therefore,  to  be  the  fina)  result  of  the  ox- 
idation of  a  great  number  of  organic  bodies.  As  yet,  our  knowledge  of  the  proper- 
ties of  these  Dodies  is  not  safficienlly  detailed  to  jusliiV  any  disctission  of  their  na- 
ture, but  the  connexion  with  the  bodies  derived  from  indigo  is  exceedinKly  remark- 
able. If  we  consider  the. radical  asGuHs,  then  amilene  is  Amidide  of  PAenyl.ani 
aUlhe  cbaractere  of.  its  sails  are  easily  explained,  The  substance  termed  by  Lau- 
rent OUeraMne,  CaHiClz,  is  probably  CiHsCl.+H.Cl. 

In  preparing  olefiant  gas  for  the  purposes  of  illumination,  by  the  destructive  dis- 
tillation of  resin,  anumber  of  substances,  scmie  solid,  others  liquid,  are  produced, 
which  have  been  examined  by  Pelletier  and  Walter.  Those  not  already  described 
are  as  follows:  BeHsierm,  a  white  crystalline  solid,  which  melts  at  153*  and  boils  at 
617°.  In'  its  properties  it  resembles  napthaline;  its  formula  is  CazHu.  RdiTwl  is 
acolouriess  liquid,  tasteless  and  inodorous;  speeiflc  gravity  =0-9;  it  boils  at  400"; 
its  formula  iBCMHiy  being  isomeric  With'benEtn;  the  specific  gravity  of  it?  vapour 
is  7'35.  Retins^tha  is  a  colourless  liquid,  of  an  agreeableodour;  ils  specific  gravi- 
tr  is  0'86;  it  boils  at  SS6°;  its  formula  is  C,4Hs.  Retinyl,  also  a  liquid,  boils  at 
300°;  it  consists  of  CisHii,  being  polymeric  with  mesiiyiene. 

When  the  gas  obtained  by  the  destructive  distillation  of  oil  is  strongly  compress 
ed,  a  liquid  separates,  which  was  found  by  Faraday  to  contain  three  distinct  sub- 
stances. Of  these  the  most  abundant  was  the  benim  described  already  (page  571), 
as  produced  in  the  decomposition  of  benzoic  aeid.  Of  the  others,  one  is  known  as 
Fartuliiii's  Ctvadrictirbvirel  of  SijdTogen;  it  is  also  formed  abundantly  in  the  distillation 
of  caoutchouc;  ils  specific  graviQ'  is  0tS7;  it  boils  below  33°;  it  combines  with 
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chlorine,  forming  a  heavy  oil ;  it  is  isomeric  with  oleliant  gas,  its  formula  being  Ct 
Hi,  and  [he  speciHc  gravity  ol^  its.  vapour  is  double  that  of  the  gas.  being  r9G3.  The 
third  liquid  boils  at  183".  Its  formula  is  pMbably  CeHj,  being  isomeric  wiiJi  mesii- 
ylene  and  retinyl. 

Dtiring  an  elaborate  examination  of  the  nature  of  the  tnr  pmdticetl 
from  the  destructive  distillation  of  wood,  Eeichenbach  described  a 
number  of  bodies,  of  which  one,  Kreosote,  has  become  of  mucb  in- 
terest, from  its  remarkable  properties,  but  the  others  are  still  very- 
little  known.  For  the  preparation  o[  /creosote,  the  tar  is  rectified  by 
successive  distillations,  until  the  oil  which  passes  over  becomes 
heavier  than  water,  and  then  digested  with  a  solution  of  caustic 
potash,  which  dissolves  the  kreosote  ;  when  this  liquor  is  exposed  to 
the  air',  it  becomes  brown,  and  being  then  neutralized  by  an  acid, 
the  kreosote  separates.  This  process,  of  solution  in  an  alkaline 
liquor  and  precipitation  by  an  acid,  is  to  be  repeated  until  the  solu- 
tion is  no  longer  browned  by  exposure  to  the  air;  the  kreosote  is 
then  pure.  It  is  an  oily,  colourless  liquid,  with  a  penetrating  odour 
of  smoke;  its  taste  is  sharp  and  burning;  its  specific  gravity  is 
i-037  i  it  boils  at  400" ;  it  burns  with  a  strong  smoky  flame  ;  with 
water  it  unites  in  two  ways:  100  parts  of  water  dissolve  1'25  of 
kreosote,  and  100  parts  of  kreosote  take  up  ten  of  water  ;  the  solu- 
tioa  is  quite  neutral ;  kreosote  mixes  with  ether,  alcohol,  and  acetic 
acid  in  all  proportions.  It  unites  with  alkalies  and  with  acids,  but 
without  appearing  to  foPm  any  definite  compounds,  and  it  is  not  cer- 
tain that  it  has  ever  been  obtained  really  pure.  The  formula  as- 
aigiied  to  it  is  Ci,H„Oi. 

The  most  remarkable  property  of  kreosote  is,  that  it  coagulates 
albumen  and  the  colouring  matter  of  the  blood,  and  these  bodies  are 
then  no  longer  susceptible  of  putrefaction,  Fibrine,  or  muscular 
flesh,  immersed  in  a  solution  of  kreosote  for  some  minutes,  has  no 
tendency  to  putrefy  even  if  exposed  to  the  heat  of  the  sun  after- 
ward; from  this  is  its  name  derived  (xp^<^^  ouifu),  Kreosote  is  the 
antiseptic  principle  in  pyroligneous  acid,  and  in  tnrf  or  wood  smoke. 
If  placed  on  the  tongue,  it  makes  a  white  mark,  with  violent  pain. 
Its  use  as  a  caustic  remedy  for  toothache  is  well  known. 

Ka/pnoinar  accompanies  kreosote  in  tar;  it  is  a  colourless  liquid;  it  smells  like 
mm;  with  oil  of  vitriol  it  forms  a  purple  solution;  il  boils  at  360".  Picamar  is 
also  liquid;  it  boils  at  618° ;  it  combines  with  bases.  Cedrird  crystallizes  in  fine  red 
needles,  insoluble  in  all  liquids  except  oil  of  vitriol  and  kreosote,  the  former  pro- 
ducing a  hine,  and  the  latter  a  purple  solution.  PiOaJcal  forms  a  dark  blue  solid 
mass,  which,'  when  rubbed,  assumes  a  golden  lustre;  il  conlains  nitrogen;  it  is  in- 
soluble in  water,  but  dissolves  in  acids,  and  is  thrown  down  again  by.  alkalies. 
"With. metallic  salts,  its  solution  gives  bine  preci  pita  les,  which  maybe  attached,  by 
mordants  ujwn  woollen  and  cotton  cloths.  The  constitution  of  these  bodies  has  not 
been  examined. 

By  ihe  action  of  reagents  on  the  coal-gas  naptha,  Runge  obtained  a  series  of  bod? 
ies,  a  re-examination  of  which  would  be  of  the  highest  interest  to  science;,  they  are 
liquid,  and  appear  tQ  posj^ess  strong  alkaline  properties,  and  generate, salts,  which 
with  one  (cyomofj  are  of  a  rich  blue  colour.  They  belong  apparently  to  the  same 
class  of  bodies  as  anliene. 

By  (he  desuuetive  distillation  of  animal  substances,  a  series  of  oily  bodies  is  gen- 
erated, of  a  strong  odour  (Animal  Oil  n/Dippd,  Oil  of  Harlshi/m),  which  is  described 
by  Unverdorben  as  a  mixture  of  several  bodies,  to  which  he  has  given  names ;  but, 
as  we  possess  no  accurate  knowledge  whatsoever  of  their  properties,  1  do  not  think 
it  necessary  to  give  his  account  of  their  preparation. 
4N 
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CHAPTER  XXIX. 

OF    THE    CHEIttlCAL    PHENOMENA    OF 

In  ihe  seed  of  a  planl,  ihe  germe  of  the  future  individual  is  asaociateJ 
Willi  one  or  mere  organs,  termed  cotyledons,  which  contain,  in  general, 
stai-cli.and  some  form  of  azotized  mailer,  as  albumen,  gluten,  op  legu- 
mine,  which  substances  are  so  disposed  in  order  to  supply  the  nutriment 
necessary  for  l!ie  development  of  ibe  embry6,  until  its  organs  are  fitted 
for  the  collection  of  nutriment  from  external  sources. 

The  first  act  of  growth  in  the  seed  is  tei'med  germination,  and  ia 
accompanied  by  a  remarkable  cliange  in  the  constitution  of  the  cotyle- 
donous  mass.  For  perfect  germination,  it  is  necessary  that  the  seed  be 
moderately  supplied  with  water  and  with  air,  and  that  it  be  either  in  the 
darit,  or  exposed  but  lo  little  light ;  all  these  circumstances  are  perfectly 
secured  by  the  ordinary  mode  of  sowing  seeds  in  a  moistened  soil,  which 
shall  be  so  loose  as  to  admit  air,  and  yet  exclude  the  light, 

A  seed  so  circumstanced  gradually  swells  to  much  beyond  its  original 
volume,  and  its  temperature  rises ;  it  absorbs  oxygen  from  the  air,  and 
evolves  water  and  carbonic  acid,  and  the  starch  of  ihe  colyledon  gradu. 
ally  disappears,  being  changed  into  sugar.  From  the  point  of  ihe  seed 
where  the  embryo  is  situated,  two  shoots  spring  forth,  one  of  which,  the 
radical,  takes  its  direction  downward  into  the  soil,  while  the  other,  the 
flumula,  strikes  up  towards  the  air,  to  become  the  origin  of  the  stem ; 
according  as  this  growth  proceeds,  the  quantity  of  sugar  in  the  seed 
diminishes,  and  by  ihe  time  that  the  radical  ia  fit  for  the  performance  of 
its  ftinclions,  as  root,  in  absorbing  nutriment  from  the  soil,  nothing  re. 
mains  of  the  seed  but  its  ligneous  husk,  which  in  some  cases  completely 
perishes  under  ground,  but  in  others  rises,  and,  assuming  the  functions  of 
leaves  (seed-leaves),  assists  in  providing  nutriment  for  the  young  plants, 
until  the  stem  has  been  furnished  «ith  leaves  by  wliich  it  may  act  upon 
the  surrounding  air. 

This  process  of  germination  is  artificially  produced,  for  the  purposes  of 
Ihe  arts,  by  the  operation  oi  maUing ;  the  grain  is  steeped  in  water  until 
it  has  absorbed  the  proper  quantity  of  it;  it  is  then  spread  on  the 
floor  of  the  malthouae,  and  its  temperature  prevented  from  rising  too 
high  by  the  mass  being  frequently  spread  out,  and  new  surfaces  ex- 
posed to  the  air.  When  the  seed  contains  the  maximum  quantity  of 
sugar,  that  is,  when  the  conversion  of  the  starch  is  most  complete, 
and  yet  before  much  sugar  has  been  assimilated  by  the  gorme,  which 
is  practically  found  to  be  when  the  radical  has  grown  as  long  as  the 
grain,  but  docs  not  project  beyond  il,  the  young  plant  is  killed  by  ex- 
posing the  malted  corn  to  a  current  of  hot  dry  air  in  the  malt-kiln,  and 
the  malt  is  then  employed  as  a  source  of  sugar  in  the  fermentative  pro- 
cesses of  the  brewer  and  distiller. 

The  saccharine  fermentation  which  thus  furnishes  nutriment  for  tho 
young  plant  in  the  first  stage  of  its  existence,  resembles  the  transforma- 
tion of  starch  by  means  of  sulphuric  acid,  described  in  p,  538,  and  is  ex- 
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men,  and  on  evaporating  the  filleied  liquor  to  dryness,  ihe  diastase  re- 
mains, though  by  no  means  pure ;  it  is  a  wtiite  gummy  mass  -,  it  is  pre. 
cipitated  by  infusion  of  galls  and  most  metallic  aalta;  one  part  of  it  rap- 
idly and  completely  converts  a  solution  of  2000  parts  of  starch  in  water, 
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conducive  to  the  healthful  existence  of  both.  That  \vhile  the  animal,  i 
his  respiration,  throws  off  carbonic  acid  and  absorbs  oxygen,  ihe  plant, 
from  the  surfaces  of  its  green  leaves,  in  sunlight,  absorbs  carbonic  acid 
and  gives  out  oxygen.  It  only  remains  here  to  examine  the  circumstan- 
ces of  this  change  with  reference  to  the  other  functions  of  the  plant. 

As  water  is  abundantly  absorbed  by  plants,  both  with  the  roots  and 
leaves.  Ihe  assimilation  of  carbon  from  the  air  should,  with  it,  supply  at 
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once  die  elcmenls  of  the  woody  matter,  as  well  as  of  those  other  bodies, 
as  sLigiir,  stiirch,  aLid  gum,  wliicli  contain  osjgen  and  hydrogen  in  iho 
proporlions  to  form  water.  But  this  respiratory  function  oi'  the  leaves 
does  not  in  reality  possess  the  simplicity  and  uniformity  of  effect  which 
has  been  iust  assigned  to  it.  It  la  found  that  the  abTOrpIIon  of  carbonic 
acid  and  the  liberation  of  oxygen  occur  only  under  the  influence  of  sun- 
light, and  from  the  green  portions  of  the  plant,  while  the  coloured  por- 
tions, as  the  flowers  and  fruits,  and  even  the  green  leaves  during  the 
night,  absorb  oxygen  and  give  out  carbouic  acid,  thus  tending  to  in- 
crease the  vitiation  of  the  alinosphere  produced  by  animals  in  place  of 
counteracting  it.  The  existence  of  these  opposing  actions  had  induced 
some  [ihysiologisla  to  doubt  whether  they  did  not  neutralize  each  other, 
and  huhce  to  seek  for  the  source  of  the  carbon  of  the  plant  in  the  action 
of  the  roots  upon  the  organic  substances  of  the  soil.  But  the  experi- 
itients  of  Daubeny  have  conclusively  established  that  a  healthy  plant 
evolves  ao  much  more  oxygen  in  the  day  than  it  absorbs  during  the 
night,  and  inversely  absorbs  ao  much  more  carbonic  acid  during  the  day 
than  it  evolves  at, night,  as  may  salisfaglorily  account  for  the  growth  of 
the  woody  material  of  the  plant,  and  compensate  for  the  influence  of  ani- 
mal respiration  and  combustion  upon  the  air. 

It  has  been  already  shown,  that  the  grains  of  starch,  when  elaborated 
by  the  organs  of  the  plant,  possess  a  structure  totally  different  from  that 
which  characterizes  bodies  constituted  in  virtue  of  mere  affinity,  aad 
more  analogous  to  certain  animal  organs,  as  the  crystalline  lens  of  the 
eye.  In  the  different  varieties  of  starch,  it  is  not  difficult  to  trace  the 
gradual  transition  to  lignine,  and,  as  stated  in  page  530,  ordinary  wood 
sijll  retains  \a  the  tubes  and  cells,  formed  by  the  arrangement  of  the  par- 
ticles of  lignine,  a  considerable  quantity  of  unaltered  starch.  In  the  me- 
dulla of  various  trees,  the  passage  from  starch  to  lignine  is  still  more 
evident.  Now  for  the  formation  of  starch  there  are  required  but  water 
and  carbon,  its  formula  being  0|2H,oO|„,  and  this  I  consider  as  the  actual 
result  of  the  true  respiratory  process  of  the  plant ;  carbonic  acid  being 
absorbed,  and  an  equal  volume  of  oxygen  being  exhaled,  the  carbon  is 
assimilated  by  the  vital  power  of  the  plant,  and,  with  the  elements  of 
water,  produces  a  substance  partially  organized  in  structure,  the  starch 
globule.  The  outer  layer  of  this  gradually  increasing  in  density,  and 
water  being  separated  from  the  internal  portion,  should  give  a  cell,  or,  by 
the  reunion  of  many,  a  continuuus  fibre  or  tube  of  true  lignine.  The 
change  being  simply  the  loss  of  water,  the  formula  of  the  lignine  becomes 
CiaHjOj.  The  nature  of  the  starch  globule,  and,  hence,  the  structure  and 
physical  properties  of  the  ligneous  fibre,  varies  in  different  plants.  Thus 
I  consider,  in  the  adult  plant,  starch  to  bo  the  first  product  of  the  assimi- 
lation of  carbon  and  water,  that  it  is  already  possessed  of  a  low  degree 
of  organization,  and  is,  in  structure  and  composition,  adapted  for  the 
change  (growth  rather  than  traiisfovmation)  into  true  wood. 

By  contact  with  the  albuminous  or  fermentative  principles,  the  starch, 
whether  accumulated  in  the  seed  or  roots,  or  distributed  throughout  the 
substance  of  the  plant,  undergoes  changes  of  an  opposite  Itind.  Its  or- 
ganized character  is  lost ;  it  successively  forms  gum  and  sugar.  We 
cannot  yet  form  cane-sugar  artificially  from  starch,  but  we  can  have  no 
doubt  that  it  arises,  as  grape-rsugar  does,  from  the  catalytic  metamorphosis 
of  the  starch,  arrested,  in  virtue  of  the  vital  power  of  the  plant,  at  a  point 
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where  we  cannot  seize  it  in  ihe  laboratory.     These  arc  tin 
tioiis  elements  of  ilie  |»lant,  whether  designed  for  the  suppur 
individual,  or,  collected  in  pro|)er  reservoirs,  to  serve  Ibr  ihc  s 
of  Ihe  future  individual  in  the  seed. 

In  the  conversion  of  the  starch  into  (he  numerous  secondury  products, 
03  acids,  colouring  ma  tie  ra,  oils,  &c.,  the  presence  of  which  churacierizes 
the  generality  of  plants,  we  may  fijid  tlie  source  of  thai  inverse  respira. 
tory  uclion  which  so  much  masks  the  real  and  simple  nutritive  process. 
Of  the  circumstances  oi' the  formation  of  these  bodies,  we  have  an  exam- 
ple admirably  illustrative  of  the  point,  in  the  conversion . of  lignine  into 
olmine.  Here,  though  the  change  would  at  firBt  appear  to  require  only 
the  loss  of  the  elements  of  water,  we  find  it  to  be  much  more  profound  ; 
the  constitution  of  the  lignine  is  totally  broken  up  ;  oxygen  is  abundant- 
ly absorbed  from  the  air ;  a  quanliiy  of  its  carbon  is  carried  ofT  as  car- 
bonic acid,  and  a  quantity  of  its  hydrogen  as  water.  Tliis  action,  which 
may  be  looked  upon  as  equivalent  totlie  various  processes  of  -secretion 
performed  up[in  the  blood  by  the  organs  of  animals,  by.  which  substances 
adapted  to  the  use  or  structure  of  different  parts  are  there  deposited, 
while  others  unfitted  for  the  purposes  of  the  organized  being  are  thrown 
off,  is  carried  on  by.  the  leaves,  probably  by  all  portions,  of  the, surface  oi 
the  plant,  and  is  the  source  of  the  continued  exhalation  of  water.and  car- 
bonic acid  which  occurs.  During  the  day,  and  especially,  in  .lirightsun- 
shine,  tlie  assimilating  power  of  the  plant  being  in  full. action;  carbouic 
acid  is  taken  in,  and  oxygen  given  out ;  dui'ing.the  night,  w.bile  ihe  plant 
is  in  repose,  this  nutritive  action  ceases.  Through  the  whole;  litne,  how- 
ever, tins  process  of  the  secretion  is  carried  on,  water  and  carbonic, acid 
given  off,  though  in  such  proportion  only  as  to  secure  at; the  end  of  the 
twenty-four  hours  an  excess  of  assimilated  carbon  sufficient  fully  to  se- 
cure and  account,  for  the  rapidity  of  growth. 

The  changes  of  constitution  which  accompany  the  ripening  of  fruit 
deserve  lo  be  considered  more  in  detail  than  those  of  which  Ihe  general 
nature  has  been  just  noticed.  If  we  examine  tiic  composition  of  a  young 
apple,  we  find  it  to  be  nearly  tasteless,  and  to  consist  of  a  loose  ligneous 
tissue,  in  which  is  imbedded  a  quantity  of  ordinary  starch  ;  as  its  growth 
proceeds,  the  starch  diminishes  in. proportional  amount,  and  the  fruit  be- 
comes  intensely  sour,  from  the  presence  of  tartaric  acid  ;  after  some  time 
the  acidity  becomes  of  a  much  less  disagreeable  kind,  and  the  tartaric 
acid  is  found  lo  be  replaced  by  malic  acid  ;  and  in  the  next  and  conclu- 
ding, stage  of  maturity,  this  acid  disappears,  its  place  being  taken  by  pec- 
tine  and  by  sugar.  During  the  whole  of  these  actions,  oxygen  is  absorb- 
ed from  the  air,  and  water  and  carbonic  acid  given  ofT.  1  heir  (lieory  is 
simply  itidicated  :  thus  starch,  which  is  C,2H,oO,a.  absorbing  140.,  pro- 
duces 6  Aq.  and  4C.0j,  with  tartaric  acid,  CjH.Oio !  and  of  this,  three 
atoms,  absorbing  60.,  produce  8C.0j  and  4  Aq.,  with  two  atoms  of  malio 
acid,  2(CsHjOj).  The  change  of  tartaric  to  malic  acid  mny  also  occur 
without  the  absorption  of  oxygen  from  the  air,  as  6(C,H(0||,)  may  pro- 
duce 5{C8H40s)  with.  SCO,  and  4  Aq. ;  but  as  fruits  do  not  ripen  in  close 
vessels,  unless  when  they  absorb  oxygen,  the  former  is  moi'e  pj'obably 
the  process  which  actually  takes  place.  The  formation  of  the  peciine 
and  sugar  from  the  malic  acid  may  be  produced  by  the  absorption  of  ox- 
ygen and  the  giving  off  of  water  and  carbonic  acid,  as  8((JbHjOj)  with 
9H.0.  and  50.,  produce  pectiae,  Cj.Hi,0jo  sugar,  afCaH^Oa)  with  160 
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Uj.  That  neither  pecline  nor  sugar  is  derived  originally  from  the  starch, 
in  evident,  aa  the  starch  abounda  but  in  the  very  earliest  stage,  and 
gives  pluce  10  the  tartaric  acid,  while  the  incrense  in  quantity  of  the 
gelatinous  and  saccharine  matter  is  proportional  to  the  disappearance 
of  the  acid  consilluents  of  the  fruit. 

When  our  knowledge  of  the  ultimate  elTect  of  the  complex  actions  of 
plants  upon  the  atmosphei'e  was  still  uncertain,  it  was  considered,  and 
upon  very  rational  gfounds,  that  the  plant  was  indebted  for  its  carbon  to 
the  organic  substances  of  the  soil,  and  the  necessity  for  a  continued  sup- 
ply of  animal  or  vegetable  manure  to  keep  up  the  ferliliiyof  the  soil,  was 
thus  satisfactorily  explained  ;  it  was  considered  that  the  roots  and  leaves 
remaining  from  the  preceding  crop,  or  intentionally  mixed  up  with  the 
soil,  were  converted,  as  already  described,  into  ulmine,  which,  either  by 
itself,  or  in  combination  with  inorganic  bases,  waa  talten  up  by  the  ab- 
sorbing rootlets  of  the  plant,  (Scried  into  its  vessels,  and  assimilated  to 
the  constituents  of  its  tissues;  for,  in  fact,  if  we  examine,  at  any  nnoment, 
any  kind  of  fertile  soil,  we  find  it  to  contain  abundance  of  a  kind  of  ul- 
mine (geic  acid,  p.  639) ;  we  find  this  ulmine  to  be  a  product  of  the  de- 
composition of  the  organic  substances  used  aa  manure  ;  we  find  that,  in 
barren  soils,  the  ulmine  is  either  absent,  or  it  exista  in  another  isomeric 
form  (humine,  &c.),  and  hence  the  vegetation  appeared  distinctly  con- 
nected with,  and  attributable  to  the  quantity  of  geine  present.  But,  not- 
withstanding-such  plausible  evidence,  Liebig  has  brought  forward  very 
strong  proof  that  the  action  of  the  ulmine  can  be  but  secondary  towards 
the  nutrition  of  the  plant.  His  arguments  are  derived  from  the  facta  f 
first, .that  ibe  plant  may  fully  vegetate,  though  totally  unconnected  with 
ilie  ground,  as  has  been  proved  by  experiments  upon  cellular  plants,  sus- 
pended in  the  air,  and  supplied  with  water ;  second,  that,  from  the  insol- 
ubility of  every  kind  of  ulmine,  either  free  or  when  combined  with  earthy 
bases,  which  alone  are  presented  in  sufficient  quantity  in  (be  soil,  it  can- 
not be  directly  absorbed  by  the  rootlets  of  the  plant,  which  totnfly  ix-ject 
every  kind  of  solid  matter;  and,  third,  that  if  we  compare  the  quantity  of 
u)mine  in  3  soil  before  the  growth  and  after  the  collection  of  a  crop,  we 
find  the  diminution  to  be  so  small  when  compared  with  the  great  quanti. 
ly  (if  carbon  contained  in  the  mass  of  vegetable  matter  that  has  been  ob. 
tained,  as  fully  to  prove  the  produce  of  carbon  in  the  crop  to  bear  but  an 
indii-ect,  if  any,  proportion  tn  the  quantity  of  ulmine  in  the  aoil.  The  true 
ol?ice  of  the  organic  matter  in  the  soil  ap|>ears  to  be,  that,  by  its  gradual 
decomposition,  a  constant  supply  of  carbonic  acid  is  afforded  to  the  plant, 
by  which,  during  the  first  stages  of  its  development,  and  while  destitute 
of  the  expanse  of  leaf  requisite  to  collect  the  necessary  quantity  of  nutri- 
ment from  the  air,  a  more  concentrated,  and.  as  it  were,  richer  food  is 
ajiplicd  lo  the  absorbing  roots,  and  its  healthful  and  rapid  growth  thus 
provided  for  ;  it  is  not,  therefore,  the  ulmine  of  the  aoil,  but  the  organic 
mutter  generally,  in  changing  into  ulmine.  that  may  supply  carbon  to  the 
young  plant,  the  ofiice  of  the  aoiluimine  (geic  acid)  being  diflerent,  as 
will  be  shortly  shown ;  and,  even  in  this  action  of  ihe  organic  matters, 
ilie  functions  of  the  plant  remain  the  same,  being  iho  absorption  of  car- 
banic  acid  and  evolution  of  oxygen. 

Assimlafum  of  Nitrogen  hy  Plants. 

The  organic  subditances  which  contain  nitrogen  belong  to  two  classes ; 
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tboao  of  the  Aral,  which  conailtute  ihe  activi;  or  characlorialio  pfinciplea 
of  many  plunis,  although  of  much  interest  in  r<jl;)ttun  to  medlcinE!  and  ta 
abstrai;i  science,  are  of  very  little  iniportaoce  with  refBrencB  to  the  growth 
tif  the  plant,  and  its  use  aa  food  The  bodies  whose  urigia  and  pioper- 
lies  uro  here  of  interest,  behng  to  that  class  of  vegeto  animal  ^ubatan 
ces,  as  olbnmeii,  gluten,  leguraine,  of  wliose  estiftordiniiry  power  in  in- 
dncing  catalytic  decoin positions  of  other  bodies  I  hav*  so  often  &po)vi,ii , 
they  are  found  in  ail  parts  of  the  plant,  dissolved  or  diffu-ed  thiougli  <ts 
juicoa,  but  especially  collected  where  transformations  necessary  f)rf,iowth 
or  gepininaiion  aic  to  ha  acconijihshed.  Although  piescut  in  but  small 
quaniity,  no  function  of  the  plant,  in  any  stage  of  its  existence,  could  be 
accomplished  without  their  aid.  The  conversion  of  starch  into  sugar  for 
the  nutrition  of  the  germe;  of  starch  or  ligniue  into  the  vast  variety  of 
secretory  products  in  the  adult  plants  ;  the  elaboration  of  the  fruii,  ita  ri- 
pening, and  even  the  ultimate  destruction  of  the  vegeiuble  tissue^*,  hiive 
(heir  origin  in  a  series  of  actions,  induced  and  tnaintained  by  communi* 
cation  fi'om  (he  active  fermentation  of  these  azolized  materials. 

Not  merely  does  the  presence  of  this  class  of  bodies  regulate  the  prop- 
er performaace  of  the  functions  of  the  plant,  but  they  play  an  equally  jm. 
portaiit  part  in  favouring  the  assiijiilaiion  of  vegetable  matter  when  used 
as  food  by  animals.  Bousingault  has  shown  by  experiments,  to  which 
I  shall  hiive  occasion  again  to  relbr,  that  in  herbivorous  animals,  the  to. 
tal  quantity  of  nitrogen  assimilated  for  the  growth  of  its  muscular  cUid 
other  tissues  is  derived  from,  and  equal  to  that  contained  in  the  vegt-^ta- 
ble,  substances  used  as  food,  and  that  hence,  to  ascertain  the  Nutritive 
valueof  any  organic  substance,  it  is  only  tiecessary  to  determine  the  qUJin- 
tity  of  nitrogen  which  it  contains.  The  results  so  calculated  agree  with 
the  mean  experimental  results  of  the  most  enlightened  agrlculiurisis, 
within  limila  as  narrow  as  could  be  expected  in  experiments  of  that  kind,  , 
and  may,  by  farther  research,  be  brought  to  sliU  greater  accuracy. 

Like  the  carbon,  (he  nitrogen  of  plants  is  obuiined,  in  great  pari,  by 
absorption  from  the  air,  but  yet  it  is  not  merely  gaseous  nitrogen  which 
is  assimilated.  The  atmosphere  always  contains  a  quantity  of  ammouin, 
derivej  from  the  putrefaction  of  organic  bodies.  This  is  absorbed,  and 
passes  into  the  constitution  of  a  new  set  of  plants,  and  from  them  to  an- 
imals, to  be  again  thrown  into  the  air  aiVer  their. death,  and  thus  circulate 
from  age  to  age,  entering  into  the  constitution  of  each  successive  race  of 
organized  beings.  We  cannot  refer,  however,  the  total  quantity  of  ni' 
trogen  in  plants  to  this  one  source  ;  for  if  the  produce  of  one  year  deri- 
ved its  niirogtin  only  from  tho  decomposition  of  the  plants  of  the  previous 
year,  the  total  quantity  should  be  constant;  whereas  ejiperience  teaches 
us  that,  by  jiroper  methods,  the  quantity  of  vegetables  produced  on  a  soil 
may  be  continuously  increased,  an'd  for  this  ihe  nitrogen  must  be  derived 
strictly  by  absorption  from  the  air. 

Plants  vary  exceedingly  in  the  facility  with  which  they  derive  nitrogen 
from  the  air,  whether  by  direct  absorption  of  gas  or  as  ammonia.  Thus 
trefoil  vcgelntea  and  thrives  nearly  as  well  when  planted  in  pure  sand, 
and  supplied  only  with  water  and  air,  as  when  sown  in  ordinary  soil ; 
and  when  fully  grown,  the  quaniity  of  nitrogen  is  found  to  be  increased 
twenty-six  per  cent.  ;  but,  on  the  contrary,  wheat  grows  but  slowly  un- 
der llin  same  circumstances,  makes  no  attempt  to  flower,  and,  on  analy- 
sis, the  whole  plant  is  found  to  contain  even  a  little  less  nitrugim  thim 
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had  originally  existed  in  the  seed.  Wheal  has,  therefore,  no  power  lo 
assimilate  nitrogen  from  ilie  air,  whil';  trefoil  possesses  that  ehiirui 
probably  its  greatCKt  vigour.  Yet  wheat,  when  lully  grown,  is  i 
nitrogen  ;  its  seed  is  more  nutritious  than  that  of  any  other  corr. 
contains  more  gluten ;  its  nitrogen  must,  therefore,  be  derived  from  an- 
other source  ;  it  is  extracted  from  the  organic  matters  of  the  soil. 

Without  entering  here  into  the  cjuestion  of  the  niituro  of  manures, 
which  will  require  especial  consideration,  it  may  be  staled  that,  though 
wheat  is  thus  peculiar  in  deriving  ils  supply  of  nitrogen  exclusively  from 
tile  soil,  yet  all  plants  do  so  in  a  greater  or  less  degree.  In  the  soil,  how- 
ever, the  nitrogen  is  not  present  uncombined.  It  is  evolved  as  amnionia 
from  the  deccjmposing  organic  substances  of  the  manures,  and  hence  an- 
imal manures,  as  producing  more  of  it,  are  proportionally  licher.  It 
has  been  already  noticed  (p.  63»)  that  the  uimine  of  the  soil  is  always 
combined  with  ammonia,  which  it  retains  with  exceeding  force.  But  in 
presence  of  strong  bases,  such  as  lime,  which  all  fertile  soils  contain,  iha 
uimine  is  slowly  decomposed,  the  elements  of  carbonic  acid  and  of  am- 
monia are  eliminated  from  it,  and  these  both  being  in  a  state  fit  for  ab- 
sorption  by  the  rootlets  of  the  plant,  o  re  assimilated,  and  supply  carbon, 
nitrogen,  and  water.  Independent  of  the  ammonia  derived  from  the  or- 
ganic substances  actually  contained  in  the  soil,  much  of  that  diffused 
through  the  atmosphere  is  ciirried  to  the  roots  of  plants  by  showers  of 
rain,  and  by  the  direct  absorption  of  the  gas  by  tlie  porous  clay.  There 
are  few  specimens  of  clay,  especially  if  they  contain  iron,  which  do  not 
give  out  ammonia  when  heated,  and  the  absorption  occurs  with  greater 
power  when  the  clay  has  been  strongly  dried.  Hence  the  increased  fer- 
tility often  given  to  a  soil  by  burning  the  surface  io  the  depth  of  a  few 
inches, 

^ssimilaUon  of  Hydrogen. 

I  have  described  {p,  653)  as  the  source  of  the  carbonic  acid  evolved 
by  plants  during  the  nigh!,  the  conversion  of  the  starchy  substance,  which 
I  conceive  lo  be  that  first  elaborated  by  the  plant,  into  the  various  se- 
cretory products,  acids,  colouring  matters,  iSsc.  But  there  are  many 
classes  of  important  vegetable  products  in  which  hydrogen  so  far  pre- 
dominates, that  we  must  conceive  for  their  formation  water  to  be  decom. 
posed,  and  its  oxygen  to  be  evolved,  either  free  or  in  combination  with 
carijon.  Of  such  bodies,  glycerine,  all  of  the  fixed  and  many  of  the  vol. 
atile  oils,  wax,  and  caoutchouc,  are  examples.  The  secretory  action 
may  thus,  in  place  of  opposing  that  of  the  respiration  of  the  plant,  coin, 
cide  with  it  in  result,  according  to  the  nature  of  the  substances  formed, 
since,  if  all  the  carbon  of  the  starch  remains  in  the  constitution  of  the 
secretion,  oxygen  is  evolved  from  the  water  which  ia  decomposed  to-  sup- 
ply the  necessary  quantity  of  hydrogen. 

Of  the  Inorganic  Constiiuenis  of  Plants. 
If  we  make  a  plant  vegetate  in  water  which  holds  dissolved  small  quan- 
tities of  inorganic  salts,  we  find  that,  as  long  as  the  plant  remains  in 
health,  it  exercises  upon  these  salts  a  remarkable  discretionary  power  of 
absorption,  taking  up  some  and  rejecting  others,  which  pass  into  its  sub- 
stance onlywhen,  by  the. death  or  weakness  of  the  plant,  the  liquor  enters 
the  tubes  by  merely  physical  capillarity.  -  If  a  plant,  whose  tissues  havo 
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oeea  thus  Imbibed  with  saline  matters  by  its  own  spontaneous  power  of 
ftbaorpiion,  be  placed  in  a  vesaul  of  pure  water,  it  will  be  found  to  .givo 
oul  r-«rlaiii  of  the  saline  matters  it  had  talien  up,  but  to  retain  othyra. 
■In  this  manner  we  may  recognise  the  action  of  inorganic  sails  upon  pl;inia 
tu  be  of  three  kinds  ;  iirst,  directly  poisonous,  which  are  rejected  by  the 
plftnt  txs  lung  as  it  is  in  health,  and  to  tbi^'  class  belong  most  subaiiuicca 
poisonuuii  to  man  ;  Sd,  those  to  which  the  plant  appears  indifforeiit,  which 
are  tiiken  up  by  it  and  given  off  agyin,  without  any  apparent  influence  on 
its  growth ;  and,  3d,  those  which,  when  absorbed  by  the  plant,  are  asrijm- 
iluled  to  its  proper  tissues,  and  are  not  given  up  by  the  plunt  to  water  in 
which  it  may  be  immersed. 

The  bodies  of  this  last  class  are  all  combinations  of  alkalies  and  earths, 
and  principally  with  organic  acids ;  they  form  the  ashes  of  the  plant 
when  the  organic  matter  is  burned  away.and  then  always  possess  an  aU 
kaline  reaction  from  the  formation  of  carbonates.  As  a  general  priiici. 
pl«,  we  may  say  that  each  plant  requires  for  its  healthy  growth  inorganic 
substances  in  certain  quatftityand  of  a  certain  nature  j  but  replacement 
of  one  base  by  another  may  occur  in  certain  cases,  without  positive  irjury 
to  the  piant.  Thus  the  plants  which  yield  soda  when  grown  ujiun  the 
seashore  (salsola,  salicornia),  if  transplanted  to  the  intenor,  gradiially 
lose  the  soda,  and  acquire  potash  in  its  place  ;  so  that,  ufi«r  a  generation, 
no  trace  of  the  former  alkali  remaina.  The  ashes  of  oaks  or  pitK's  grown 
upon  a  granitic  or  basaltic  soil  contain  abundance  of  magnesia  and  of 
potash,  while  trees  of  the  same  species  will  flourish  on  a  limestone  soil, 
and  in  their  ashes  lime  will  be  the  predominant  ingredient.  But  these 
coses  of  substitution  of  one  base  for  the  other  in  a  plant  are  still  but  rare 
exceptions  to  the  principle,  that  each  kind  of  plant  requirea  fur  its  vigor- 
ous and  healthy  growtii  to  be  supplied  with  inorganic  substances  of  a 
epecjtic  nature  and  in  certain  quantity. 

It  is  this  principle  which  determines  the  more  successful  cultivniiou  of 
certain  plants  in  certain  soils.  Thus,  if  we  examine  the  crmipusition  of 
the  ashes  of  wheal,  we  find  abundance  of  silica,  phosphoric  aciti,  magne- 
eia,  lime,  and  poiash.  If  we  sow  wheat  in  a  soil  which  contains  neither 
potash  nor  phosphoric  acid,  some  of  the  materials  necessary  foi-  tlie  ))er- 
feclion  of  the  plant  being  absent,  the  crop  cannot  be  productive ;  but  if 
we  previously  manure  the  soil  with  bonedust,  with  ashes  of  weeds,  or 
other  substances  which  may  supply  the  necessary  inorganic  elements, 
these  will  be  absorbed,  and  the  plants  obtain  their  full  deveioptiient. 
Even  when  the  quantity  of  the  required  inorganic  base  is  but  exceeding- 
ly minute,  it  will  still  be  collected  by  the  vital  action  of  the  plant  in  the 
necessary  quantity.  Thus,  in  most  sea-plants,  iodide  of  magnesium  ex- 
ists in  such  proportion  as  that  it  affords  the  universal  source  of  iodine  for 
ail  technical  and  scientific  objects;  and, yet  that  salt,  which  is  excess- 
ively soluble,  is  removed  by  the  plant  from  the  sea-water,  which. con- 
tains but  minute  traces  of  il,  and  is  retained  in  the  vegetable  tissue  by  a 
power  which  prevents  its  being  washed  out  again.  It  is  this  power  of  a 
plant  to  search  for  and  remove  from  the  soil  all  traces  of  those  inorganic 
bases  which  il  most  requires,  that  rcndei-s  many  soils  incapiible  of  bear- 
ing successive  crops  of  the  same  kind,  without  the  intermediate  applica- 
tion of  suitable  mineral  manures.  But  if  the  soil  bo  of  such  nature  as  to 
contain  itself  those  elements,  it  may  become  truly  inexhaustible  for  the 
growth  of  most  species  of  plant.  It  is  hence  that  soils  farmed  by  the  de 
40 
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composiiioT)  of  basaltic  rocks  or  of  modern  lavas  are,  for  every  Idnd  of 
crop,  some  of  the  most  ppoduciive  ;  the  facility  with  which  these  rucks 
are  decomposed  by  the  action  of  air  and  water,  provides  a  constant  sup- 
ply of  soil  absolutely  new,  and  from  the  constitution  of  these  rocks,  the 
great  variety  of  their  mineral  components  renders  such  soil  abundant  in 
every  element  that  plants  in  general  require. 

Of  the  Constitution  of  Soils  and  of  Manures. 

From  what  has  been  already  aaid,  it  is  easy  to  judge  of  the  circum- 
Btances  which  render  a  soil  barren  or  productive,  but  from  the  importance 
of  the  subject  to  vegetable  physiology  and  to  agricullure,  it  requires  moi'e 
detailed  examination. 

The  organic  elements  of  the  plant  being  derived  for  the  most  part  from 
the  atmosphere,  the  office  of  the  soil,  so  far  as  they  are  concerned,  is  re- 
duced to  supplying  to  (he  roots,  during  those  periods  when  there  is  not 
a  sufficient  expanse  of  foliage  lo  absorb  nutriment  from  the  air,  the  car. 
bonic  acid  produced  by  the  gradual  rotting  oT  the  ligneous  matter,  and 
■limine,  and  ammonia  from  the  azotized  elements  of  the  manure.  For 
this  purpose  the  soil  is,  in  respect  to  its  mineral  composiliun,  unimpor- 
tant ;  it  should  be  porous,  in  order  to  admit  of  the  easy  penetration  of  the 
rootlets,  and  to  allow  free  access  of  oxygen  to  the  organic  matter  to  form 
carbonic  acid  ;  it  should  yet  be  close  enough  to  retain  moisture  in  the 
average  intervals  of  rain,  in  order  that  the  water  necessary  for  vegeta- 
tion may  not  be  absent. 

These  physical  conditions  are  not,  however,  combined  in  any  one  kind 
of  mineral  material.  If  we  take  a  soil  of  pure  sand  or  of  pure  limestone, 
wc  find  them  so  loose  and  porous  that  the  water  filters  olf  almost  imme- 
diately aller  falling,  and  the  plants  necessarily  perish.  If  a  soil  consist 
of  pure  clay,  its  tenacity  would  be  such  as  totally  to  prevent  the  access 
of  air,  and  all  growth  of  the  absorbing  filaments  of  the  roots.  To  com- 
bine the  two  proper  conditions  of  a  soil,  the  clay  should  be  mixed  with 
Ihe  porous  material,  in  proportions  which  vary  with  the  nature  of  the 
plant  to  bo  cultivated;  and  thus  the  simplest  soil,  in  order  to  fulfil  its 
physical  conditions,  as  supplemeiiiai  to  the  atmosphere,  should  contain  two 
mineral  substances,  of  which  one  should  be  clay,  and  the  other  lime  or 
eilica  ;  and  as  in  practice,  unless  for  some  special  object,  the  presence  of 
caustic  lime  would  prove  injurious  to  the  absorbing  rootlets,  this  should 
be  present,  combined  with  carbonic  acid,  as  in  any  of  the  usual  varieliua 
of  limestone  rocks. 

The  proper  action  of  the  soil,  that  which  it  exorcises  independently  of 
ha  office  in  replacing  the  atmosphere,  is  to  supply  (o  the  plant  those  in* 
oi^anic  constituents,  the  importance  of  which  have  been  ali-eady  shown. 
For  this  purpose,  a  far  greater  complexity  of  constilulion  is  required. 
Thus  there  is  no  plant  that  docs  not  contain  both  lime  and  silica,  and 
hence,  in  the  simplest  soil,  both  must  be  present.  There  is  scarcely  a 
plant  -whose  ashes  do  not  contain  a  fixed  alkali,  generally  potash ;  and 
hence  minerals  which  may  yield,  by  their  decomposition,  the  necessary 
quantity  of  that  base,  should  be  present  in  a  fertile  soil.  For  most  plants, 
also,  magnesia  must  be  supplied ;  and  for  many,  and  especially  the  vari. 
ouskinds  oi"  corn,  phosphoric  acid.  In  average  soils,  most  of  these  bodies 
are  naturiilly  present  in  the  necessary  degree.  When  iho  soil  has  origi- 
nated in  ihs  deoom  posit  ion  of  granitic  or  of  slaty  rocks,  the  silica,  the  al 
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umina,  and  the  potash  are  abundantly  supplied  from  feldspar  and  from 
mica;  i.ime  and  magnesia  also  may  be  derived  from  associated  minerals ; 
but,  in  general,  it  is  necessary  to  add  lime  to  sucli  soils,  in  order  that  the 
quantity  necessary  to  full  fertility  may  be  preseot.  In  purely  limesloue 
suils,  clay  and  ailicious  gravel  must  be  added  ;  and  to  make  up  the  defi- 
ciency in  potash,  the  ashes  of  other  plants  and  cinders  of  coal.  If  the 
soil  be  purely  silicious,  the  addiiiun  of  clay  and  lime  (marl)  may  bring  it 
to  the  proper  cotnposiiiod. 

In  these  few  words  are  contained  the  theory  of  what  are  termed  miner- 
al manures,  with  few  exceptions.  In  adding  lime  or  marl,  bonedust  or 
cinders,  to  a  soil,  we  either  render  its  physical  condition  of  porosity  and 
tenadiy  more  suitable  to  the  circumstances  of  the  plant,  or  we  supply 
some  ingredient  which  was  either  primiiively  deficient  in  the  soil,  or  had 
been  removed  from  it  by  a  previous  crop  of  the  same  kind.  On  this  last 
condition  is  founded  also  the  necessity,  in  an  economic  agriculture,  of 
alternating  crops  which  take  up  from  the  ground  materials  of  diffiircnt 
kinds.  Thus,  if  wheat  begrown  upon  a  soil,  the  rocky  substance  of  which 
is  rich  in  potash  and  phosphoric  acid,  the  crops  will,  after  a  few  years,  be 
unproductive,  and  the  soil  impoverished,  because  the  rock  decomposes  too 
slowly  to  supply  materials  for  the  wheat  as  fast  as  they  are  required;  but 
if  we  take  from  that  soil  a  crop  of  wheal  but  once  in  three  years,  and  in- 
terpose some  other  plant,  as  trefoil,  which  takes  up  but  little  potash  and 
no  phosphoric  ax;id,  ihe  soil  has  time  to  recover  its  constitution,  and  the 
series  of  crops,  thus  arranged  in  rotatory  order,  so  far  from  impoverishing 
ihe  soil,  may  bring  it  to  a  higher  degree  of  richness,  by  Ihe  additions  made 
lo  its  azoiiaed  organic  components  by  the  roots  and  rejected  leaves  of  tha 
various  crops  which  are  left  upon  it,  and  the  manure  derived  from  the  con- 
sumption of  its  produce  by  animals,. 

The  advantage  of  a  rotation  of  crops  may  be  thus  deduced  from  Ihe 
necessily  of  the  soil  renewing  its  mineral  constituents,  by  the  gradual 
decomposition  of  the  subjacent  rocky  matter  (subsoil).  But  the  obser- 
vations of  Macaire  and  Decandolle  indicate  another  and  not  less  im. 
portant  reason  for  its  use.  These  physiologists  have  found,  that  from 
the  rootlets  of  a  plant  the  same  process  of  excretion  is  carried  on  as  by 
its  stem  and  leaves,  and  that  brown.coloured  substances  are  exuded, 
which  possess  much  analogy  with  tannin,  and  which  are  poisonous  to 
plants  of  the  same  kind  when  dissolved  in  the  water  with  which  their 
roots  are  supplied.  On  the  other  hand,  the  excretory  products  of  one 
plant  may  be  used  without  injury,  and  even  advantageously,  for  the 
growth  of  another  plant  of  a  different  natural  family ;  and  in  this  respect 
the  grasses  and  the  leguminous  plants  are  most  rpmarka-ble.  It  is  hence, 
probably,  for  example,  that  wheat  unfits  the  soil  for  the  growth  of  an. 
other  cnop  of  wheat,  not  merely  by  removing  the  potash  and  phosphoric 
acid  which  is  required  for  the  perfection  of  its  parts,  but  it  also  gives  out 
a  substance  poisonous  to  a  plant  of  the  same  kind,  but  which  acts  bene- 
ficially upon  the  rootlets  of  a  leguminous  plant,  favouring  its  growth, 
while  the  soil  has  lime  to  regain  from  the  subsoil  the  inorganic  mate- 
rials of  which  it  had  been  deprived. 

The  utility  of  manures  may  now  be  easily  understood ;  their  action  is 
either  as  bone-earth,  marl,  lime,  cinders,  or  silicious  gravel,  to  supply  to 
the  soil  some  mineral  ingredient  in  which  it  had  been  deficient,  or  to 
provide,  as  by  the  ordinary  vegetable  or  anil 
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ganic  matter,  which,  by  its  decomposition,  may  give  out  v9.fiiot,rr  i.,„id 
and  ammgniu  for  the  nutrition  of  the  young  [ilauts.  Iti  soma  it-w  .  urns 
Ihe  Rction  of  manures  is  more  indirect ;  thus  the  legtimmous  plams  [ire- 
foil)  require  but  Ihtle  inorganic  matter,  but  motli  nmmonin,  and  yet 
there  is  no  manure  so  efficient  in  the  promotion  oi'  tneir  growth  aa  plas. 
ler  of  Paris  (sulphate  of  lime).  The  plant,  however,  coniaina  no  sul- 
phate of  lime ;  it  is  not  absorbed.  The  action  o£  this  manure  uppcara 
to  be,  as  was  first  suggested  by  Liebig,  that,  actrng  on  liiose  subsiunces 
of  the  ulmine  family  which  always  retain  a  laigo  quantity  of  ammonia 
intimately  uniied  in  the  soil,  it  forms,  by  double  decoiupoaiiion,  ulrtiate 
of  lime  and  sulphate  of  ammonia,  which  last,  being  soluble,  is  easily  ab- 
sorbed by  the  rootlets  of  the  plant,  and  the  nitrogen  assimilated  to  its 

With  regard  to  organic  manures,  their  great  value  depends  on  the  pro. 
portion  of  nitrogen  thejf  supply.  In  plants,  the  great  mass  of  nitrogen  is 
always  deposited  in  organs,  as  the  seed,  the  tuber,  &c.,  which,  for  that 
very  reason,  are  sought  after  and  collected  by  man,  either  as  food,  or  for 
medicinal  purposes,  from  the  active  (azotized)  principles  they  contain. 
The  roots,  steins,  and  leaves  of  plants,  such  as  are  rejected  in  the  col- 
leeiion  of  the  crop,  contain  little  nitrogen,  they  being  rejected  as  useless 
for  that  very  reason.  Henee  the  residue  of  a  former  season  may  manure 
the  land  abundantly  so  far  as  carbon  is  concerned,  but  be  quite  incapable 
of  supplying  nitrogen,  and  in  providing  materials  for  a  future  abundant 
crop.  The  object  of  the  agriculturist  must  be,  so  far  aa  organic  mate, 
rial  is  concerned,  to  supply  nitrogen,  especially  for  such  plants  as  the 
different  species  of  corn,  which  are  incapable  of  deriving  that  important 
element  directly  from  the  atmosphere.  The  value  of  an  organic  manure 
may  therefore,  for  practical  purposes,  be  considered  as  being  mensured 
by  the  quantity  of  nitrogen  which  it  Contains,  and  the  directness  or  in- 
directness of  the  benefit  derivable  from  it  depends  upon  the  manner  in 
which  the  nitrogen  is  combined.  If  mere  ammoniacal  salts  be  used,  or 
materials,  as  animal  manures,  urine,  &c.,  which  soon  form  ammoniacal 
salts  by  their  putrefaction,  the  whole  benefit  of  the  manure  is  given  to 
the  crops  immediately  succeeding  its  application ;  but  if  organic  sub- 
stances be  employed  which  resist  decomposition,  their  nitrogen  is  evolved 
but  slowly ;  and  though  little  immediate  amelioration  be  observed  from 
their  addition  to  the  soil,  their  influence  is  gradually  and  steadily  exerted, 
and  becomes  ultimately  sensible  to  the  full  degree  proportional  to  the 
nitrogen  they  contain. 

A  mode  of  restoring  to  the  soil  the  principles  it  had  lost  by  indiscreet 
cultivation,  is  that  of  fallowing.  It  is  a  methud  synonymous  with  an 
ignorant  and  improvident  agriculture.  The  soil  having,  by  over  work, 
lost,  on  the  one  hand,  some  of  its  essential  mineral  ingredients,  requires 
tinie  to  gather,  by  the  decomposition  of  the  underlying  subsoil  or  rock, 
a  proper  quantity  of  them  to  supply  the  elements  of  the  succeeding  crops, 
and  having  been  deprived  of  its  organic  elements,  esjiecially  the  nitrogen, 
it  must  be  allowed  to  gain  from  the  atmosphere  a  suitable  quantity  of  am- 
monia, or  by  the  gradual  rotting  of  the  roots  of  the  preceding  crop,  a  quan- 
tity of  carbonic  acid  suitable  to  the  wants  of  that  which  is  to  follow.  But 
all  of  these  effects  may  be  more  perfectly  and  more  profitably  secured  by 
the  intervention,  in  a  succession  suitably  arranged,  of  other  crops,  which 
'  ie  upon  the  soil  actions  alternately  opposed.     Thus,  if  wo  arranga 
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that  wheat,  whicti  probably  removes  from  the  soil  a  greater  quantity  and 
a  greater  number  of  eiemenis  th^vn  any  other  crop,  shall  be  succeeded  by 
Bowii  grasses,  for  forage  or  hay,  which,  as  they  are  not  allosved  to  mature 
their  seodd,exei-cise  but  little  delertoi-ating  action  ;  iheSG,  again,  by  outs, 
tile  exhausting  power  of  which  is  but  one  sixth  that  of  wheat ;  tlien  pcasa 
or  beans  manured  ;  that  these  be  followed  by  barley,  the  exliaiiriting  power 
of  which  is  one  third,  and  this  by  a  manured  green  crop,  the  soil  may  be 
brought  into  a  eondiiion  superior  to  that  from  which  we  had  set  out,  and 
the  series  may  he  recommenced  with  whent,  the  soil  being  every  season 
economized.  This  is  but  one  of  the  many  kinds  of  rotation  which  have 
been  found  by  experienced  agriculturists  to  be  as  beneficial  in  practice  as 
theory  iudicales  that  they  ought  to  be ;  and  no  other  reason  can  be  assign- 
ed i'ur  allowing  a  field  to  lie  idle  every  second  or  third  yi^alr,  but  ignorance 
on  the  part  of  the  farmer  of  what  could  otherwise  be  done  with  it. 

it  remains  only  to  notice,  in  relation  to  the  theory  of  the  growth  of 
plants,  a  few  additional  eircumstances  connected  with  the  formation  of 
Gomo  of  their  peculiar  principles.  It  is  not  unusual  to  hear,  from  even 
intelligent  agriculturists,  objections  to  the  cultivation  of  certain  plants,  on 
the  grounds  of  their  exhausting  the  soil  too  mutih.  A  plant  exhausts  the 
Boil  only  in  consequence  of  its  lorming  in  proportional  quantity  some  sub- 
stance, the  elements  of  which  are  derived  from  the  soil,  and  which  con- 
stitute in  almost  every  case  the  valuable  portion  of  the  plant.  Wheal 
exhausts  the  soil,  because  it  derives  therefrom  the  largo  quantity  of  nitro- 
gen which  itsgrain  contains;  but  it  is  precisely  that  great  quantity  of 
nitrogen  which  renders  wheat  more  valuable  in  the  market  than  oats  or 
barley.  Tobacco  exhauaU  the  soil,  because  it  takes  up  abundance  of 
Diirogen,  with  which  it  forms  its  nicotine ;  the  more  of  the  active  princi- 
ple the  plant'  produces,  the  more  it  exhausts  the  soil;  but  in  the  same 
proportion,  the  greater  value  does  it  possess  when  sold.  To  produce 
indigo,  nitrogen  must  be  supplied  to  the  plants  by  abundance  of  rich 
manure;  no  crop  is  more  exliausting  ;  but  without  the  nitrogen  no  col- 
ouring matter  could  he  formed,  and  the  plant  would  be  completely  worth- 
less. Examples  of  this  kind  might  be  adduced  inanynumber;  but  these 
suffice  to  place  in  a  distinct,  though  popular  aspect,  the  general  principle, 
that  whore  a  plant  exhausts  the  soil,  especially  as  to  its  nitrogen,  it  is  for 
the  production  of  the  substance  which  gives  tho  plant  its  commercial 
value  and  importance,  and  that  hence  the  quantity  of  manure  necessary 
for  the  production  of  an  abundant  crop  is  fully  repaid  by  the  improved 
quality  of  tho  produce. 

Without  seeking  to  enter  into  the  general  question  of  the  influence  of 
the  physical  agents  on  vegetation,  which  for  its  discussion  would  require 
more  extended  hmits,  and  lead  to  considerations  too  far  removed  from 
chemistry  to  justify  its  introduction,  I  shall,  in  concluding  this  akotch  of 
the  chemistry  of  vegetation,  notice  ttie  peculiar  action  which  light  exer- 
cises upon  plants.  It  is  not  merely  that  it  acts  as  a  general  stimulus,  and 
thus  provokes  the  activity  of  nutrition,  which  detei:ni.ines  the  ultimate  re- 
sult of  the  purifioalion  of  the  atmosphere  by  plants,  and  that  its  vvithdrawl 
al  is  followed,  with  plants  as  with  higher  beings,  by  a  torpor  and  tendency 
to  rest,  which  closes  their  petals,  and  folds  their  leaves  at  night.  But  iii 
the  production  of  the  coloured  parts  of  plants  the  agency  of  light  is  indis. 
pensable.  A  plant  which  grows  in  darkness,  as  in  the  gallery  of  amino, 
no  matter  to  what  size  its  form  niay  reach,  by  means  gf  a  copioussiijipiir 
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of  food,  remains  soft,  its  wood  unformed,  ils  colour  pale;  the  chlorophyll 
not  being  generated,  unless  ui.der  the  influence  of  light.  For  culinary 
purposes,  precisely  this, effect  ia  produced  by  covering  up  the  slema  of 
celery  and  asparagus,  the  softness  und  whiteness  admired  upon  the  table 
being  the  evidence  of  the  sick  and  abortive  organization  of  iho  stem. 

The  action  of  light  in  favouring  the  production  of  colour  in  plants  ig, 
however,  accompanied  by  a  more  material  change.  The  petals,  and  all 
coloured  parts  of  plants,  except  the  leaves,  absorb  oxygen  from  ihe  air. 
This  is  precisely  what  we  find  a  number  uf  bodies  to  elTecl,  when  pass- 
ing from  their  colourless  condiiion  to  that  in  which  their  proper  colour 
is  displayed.  Thus  while  iadigo  becomes  blue  by  absorbing  oxygen. 
Thus  rocelline,  by  absorbing  oxygen  and  giving  ofF  water,  forms  ery. 
throlitniic  acid,  h  is  thus,  too,  by  deoxidizing  agents,  we  may  remove  the 
colour  from  logwood,  archil,  and  the  flowers  of  most  plants,  and  restore 
their  tints  by  again  admitliiig  it.  Frequently,  also,  the  genei'aiion  of  the 
coloured  substance  is  accompanied  not  merely  by  an  absorption  of  oxy. 
gen,  but  by  an  escape  of  carbonic  acid  ;  this,  which  is  shown  in  the  la- 
boratory in  forming  orceine  from  eryihrine,  appears  to  take  place  in  the 
tissues  of  most  flowers,  which  rapidly  give  out  carbonic  acid  for  some 
time  after  they  have  first  opened. 

Id  similar  actions,  carried  on  in  tile  laboratory  by  means  of  chlorine, 
the  influence  of  light  id  furthering  the  removal  of  hydrogen,  and  even  of 
carbon,  if  water  be  present,  is  most  remarkable,  and  illustrates  the  opera- 
tion of  that  physical  agent  in  producing  the  colours  of  plants  in  a  distinct 
and  satisfactory  way.  This  action  has  been,  however,  so'  fully  noticed 
in  describing  the  general  chemical  agencies  of  light  (p.  172)  and  the  ac- 
tion of  chlorine  on  colouring  mailers  (p.  632),  that  1  deem  it  necessary 
only  to  refer  to  what  has  been  there  said  upon  the  subject. 


CHAPTER  XXX. 

OF   ANIMAL  CHEJIISTET 

In  describing  the  various  classes  of  organic  bodies  wh  1  I  a  e  h  1  o 
come  under  our  notice,  I  have  made  no  distinction  as  to  h  an  in  1  or 
vegetable  origin,  for  the  point  of  view  under  which  they  ve  e  hen  con 
sidered,  and  the  properties  which  ihey  manifested,  we  e  d  penden  of 
their  source.  It  was  thus  with  ethal,  the  fatly  acids,  a  d  colou  ng  n  a 
ters;  and,  indeed,  in  many  instances,  the  same  substances  e  e  found  o 
be  products  of  both  kingdoms  of  organized  nature.  In  he  p  e  en  chap 
ter  i  purpose  to  describe,  so  for  as  our  accurate  knowied  e  ex  c  da  he 
chemical  history  of  those  bodies  which  I  characterized  n  ano  1  e  place 
(p.  468)  as  being  rather  organized  than  organic;  as  cons  u  n  o 
merely  a  product  of  the  vita!  operations  of  the  being,  bu  he  ne  Ian  sn 
itself  by  which  these  vital  operations  are  carried  on ;  as  mal  ng  pa  of 
the  tissues  essential  to  its  proper  organization  and  1  fe  a  d  as  b  n 
!i  with  the  animal,  and  participating    n       I  fe  p  o  cc 
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ed  from  the  truly  chemical  reactions  of  their  proper  elements,  whi»,h, 
after  llio  death  of  llie  animal,  especially  in  contact  with  uir  and  water, 
rapidly  assume  simpler  forms  of  union,  and,  brealdng  up  the  complex  an- 
imal tissue  into  a  crowd  of  binary  compounds,  induce  tlie  chunge  well 
known  aa  putrefaction. 

In  connexion  with  these  substances,  which  form  the  basLs  of  the  tissues 
and  organs  of  the  aiiimal  frame,  1  will  bring  under  survey  the  processes 
by  which,  fj'um  the  atmosphere,  or  Irom  the  materials  of  our  food,  the 
substance  of  our  organs  is  continually  renewed,  their  growth  provided 
for,  and  ihe  conditions  necessary  for  the  continuance  of  health  and  life 
maintained.  The  functions  of  respiration  and  of  digestion,  so  far  as  the 
chemical  phenomena  which  they  embrace  are  known ;  the  composition  of 
those  secretions  and  excretions,  whose  agency  in  the  furtherauce  of  those 
processes  has  been  studied,  will  here  be  described  ;  and,  finally,  the  com- 
position of  those  excretions  which  have  for  their  office  the  separation  of 
elements  unfil  for  the  nulrition  of  the  beings,  or  which  are  not  intended 
for  its  support. 

In  each  of  these  divisions  I  shall  add  to  the  description  of  the  compo* 
sition  and  properties  of  these  tissues  or  secretions  in  llie  state  of  healih, 
such  facts  in  reference  lo  the  modifications  introduced  by  disease,  aa 
have  been  observed  with  proper  accuracy. 

SECTION  I. 

or  THE  COMPOSITION  OF  THE  ANIMAL  TISSUES. 

A.  Of  the  Albuminous  Materials  of  the  Tissues. 
Of  Fibrine. 

This  substance  constitutes  the  basis  of  the  muscular  tissue,  and  forms 
an  important  constituent  of  tiie  blood.  In  the  latter  it  exists  dissolved 
during  life,  but  separates  after  death  or  extraction  from  the  body,  produ- 
cing, with  tho  colouring  material,  the  phenomenon  of  coagulation.  In 
the  muscles,  the  fibrine  is  arranged  in  a  truly  organized  and  living  con- 
dition, constituting  the  contractile  fibres,  in  which  it  is  so  interwoven 
Vviih  nervous  and  vascular  filaments  as  to  render  its  isolation  impossible. 
To  obtain  pure  fibrine,  therefore,  we  have  recourse  to  blood,  which,  if  im- 
mediately on  being  drawn  it  be  briskly  agitated  with  a  little  bundle  of  twigs, 
does  not  coagulate,  but  the  fibrine  is  deposited  on  the  twigs  in  soft  tenacious 
manses,  which,  being  washed  to  remove  any  adhering  colouring  matter, 
and  digested  in  alcohol  and  ether  to  remove  some  traces  of  fatly  substan. 
ces  which  adhere  to  it,  constitute  pure  fibrine,  wliich  may  be  dried  by  a 
gentle  heat,  and  appears  then  as  a  yellowish  opaque  mass,  hard,  tasteless, 
and  inodorous  :  if  it  be  at  all  iransparent,  this  I'esults  from  traces  of  ad- 
hering fat.  It  is  insoluble  in  water,  alcohol,  and  ether  ;  it  absorbs,  how- 
ever, so  much  water  as  to  treble  its  weight,  and  thereby  recovers  the 
volume,  softness,  and  flexibility  it  possessed  before  being  dried.  Thia 
moisture  is  not  sensible  to  the  hand,  but  by  strong  pressure  between  folds 
of  bibulous  paper  it  may  be  removed,  and  the  fibrine  rendered  complete- 
ly dry.  When  boiled  with  water  for  a  great  length  of  time,  fibrine  is  de- 
composed and  dissolves,  but  it  does  not  form  any  kind  of  gelatine. 

Fibrine  is  remarkable  for  decomposing  deiitoxide  of  hydrogen  rapidly 
by  catalytic  force  (p.  235,  258),  evolving  oxygen.  Several  of  the  animal 
tissues  produce  this  effect,  though  not  coniaining  fibrine.  "  Albumou  ia^ 
however,  totally  destitute  of  it. 
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Fibrine  absorbs  cold  oil  of  vitriol,  and  swells  nfj  to  a  yellow  transpa- 
rent jeliy.  On  the  addition  of  water.  It  slirinka  up  and  becomes  liaid  ; 
but  if  all  the  excess  of  aeid  be  washed  away,  the  residual  mass,  which  is 
a  neutral  compound  of  fibrine  and  sulphuric  acid,  dissolves  in  pure  water. 
Willi  nitric  acid,  fibrine  evolves  nitrogen  and  niEnc  oxide,  and  forms  a 
yellow  powder,  xanthoproteic  acid,  to  which  I  snail  aliorily  recur.  Tri- 
basic  phosphonc  acid  and  acetic  acid  dissolve  librine.  .'i'he  solution  is 
precipitated  by  the  mineral  acids  and  by  caustic  potash,  an  excess  of 
which  last,  however,  redissolves  the  precipitate.  The  mono,  or  bibasic 
phosphoric  acids,  act  as  sulphuric  acid  towards  fibrine.  If  perfectly  dry 
fibrine  be  digested  in  strong  muriatic  acid,  it  swells  upland  after  a  few 
minutes  dissolves  into  a  rich  dark  blue  liquia.  No  gas  is  evolved.  Tbis 
blue  liquor  is  precipitated  by  yellow  prussiate  of  potash. 

Fibrine  is  dissolved  even  by  a  dilute  solution  of  caustic  potash,  and 
appears  thereby  to  neutralize  the  alkali  almost  completely.  This  solu- 
tion is  coagulated  by  alcohol  and  by  aeids,  but  not  by  beat.  The  pre- 
cipitates given  by  acetitf  and  tribasic  phosphoric  acids  are  redissolved  by 

-If  sulphate  of  soda  or  nitrate  of  potash  be  added  to  newly-drawn  blood, 
its  coagulation  is  prevented  ;  and  if  fibrine  be  digested  in  a  strong  solution 
of  nitre,  it  dissolves,  forming  a  thick  liquid,  which  is  coagulated  by  heat, 
by  alcohol,  and  acids,  and  is  precipitated  by  the  salts  of  mercury,  lead,  and 
copper,  and  by  yellow  prussiate  of  potash.  This  property  of  fibrine  will 
again  come  under  notice. 

The  composition  of  fibrine  is  expressed  by  the  formula  CbooHko  .  N,a, 
Omo+P-Sj.  It  contains,  besides,  minute  quantities  of  lime  and  magne- 
fiia,  BO  that,  when  incinerated,  it  leaves  0'77  per  cent,  of  sulphates  and 
phosphates  of  those  bases. 

Of  Albumen. 

This  substance  is  even  more  extensively  distributed  through  the  animal 
frame  than  fibrine.  Like  librine,  it  exists  in  two  conditions,  one  soluble, 
and  the  other  insoluble  in  water ;  but  whereas  the  fibrine  becomes  insol- 
uble almost  instantly  on  being  withdrasvn  from  the  body,  albumen. may 
retain  that  state  for  an  indefinite  time,  and  its  history  is  therefore  more 
complete.  In. its  soluble  form  it  exists  in  the  blood,  the  egg,  in  the  serous 
secretions,  in  the  humours  of  the  eye,  &c, ;  in  the  soluble  or  coagulated 
form,  it  constitutes  a  portion  of  most  of  the  solid  tissues.  Albumen  de- 
rives its  name  from  its  constituting  the  mass  of  white  of  egg. 

Soluble  Albumen, — This  is  obtained  in  the  solid  form  by  evaporating 
to  dryness,  at  a  temperature  which  does  not  exceed  120°,  the  serum  of 
blood,  or  white  of  egg,  the  membranous  investments  of  the  latter  having 
been  torn  up  by  triturating  with  some  angular  fragments  of  glass.  The 
dry  mass  is  yellow,  transparent,  hard,  tough,  and  contains,  besides  the 
albumen,  the  salts  and  some  other  constituents  of  the  blood,  or  white  of 
egg,  in  minute  quantity.  These  are  extracted  by  digestion  in  alcohol 
and  elher,  which  leave  the  albumen  pure.  When  thus  compleiely  di-y, 
it  may  be  heated  beyond  21SP  without  passing  into  the  coagulated  condi 
lion.  If  digested  in  cold  water,  it  gradually  swells  up,  and  finally  dis. 
solves.  This  solution,  when  heated  lo  a  temperature  between  140°  and 
150°,  coagulates.  If  dilute,  the  solution  may  even  be  heated  to  165" 
without  coagulating,  and  when  present  in  very  small  quantity,  the  albu- 
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men  may  not  separate  until  the  water  boils.  When  once  coagulated  in 
this  manner,  uibunien  is  totally  insoluble  in  water  j  it  is  changed  into  its 
second  form.  The  solution  of  albumen  is  precipitated  by  alcohol,  by 
acids,  aud  metallic  salts,  exactly  as  the  solution  of  fibrine  in  saltpetre. 
The  only  distinction  that  can  be  drawn  between  the  two  is,  thaC  the  aalina 
galutton  of  fibrine  is  partially  decomposed  by  the  addition  of  a  large  quan- 
tily  of  water. 
,  The  precipitates  yielded  by  solution  of  albumen  wilh  metallic  salts  are 
mixtures  of  two  disliact  substances,  one  a  compound  of  albumen  wilh  the 
acid,  ihe  other  a  compound  of  albumen  with  the  metallic  oxide.;  the  for- 
mer is  generally  somewhat  soluble,  the  latter  insoluble ;  and  hence  results 
the  application  of  albumen  as  an  antidote  lo  mineral  poisons,  as  corrosive 
sublimate  uod  bluestune. 

■Albumen  is  also  coagulated  by  many  organic  bodies,  as  tannic  acid 
and  krcosoie,  which  last  acts  catalytic  ally,  as  a  very  minute  quantity  of 
it  coagulates  a  large  quantity  of  albumen,  without  entering  into  combiaa- 
tiOB  with  it. 

Coagulaled  AlbuTnen  is  obtained  by  heating  serum  oftheblnod,  or  white 
of  egg,.to  between  140°  and  150°,  so  that  they  solidify;  washing  the  mass 
with  water,  digesting  with  alcohol  and  ether  until  all  soluble  is  removed, 
and  then  drying  with  care.  Thus  prepared,  it  retains  some  inorganic 
salts,  principally  phosphate  of  lime,  from  which  it  may  be  obtained  free 
aa  follows:  The  serum  of  the  blood  is  to  be  coagulated  by  muriatic  acid  ; 
the  coagulura  washed  with  acidulated  water,  and  then  so  much  pure  water 
added  as  may  dissolve  it.  This  solution  being  then  decomposSi  by  car- 
bonate of  ammonia,  the  pure  albumen  is  separated  as  a  flocculent  white 
precipitate. 

When  dry,  it  is  yellow  and  transparent ;  in  every  chemical  character 
except  its  relation  to  deuloxide  of  hydrogen,  it  identifies  itself  with  fibrine, 
and  it  is  hence  unnecessary  to  repeat  the  details  of  these  reactions ;  in 
,  its  composition  it  is  very  closely  related  to  Jt ;  then  organic  element  is 
the  same,  and  they  differ  only  in  the  quantity  of  sulphur,  the  formula  of 
albumen  being  CiooHso  ■  N,o[,02,o+ P.S,.  The  quantity  of  aahes  remain- 
ing from  albumen  is  greater  than  from  fibrine. 

The  comparative  history  tif  these  bodies,  as  now  given,  leads  to  con- 
siderable doubt  as  lo  how  far  they  are  chemically  distinct,  although  their 
physiological  characters  are  so  different.  Mulder,  to  whose  accurate 
.  researches  we  are  indebted  for  the  greater  part  of  our  knowledge  of  the 
jonsLilution  of  these  bodies,  looks  upon  both  as  compounds  of  the  real 
urganic  substance,  which  he  terms  Proteine,  wilh  sulphurets  of  phos- 
phorus. In  fact,  the  sulphur  and  phosphorus  may  be  removed  by  very 
simple  methods,  and  the  body  (proteine)  which  then  remains  deserves 
attentive  study. 

When  albumen,  fibrine,  cheese,  or  flesh  is  freed,  by  digestion  in  wa- 
Iftr,  alcohol,  and  ether,  from  all  bodies  soluble  in  these  liquids,  and,  by 
dilute  muriatic  acid,  all  earthy  salts  have  been  removed,  it  is  to  be  dis. 
solved  in  a  dilute  solution  of  caustic  potash,  and  heated  to  120",  whereby 
the  sulphur  and  phosphorus  form  phosphate  of  potash  and  sulphuret  of 
potassium.  From  the  filtered  liquor  the  proteine  may  then  be  precipi- 
tated by  acetic  acid,  which  must  be  added  only  in  very  slight  excess,-a8 
otherwise  the  precipilate  would  be  redissolved. 

Proteine  forms  grayish- white  gelatinous  flocks,  which,  when  dried,  ba- 
4  P 
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come  hard  and  yellow,  and  give  an  amber-colouvcd  powder.  If  absorbs 
*ater,  swells  up,  and  regains  the  appearance  it  had  before  being  dried. 
By  long  boiling  wiih  water  it  is  decomposed  and  dissolved. 

Proteiiie  dissolves  in  all  very  dilule  acids,  forming  neutral  coiYipounda 
whicli  fire  insoluble  in  strong  acid  liquors,  and  are  lienee  precipituled  on 
the  addition  of  strong  acids,'  except  llie  acetic  and  tribasic  |>liospboric 
acids.  With  oil  of  vitriol  it  combines  as  described  under  the  head  of 
fibrine,  and  forma  JProleostdplmric  Acid.  It  combines  also  witli  earthy 
and  metallic  oxides,  fomiing  insoluble  compounds,  which  are  identical  in 
ctmmcicxs  with  those  obtained  with  albumen. 

The  composition  of  proteine,  aa  found  by  Mulder,  and  confirmed  by 
the  analyses  of  its  acid  and  basic  combinations,  is  ej(prcssed  by  the  for- 
mula CjoHai.  NsO|).  We  may  evidently  consider  albumen  and  fibrine 
as  compounds  of  proteine;  for  if  we  represent  proteine  by  the  sjmbo! 
Prt.,  albumen  becomes  Pi-Im+P.Sj.  and  fibrine  is  Prl^o+P.Sa-  I  consider, 
,  however,  thai  the  state  of  combination  of  these  bodies  requires  some  far- 
ther consideration. 

It  is  found  that  proteine  constitutes  the  basis,  not  merely  of  the  animal 
substances  now  under  examination,  but  that  it  is  obtained  also  from  ve- 
getable albumen,  gluten,  and  legureiioe  {p.  538),  and  constitutes  the  pure 
caseous  matter  of  milk,  and  thai  the  similarity  of  properties  and  compo- 
sition in  these  bodies  ia  such  as  to  justify  us  in  looking  upon  ihem  as 
iilentical.  We  have  seen  that,  between  albumen  and  fibrine,  the  dis. 
tinclive^hemical  characters  are,  if  any,  so  trivial  as  to  leave,  no  firm 
groundlfir  their  distinction  in  that' way;  and  if  we  examine  the  evidence 
of  their  being  compounds  of  proteine  with  sulphur  and  phosphorus,  we 
shall  find  them  quite  inconclusive.  First,  it  is  not  certain  that  such  sul- 
phuret'j  of  phosphorus  exist  aa  P.Sj  and  P  S, ;  second,  the  compounds  of 
sulphur  and  phosphorus  do  not  manifest  any  tendency  whatsoever  to 
combmation ;  and,  third,  in  all  the  reactions  of  albumen  and  fibrine,  (he 
proteine  on  the  one  hand,  the  sulphur  and  phosphorus  on  the  other,  act 
as  if  they  were  totally  distinct.  I  look  upon  albumen  and  fibrine,  while 
in  connexion  with  the  body,  as  organized  and  living  substances,  in  whose 
functions  the  minute  quantity  of  sulphur  and  phosphorus  rnay  act  an  im- 

Sortant  part  as  a  catalytic  body.  The  proteine  1  consider,  not,  with 
lulder,  as  the  basis  of  our  tissues,  but  as  the  simplest  product  of  their 
decomposition.  It  enters  in  combination  with  acids  and  with  bases,  as 
indigo  or  morphia  do,  which  I  loolt  upon  as  totally  foreign  to  the  char- 
acter of  a  body  possessed  of  vital  properties. 

Having  thus  described  what  I  consider  to  he  the  true  place  of  proteine, 
in  relation  to  albumen  and  fibrinei  I  shall  briefly  notice  some  of  its  de- 
rived compounds. 

Chloroproleic  Acid  is  formed  by  passing  chlorine  into  a  solution  of  al. 
bumen.  It  is  a  white  powder.  Its  formula  is  C^Hs,  .  NsOu-j-CI.Oj. 
By  ammonia  it  is  decomposed,  nitrogen  being  evolved,  and  a  white  sub- 
stance formed,  Oxijproteine,  the  formula  of  which  ia  C,oH3i  .  NjOu. 

The  formation  of  Xanihdproteic  Acid,  by  the  action  of  nitric  acid  on 
fibrine,  has  been  already  noticed.  It  is  an  orange.yellow  powder ;  when 
washed  from  adhering  acid,  tasteless  and  inodorous,  but  reddens  moist 
litmus  paper.  Insoluble  in  water,  alcohol,  and  ether,  it  unites  with  acids, 
forming  compounds  which  are  pale  yellow,  and  insoliible  ;  with  bases  it 
forms  soluble  salts,  generally  deep  red  coloured.  Its  formula  is  Cjjijs , 
K.Oii. 
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B.  Oftlie  Gelalinous  Constituents  of  the  Tissues. 
Of  Gelatine. 

When  the  skin,  CBilulai"  or  serous  tissues,  tendons,  and  some  forms  of 
cartilage,  as  that  of  bones,  are  boiled  in  water,  they  dissolve  in  great  jiart, 
and  form  u  soluiinn  which  gelalinizf^s  on  cooling.  Some  of  these  tissues, 
uS  ihe  sl(in,  dissolve  easily,  and  almost  completely;  others  dissolve  but 
pn.rtly,  and  leave  behind  a  quantity  of  congulaled  albumen.  In  most 
kinds  of  cartilage,  a  very  prolonged  boiling  is  necessary  tu  extract  any 
sensible  quantity  of  gelatine.  Tiiese  various  tissues  are  thus  Iband  to 
consist  of  albumen  and  gelatine,  united  in  various  proportions,  and  each 
presenting  various  degrees  of  condensation  of  texture,  but  by  boiling  they 
may  be  completely  separated  from  each  other. 

The  gelatine  is  known  in  commerce  as  the  malerial  of  isingla-is  and  of 
common  glue.  When  pure  it  is  colourless  and  transparent,  very  spa- 
ringly soluble  in  cold  water,  by  contact  with  which,  however,  it  swells 
up  and  softens.  In  hot  water  it  dissolves  readily,  and  on  cooling,  forms 
so  sjrong  a  jelly,  that  with  ^^^th  part  it  is  a  consistent  solid.  It  is  insolu- 
ble  in  alcohol  and  e'.her.  When  a  solution  of  gelatine  is  long  exposed 
to  the  air,  or  frequently  healed  and  cooled,  it  undBrgoes  a  commencement 
of  putrefaction,  and  loses  its  property  of  gelatinizing.  The  composition 
of  gelatine,  by  Mulder's  analyses,  is  expressed  by  the  formula  Cuil,,, 

The  action  of  reagents  on  gelatine  is  in  some  cases  of  high  interest. 
By  digestion  with  strong  sulphuric  acid,  as  with  caustic  potash,  the  same 
results  are  obtained.  Ammonia  is  evolved,  a  white  crystallina  body 
(Leucine)  and  a  sweet  substance  (Sugar  of  Gelatine.)  are  formed.  Tliey 
are  separated  from  each  other,  and  from  some  less  important  products, 
by  repeated  crystallizations.  From  its  alcoholic  solution.  Leucine  sep- 
arates in  brilliant  colourless  plates.  It  feelii  greasy,  is  tasteless  and  ino- 
dorous ;  heated  to  336",  it  sublimes  totally  unchanged.  It  dissolves  in 
twenty-eight  parts  of  cold  water,  but  requires  625  parts  of  alcohol,  and  is 
insoluble  in  ether  ;  its  formula  is  CuHu  .  N.O,.  It  combines  with  nitric 
acid  to  form  Nitroleucic  Acid,  which  crystallizes  in  brilliant  needles,  and 
forms  with  bases  neutral  salts.    lis  formula  is  C,iHi3 .  N.O^-j-N.OjAq. 

The  Sugar  of  Gelatine  crystallizes  from  its  solution  in  alcohol,  by  spon. 
taneous  evaporatioo,  in  large  prisms,  which  are  colourless,  laste  sweet, 
and  feel  gritty  between  the  teeth.  It  is  decomposed  by  heat.  At  60°  it 
dissolves  in  five  parts  of  water,  but  it  is  sparingly  soluble  in  alcohol  and 
ether.  The  crystals  consist  of  C,eH„  .  N,0,i+3  Aq.  It  forms,  with 
bases,  well-characterized  compounds,  and  unites  also  with  nitric  acid. 

When  acted  on  by  bhlorine,  gelatine  is  converted  into  a  white  floccu. 
lent  substance,  insoluble  in  water,  but  dissolved  by  an  excess  of  gelatine. 
Its  composition  is  expressed  by  the  formula  CsiH«i .  NsOju+Cl.O,.  con- 
sisting, therefore,  of  four  atoms  of  unaltered  gelatine  and  one  alom  of 
chlorous  acid.  Gelaline  is  not  precipitated  either  by  solutions  of  ordina- 
ry or  of  basic  alum  ;  but  if  a  solution  of  common  salt  be  also  mixed,  the 
gelatine  falls  down,  combined  with  alumina,  as  it  decomposes  the  muri. 
ate  of  alumina  which  is  then  formed.  On  this  principle  is  founded  the 
manufacture  of  white  leather,  by  a  kind  of  tanning  with  alum. 

The  most  important  compound  of  gelatine  is  that  with  tannic  acid, 
wbich  constitutes  ordinary  leather.     This  reaction  is  so  distinct,  that  one 
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part  of  gelatine  in  5000  of  water  b  at  once  detected  by  llie  infusion  of 
galls.  The  constitution  of  tlie  (irecipitato  varies  according  as  one  or 
other  of  these  materials  is  employed  in  excess,  the  tannic  acid  aniJ  ge- 
latine being  capable  of  uniting  in  at  loasl  three  different  proportions;  100 
parts  of  dry  gelatine  combine  wiih  138  parts  of  tannic  acid,  when  the 
latter  is  in  great  excess  :  this  compound  contains  an  aiom  of  each  ingre- 

'J'lie  technical  applications  of  gelatine  are  numerous,  and,  for  the  most 
pan,  well  known.  For  giueing  together  wood,  paper,  &c.,  tliickening 
colours,  filling  up  the  pores  of  writing  paper,  and  as  isinglass  and  calves' 
feel  jfliy,  an  article  of  food,  it  is  abundantly  employed  ;  but  its  moHt  im. 
portant  use  is  in  the  manuracluro  of  leather.  The  skins  are  cleaned  by 
digestion  with  lime  and  scraping  wiih  a  knife,  from  the  liairand  epider- 
mis on  the  one,  and  the  loose  cellular  tissue  on  the  other  side,  and  then 
steeped  in  pits  containing  an  iufusion  of  oak  bark,  valpnia,  sumach,  or 
other  of  (he  substances  rich  in  tannic  acid  (p.  601).  At  first  the  tan- 
ning liqiior  is  used  very  weak,  as  otherwise  the  surface  of  tfie  skin  would 
become  impervious,  and  the  interior  could  npt  afterward  be  tanned  ;  but 
having  passed  through  a  succession  of  liquors  gradually  becoming  slroVig- 
cr,  the  skins  are  in  the  last  pit  interstratitied  with  oak  bark,  and  so,  for  a 
considerable  time,  submitiad  to  ilie  action  of  the  tannic  acid  in  its  high- 
est statu  of  concentration,  until  the  conversion  into  leather  is  complete 
throughout  the  entire  substance.  Tlicy  are  then  removed,  and  subjected 
to  finishing  and  cleaning  processes,  which  I  need  not  notice. 

Many  chemists  consider  timt  gelatine  is  merely  a  product  of  the  de- 
composition of  albumen  or  fihrin'e  by  boiUng  water,  and  not  a  true  con- 
stituent of  the  tissues.  I  believe  this  idea  to  be  incorrect  on  the  follow- 
ing grounds;  First,  pure  fibrine,  or  albumen,  gives  no  gelatine  by  boil, 
ing ;  second,  in  the  process  of  tanning,  the  tannic  acid  combines  with  ge- 
latine in  a  skin  which  has  never  been  boiled  ;  and,  third,  that  we  can 
easily  understand  why  some  tissues  give  gelatine  more  easily  than  others 
by  the  dilTorent  degrees  of  condensation  in  their  structure  ;  but  I  rather 
consider  tliat  gelatine  bears  the  same  relation  to  the  organized  tissue  oi 
Ihe  skin  or  cellular  membrane  that  proteSne  does  to  the  fibrine  of  the 
blood,  being  really  a  product  of  its  death  and  decomposition,  though  the 
only  representative  of  it  which  we  can  have. 

Ckondrine, — Those  cartilages  in  which  bone  is  not  deposited,  aro  re. 
solved  by  boiling  into  a  substance  possessing  much  analogy  to  gelatine, 
but  still  distinguished  from  it  by  the  following  properties  :  it  precipilales 
solutions  of  alum,  sulphate  of  iron,  and  acetate  of  lead,  and  is  precipita- 
ted by  acetic  acid,  none  of  which  bodies  have  any  action  on  ordinary  ge. 
latine,  which.  However,  chondrine  resembles  in  all  its  other  characters  j 
in  composition,  however,  it  differs,  its  formula  being,  by  Mulder's  anal- 
ysis, CjoH„.NbO,  ;  it,  however,  contains  a  trace  of  sutjihur,  its  complete 
formula  being  CjaoHan  -  N^oOiw+S.  The  physiologist  Muller,  to  whom 
the  discovery  of  chondrine  is  due,  considers  that  the  skeleton  of  cartila- 
ginous fishes  yields  a  third  variety  of  gelatine. 

C.  Of  ihe  fatly  Constihienls  of  the  Tissues. 
The  fatty  bodies  already  described  in  Chapter  XXIII.,  although  con- 
tributing essentially  to  the  support  of  the  animal  frame,  are  mere  secre- 
tions, and  do  not  form  any  portion  of  its  organiaed  tissues.     The  sub- 
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Stances  properly  included  under  the  present  head  are  thp,  conslilupnts  of 
the  nervous  tissue,  such  as  it  ia  found  in  the  brain,  tlie  ■iti\m\  cord,  aud 
nerves. 

In  the  composilion  of  the  brain  it  in  possible  to  distinguish  at  least 
three,  perhaps  five,  distinct  substances  of  a  tiitty  nature  ;  the  moat  char- 
acterisiic  and  imporianl  is  termed  Cerehrote  :  its  mode  of  preparation 
can  easily  be  gathered  from  its  character  a  ;  it  is  a  white  powder,  taste- 
leaa  and  inodoruns,  feeling  not  at  all  greasy,  but  tike  starch  ;  when  heat, 
edi  ic  does  not  melt  until  it  has  beconne  brown,  and  in  great  part  decom- 
posed ;  it  is  insoluble  in  wateiy sparingly  soluble  in  alcohol  or  ether  when 
cold,  but  abundantly  when  hot ;  on  cooJiug,  it  is  deposited  from  its  aluo. 
holic  solutiitn  as  a  white  powder,  not  at  all  crystalline  ;  it  is  not  acted 
upon  by  alkalies.  In  composition  it  resemblas  albumen.  Containing  a, 
large  quantity  of  nitrogen,  with  sulphur  and  (>hosphorus  in  minute  quan- 
tity, bui  its  precise  formula  cannot  be  considered  as  being  yet  established. 

Cerebral  is  a  liquid  reddish  oil,  having  the  odour  of  iVesh  brain,  and  a 
disagreeabie  rancid  taste.  It  is  solublo  in  all  proportions  in  ethet  and 
in  oils,  but  only  moderately  so  in  alcohol.  It  cuuLaias  the  same  elements 
aa  the  cerabrote,  and  apparently  in  nearly,  if  not  exactly,  the  same'  pro- 
portions; but  the  analyses  oF  Couerbe,  who- aloiii;  has  examineiJ  their 
composhion,  are  not  auitientio  enough  to  be  brought  forward.  'I'he  cer- 
ebrol  is  not  saponifiable,  nor  is  it  in  any  way  altered  by  digestijin  with 
caustic  alkalies. 

In  addition  to  these  two  bodies,  the  brain  conlairis  a  large  quantity  of 
a  substance,  which,  from  having  been  first  discovered  as  a  coristiluent  of 
biliary  calculi,  is  termed  Clio/esterins ';  it  is  insoluble  in  water,  but  dis- 
solves abundantly  in  boiling  alcohol^  from  which  it  crystallizes,  on  cool- 
ing, in  brilliant  plates;  it  melts  at  290°,  and  sublimes  panially  by  a 
stronger  heat ;  it  dissolves  readily  in  ether  ;  it  is  not  altered  by  caustic 
alkalies  ;  its  formula  is  CgeHjjO.  By  treatment  with  hot  nitric  acid,  it 
is  converted  into  a  substance  which  crystallizes  in  yellow  needles,  and 
forms,  with  bases,  yellow  salts.  This  is  Choksterie  Acid,  the  formula  of 
which  appears  to  be  CjeHbo  -  N.O,a. 

Couerbe  has  described  as  constituents  of  the  brain  two  other  fatty  bod. 
ies,  Cephahl  and  SteurocenoL:  theyare  brown  coloured  resinous  bodies, 
which,  I  consider,  will  most  probably,  on  re-examination  of  the  subject, 
be  found  to  be  impure  or  decomposed  mixtures  of  cerehrote  and  cepha- 
loi.  I  hence  only  indicate  their  supposed  existence.  The  cholesterine 
I  look,  upon  as  being  deposited  in  the  brain  as  ordinary  fat  is  in  the  cel- 
lular tissue,  or  in  the  substance  of  other  organs,  and  not  as  making  up  an 
essential  portion  of  the  nervous  tissue.  This  idea  is  strengthened  by  the 
fact  that  the  cholesterine  frequently  aggregates  in  the  brain  in  masses, 
forming  one  variety  of  the  fatty  tumours  of  that  organ. 

D.  OflJte  Saline  and  Extractive  Consliluenis  of  the  Thsues. 
We  find  in  all  the  animal  tissues  small  quantities  of  a  great  variety  of 
sahs,  the  same  as  those  which  will  be  hereai^er  noticed  as  existing  in  the 
blood,  to  the  presence  of  which  in  the  substance  of  the  tissues  they  are 
probably  due.  In  the  tissue  of  the  bones  and  teeth,  however,  these  sa. 
line  matters  are  deposited  in  much  greater  quantity,  and  in  disease  and 
in  old  age  bony  deposites  occur  in  all  those  tissues  which  yield  true  ge- 
latine on  boiling.  The  composition  of  the  bones  and  teeth  will  be  here- 
after noticed. 
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The  extriiclive  mailers  of  the  tissues,  like  the  extractive  matter  of 
plnnla  (p,  612),  do  not  pre-exist  as  such,  but  are  formed  by  tlio  decom. 
position,  by  protracted  builiug  in  water,  of  the  fibrine,  albumen,  gelatine, 
&c.,  which  they  really  contain.  Berzelius  has  pointed  out  the  existence 
of  a  great  number  of  different  substances  that  are  thus  generated,  of 
which  two  need  here  only  require  notice.  For  the  first,  the  name  Chma- 
some  may  he  retained,  and  the  name  Z<miidiiie  applied  to  the  Gecond. 
Ozmuzome  is  soluble  in  watfir,  and  also  in  absolute  alcohol ;  it  cannot 
be  dried  by  heal,  but  forms  a  semifluid  of  an  acid  and  sally  taste,  which 
evolves  powerfully  the  odour  of  concentrated  decomposing  urine.  Its 
solution  in  water  is  yellow  ;  it  is  precipitated  by  the  salts  of  mercury, 
lead,  and  lin. 

The  zomidine  is  insoluble  in  alcohol ;  it  dries  down  to  a  brown  extract, 
of  a  strong  and  agreeable  odour  of  soup.  It  dissolves  in  water  in  all 
proportions.  Its  solutions  are  precipitated  by  the  sails  of  lead  and  tin, 
but  not  by  corrosive  sublimate  or  tincture  of  galls.  When  heated  it 
gives  out  an  odour  of  roasting  meat,  the  tasie  and  smell  of  which  are 
indeed  due  to  its  formation.     Both  o 


OfUie  Composition  of  the  Tissues,  and  of  the  Secretions  in  HealtJi  and  tn 
Disease. 

Having  described  thus  the  constituents  of  the  tissues  individually,  1 
shall  now  present  such  results  as  have  been  hiiherto  obtained  as  to  the 
quaniitmive  composition  of  the  organized  tissues  formpd  by  their  reunion, 
their  secretory  products,  and  morbid  alterations. 

Of  ike  Skin,  Epidermis,  and  its  Modifications. — The  skin  of  animals 
is  a  congeries  of  fineiy-conslructed  organs,  sensitive  and  secretory,  im- 
bedded in  a  peculiar  tissue,  which  is  one  of  those  most  easily  yielding 
gelatine,  whence  the  process  of  tanning  skins.  The  relative  proportions 
of  solid  and  liquid  matter  in  a  skin  freed  from  adhering  fat  and  cellular 
membrane,  but  soft  and  imbibed  with  its  natural  proportions  of  water, 
was  ibuud  by  Wienhalt  to  be, 

Proper  culaneons  tissues,  including  hlood-  tan.tg"! 

Albumen ''^^  lnv)(vi 

ExtracUve  soluble  in  alcoiiol ob'Ii"*^'^- 

Da.        soluble  only  in  water  ....  7 

Water 57'50. 

On  the  surface  of  the  skin  there  is  secreted  a  substance,  which, 
Ihough  varying  in  anatomical  structure  and  appearance  exceedingly,  as 
it  fi)rms  the  fine  epidermis,  the  nails,  proper  horn,  the  tortoise-shell, 
feathiirs,  hairs,  &c.,  is  yet,  throughout  all  their  shapes,  identical  in  chem- 
ical charncler,  and  may  be  described  as  the  same  substance.  The  best 
example  of  horn  is  that  which  covers  the  process  of  the  frontal  bone  in 
the  ox.  It  varies  in  colour,  is  translucent,  tough,  and  elastic.  When 
Itcaled  beyond  312°,  il  softens  without  being  decomposed,  and  may  then 
be  bent,  moulded,  and  soldered,  on  which  properties  many  of  its  uses 
depend.  It  is  scarcely  farther  acted  on  by  water  even  after  an  ebulli- 
tion of  several  days.  When  treated  by  strong  acids,  horn  is  softenpd, 
And  bccjimes  soluble  in  water.  Fleaied  with  solution  of  caustic  potash, 
it  evolves  ammonia,  dissolves,  and  the  liquor  contains  sulphuret  of  potas- 
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siurn  and  an  organic  substance,  pvecipitable  by  an  acid.     The  composi- 
tion of  tiiesis  products,  or  of  horn  itself,  has  cot  been  accuralKly  exam- 

The  principal  mass  of  hair  is  composed  of  the  same  sulislance  as  horn, 
but  the  colour  is  due  to  an  oil,  which  may  be  extracted  by  cihor.  If, 
by  virtue  of  the  sulphur  contained  in  hair,  a  solution  of  litharge  in  lime- 
water  blackens  the  hair,  nitrate  of  silver  blackens  the  hair  also,  but 
by  the  deposition  of  the  metal.  When  horn  or  hair  is  siroiigly  heated, 
it  fuses,  gives  otT  carbonate  of  ammonia,  and  gases  of  a  chaructenstic 
disagreeable  smell ;  if  air  be  present,  it  burns  with  a  brilliant  (lame. 
The  perspiration  from  the  surface  of  the  skin  varies  in  nature  according 
to  the  part  of  the  body ;  it  is  generally  acid,  contains  traces  of  albumen, 
l^atty  multer,  and  the  salts  of  the  blood.  1(  often  contains  a  volatile 
odorous  principle,  chamcterisiic  of  the  animal  by  which  it  is  secreted. 

Of  the  Cellular  and  Serous  Tissues. — These  tissues  are  constituted  of 
gelfttinous  material,  similar  to  that  in  the  skin,  and  hencu  dis^^ulve  by 
boiling  in  water,  being  converted  into  gelatine.  In  the  natural  cumlilion 
of  these  membranes  their  surfaces  are  moistened  by  a  wateiy  liquid, 
which,  accumulating  in  excessive  quantity,  gives  rise  to  the  dropsies  of 
the  cavities  or  of  the  cellular  tissue.  This  serum  of  the  cavities  is  clear 
and  colourless.  Ii  reacts  alkaline  :  its  specific  gravity  I-OIO  to  1*030  ; 
its  com  o  ii'oi  thou  I  li  bl  i  flucluite  is  "i  ge  "I  f  d  by 
Rorzeii 


and  the  w  m  g  T    d  pc  cs, 

and  iibi        m  m  m  h  m  cel- 

lular and  serous  tissues. 

Of  ike  Muscular  Tissue. — Prom  what  has  been  already  said  of  filji'ine, 
it  is  evidently  the  essenlial  element  of  the  muscular  tissue,  and  it  only  re- 
mains here  to  give  the  numerical  results  of  two  analyses  of  beef  muscle, 
made  by  Berzelius.and  Braconnot.     They  found  in  100  piirts, 

Muscular  fibre  {with  vessels  andneives)    .    ]5-80(     ,i,.,q 

Cellular  tissue  giving  gelatine l-QOj     '" '" 

Soluble  albumen  and  colouring  matter    .    .      "'""  '■""' 

Alcoholic  eiiracl  with  salts 

Watery  extract  with  salts 

Phosphate  of  lime 

Water  and  loss     . 77-17    . 

Composition  <^ the  Brain. — The  most  exact  analyses  of  the  brain  tnai 
<Ne>  poasess  are  those  by  Lassaigne.  The  diHerently  coloured  [wttions 
dilTer  essentially  in  their  nature,  as  he  found  in  100  parts. 


77-03 
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Ph    ph  J 

Wa  0  8      J 

Th   nerv  sp  n     m     ow  ha      no  be  n   pe    a  y  ana  yzed. 

Co  ji  g  Urn  J        Botes — Mu        h         und  |    or  to  ossification, 

lliec       tgB  eboesa  acdo  cv    Idaohondriiie,  al- 

tliough  aaf  wado  ycn^jd  o  eg  le  cartilage.  In 
tho  B  eb  a  ed  a  na  s  w  os  on  sk  e  ons  e  earthy  material,  in 
all  cas  ons  s  p  c  pa  y  of  ho  p  a  e  of  me  ii  some  pisaspliate 
ofmao-ne  i,  bona  ea  of  me  a  d  soda  nd  fluo  de  of  calciuni.  By 
diges  fipab  e  diuem  accda  ofhse  organic  salts  are 
re      ved     nd  the  cm  e     na    s  p    se     n^    e  f      y  liie  form  of  iho 

bo  e      By  bu  u  ng     e  bo  e  n  a  n  od       e  cu  oar,  all  animal  mat- 

te   nay  be  co  a      ed  a  d     e  ea      y     a  h  n      nains  in  the  form 

of  he  bo  e  and  pefcvw  e  10  pa  ob  d  bone  of  ihe  follow- 
itig  animals  have  been  found  to  coniatn, 

Phosphate  ofUme  and  fluoride  jgg.^       gg-p"     ^^.^       gg.j, 

Carhunaiei'riime  !    '.'.'.'.    10-3         216         3'5        19-3 
Carbonate  of  magnesia   ...      0-3  ]10(       „e         j,.« 

Carbonate  of  soda 30        5-74  f      "'^        "' 

But  these  proportions  vary  in  the  bones  of  difil^rent  individuals  of  tha 
same  Idnd  of  nnimol. 

The  (]uuoiiiy  of  animal  matter  in  the  bones  varies  in  different  elassen 
of  animiils.  [n  the  mammalia  it  is  generally  about  thirty. three  pet 
cent.  Thus  human  and  ox  bones,  deprived  of  ihcir  m;irrow  and  perios 
teum,  and  dried  until  they  ceased  to  lose  weight,  gave  BerzeliuH, 

Cartilage  solable  in  water    .    .    1)2 17  |     q.j,.jn"| 

Vei-sels M3J     ^■'■"' 

Pliosphaie  of  lime  and  fluoride  )  k^j,,        --  .. 
of  ealdum  . P'*^       •''*■' UOO-00. 

Carbonate  oflime 11-30         385 

Phosphate  of  magnesia    ,    .    .      1-16         2-85 

Soda  and  a  little  common  salt .  1  30  315j 
The  teeth  present,  in  their  constitution,  the  closest  analogy  to  boho 
The  pi-iiicipal  and  organized  substance  of  the  teelh  is  indeed  true  bone, 
containing,  however,  less  cartilage  (twenty. nine  per  cent.)  and  more 
phosphate  of  lime  {sixty-four  per  cent.)  than  the  other  bones.  The 
enamel,  which  is  an  inorganic  secretion  from  the  upper  surface  of  the 
bony  tooth,  ia  ahnuat  destitute  of  any  animal  matter,  the  analyses  of  Ber. 


leim 


giving, 


Phosphate  of  lime  and  fluoride  of) 


The  proportion  o 
(non  hone,  and  the 
aesionoftheenam 


loride  of  calcium  is  greater  in  enamel  than  in  com 
mal  membrane  appears  to  belong  only  to  the  com 
vith  the  subjacent  bony  tissue  of  the  tooth.     Tlip 
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exterior  crusta  jpetrosa  of  tlie  feeth,  which  exists  most  develtipcci  in  her- 
biferous  iinimals,  has  the  same  composition  as  bone. 

In  the  invertebrate  animals,  the  internal  akelelon  is  replaced  by  an  ex. 
ternai  shell,  which  contains  cartilage,  with  earthy  sails,  similar  to  those 
of  proper  bone,  but  in  different  proportions,  the  carbonate  of  lime  pre[)on- 
deriiting.  Thus  the  shells  of  crabs  and  lobsters  contain  from  fifty  to 
sixty  per  cent,  of  carbonate,  and  but  from  three  to  six  of  phosphate  of 
lime,  the  rest  being  animal  matter.  Oyster-shells  contain  but  a  trace  of 
animal  matlfJr,  being  almost  pure  carbonate  of  lime ;  and  the  substance 
termed  cuttle-iish  bone  has  the  same  composition  nearly  as  crab-siiells. 
SECTION  n. 

OF    TilE    COMPOSITION    OF    THE    BLOOD,  AND    THE    PIIENOMEKA    OF    UiSSPI- 

Blood  is,  in  the  higher  classes  of  animals,  an  opaque,  thick,  red  fluid; 
its  specific  gravity  about  1-055  ;  it  has  a  salty  and  nauseous  lasle,  and  a 
peculiar  sm«ll,  resembling  that  of  the  animal  whence  it  had'  been  derived. 
When  the  blood  of  any  red-blooded  animal  is  allowed  to  rest,  it  grad. 
tially  formii  a  soft  jelly,  from  which,  after  some  time,  a  thin  yellowish  fluid 
(serum)  separates,  while  llie  red  jelly  or  coagulum  contracts  in  volume, 
and  acijuirea  greater  consistence.  If  this  coagulation  of  the  blood  takes 
place  aluwly,  the  upper  portion  of  the  cougulum  becomes  white  or  pale 
yellow,  forming  thus  the  /mffg  coal.  There  is  no  doubt  that  the  blood, 
while  in  connexion  with  the  aninial,  participates  in  its  life,  and  the  phe 
nomena  of  coagulation  are  to  be  referred  to  a  new  arrangement  of  its 
materials  consequent  on  the  loss  of  that  vitality. 

The  serum  of  (he  blood,  when  coagulation  has  been  perfect,  is  of  a  yel- 
lowish, sometimes  greenish  colour  ;  its  taste  is  dull  and  salty  ;  its  spe- 
cific gravity  about  1-038;  it  is  thick-fluid,  like  olive  oil;  when  heated  to 
140°,  it  coagulates. 

If  we  examine  under  the  microscope  the  appearance  presented  by 
blood,  we  find  that  it  consists  of  a  great  number  of  minute  red  particles 
swimming  in  a  nearly  colourless  liquor.  These  red  particles  are  flatten- 
ed disks,  in  man  and  the  mammalia  round,  in  other  animals  elliptical. 
Their  size  ia  variable,  being  in  man  from  jViratl'  ^'^  TsVff^^  °^  ^"  '"■'''  '"^ 
diameter,  but  larger  in  most  other  animals.  In  the  frog  they  are  about 
-j-jij-^th.  They  consist  of  a  central  colourless  nodule,  and  an  investing 
ring,  which  is  coloured  red  by  a  material  {Hematosine),  which  may  be 
dissolved  out  without  the  constitution  of  the  globule  being  otherwise  es 
sentiaily  altered. 

The  blood  contains  a  large  quantity  of  albttmen,  partly  diss  I     1  a   1 
remaining  in  the  serum  ailer  coagulation,  partly  in  a  solid  sta      f 
the  great  mass  of  the  globules.     In  the  living  body  the  bliio-1  s 

aiaojibrine  in  solution,  but  this  separates  soon  after  exlractio    f  i  e 

body  ;  it  assumes  a  solid  form,  and  investing,  as  a  sponge,  th  d  I  b- 
wlea,  forms  with  them  the  coaguKim.  The  fibrine  is  thus  th  1  n 
active  in  the  coagulation  of  the  blood,  the  globules  being  but  passively 
engaged  tn  it.  In  addition  to  these  essential  organic  elements,  the  blood 
contains  a  variety  of  saits,  as  common  salt,  phosphates  of  magnesia,  am. 
monia,  and  lime,  lactates  of  soda  and  magnesia.  The  best  analyses  of 
the  blood  are  those  by  Lecanu,  and  the  results  for  blood  and  seium  are 
that  they  contain. 
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Blood  globules ia-30 

Fibrine -31 

Albumen .    .    .        C'5!  8-13 

Falij-  substances '^7.  ■34 

Ex  traciive  mailers '30  -ili 

Altaline  sales     ........          '84  -75 

Earthy  sails    . -21  '09 

Water 'iS-O-i  OO'IO 

Los* ^  __li 

IOOHjO  lOU-M 

IJe  found  these  pi-oporliona  liable  to  fiucluaiion,  and  to  vary  according 

to  the  sex.     The  muxima  and  minima  of  each  constituent  which  he  found 

for  the  liuman  subject  of  each  sex  were, 


c„»,..«,«. 

Water      .... 
Albumen.     .     .    . 
Globules  .... 
Fibrine    .... 

6-3 

I8'6 

■4 

73  3    84  84 

iS6    6-8 

1105  !0-71 

•30j      -31 

7500 
500 
714 
■20 

The  fnlty  substance  of  the  blood  is  a  mixture  of  cholcsterine  with  stearic 
and  oleic  acids,  and  u  peculiar  fatty  substance,  termed  Seroline,  the  history 


mplete,  and  which  diffijn 
None  of  the  phosphu 


n  having  been  already  given, 
jring  matter,  for  the  most 
which  we  are  indebted  to 
His  method  of  preparing 


containing  nitrogen. 
to  exist  in -blood. 

The  chemical  history  of  S brine  and  albi 
^it  remaina  only  to  describe  the  peculiar  coio 
accurate  knowledge  we  possess  concerning 
Lecanu's  elaborate  reaearches  on  the  blood, 
hennatosine  is  as  follows  ; 

Blood,  which  has  been  freed  from  fibrine  by  beating  wilha  twig,  is  to 
be  mixed,  with  continual  agitation,  with  sulphuric  acid  diluted  with  its 
own  weight  of  water*  until  the  whole  mass  solidifies  to  a  brown  pulp, 
from  which  ibe  acid  liquor  is  to  be  then  drained  olT  on' filtering  paper, 
and'tiie  last  portions  removed  by  washing  with  alcohol.  The  mass  thus 
obtained,  which  is  a  mixture  of  sulphates  of  albumen  and  of  hematosine, 
is  to  be  boiled  in  successive  poi-tiona  of  alcohol  as  long  as. this  becomes 
trown.  The  liquors,  being  filtered  when  cold,  are  to  be, neutralized  by 
ammonia,  by  which  albumen  and  much  sulphate  of  ammonia  are.  precip- 
itated, while  a  compound  of  hematosine  and  ammonia  remains  dissolved. 
This  solution  fe  to  be  then  evaporated  in  a  water-bath  to  dryness,  and  the 
residue  washed  with  water,  alcohol,  and  ether,  to  remove  the  sails  and 
fdlty  maltera  which  were  contained  in  it.  Being  then  redissolved  in  cl- 
cohol  by  means  of  ammonia,  evaporated  to  dryness,  and  washed  again 
with  water,  the  hematosine  remains  pure,  but  in  its  coagulated  form. 

It  is  a  dark  browU  mass,  tasteless  and  inodorous ;  when  heated,  it  does 
not  melt,  but  swells  up  and  evolves  ammoniacat  products.;  it  is  insoSuble 
in  water,  alcohol,  and  ether;  it  forms  with  the  mineral  acids  compounds 
which  are  insoluble  in  water,  but  soluble  in  alcohol,  ..  By  caustic  alkalies 
it  is  dissolved  with  a  blood.red  colour,  and  these  combinations  nr^  soluble 
in  water,  alcohol,  and  ether.  ■  Hematosine  contains  neither  phosphorus 
nor  sulphur,  but  iron  in  large  quantity  (6-64  per  cent.).  By  Mulder's 
analysis,  the  formula  of  hematosine  is  ChHjjNj  .  OjFe.  It  hence  has  no 
•connexion  with  proteins  or  albumen.     The  state  in  which  the  iron  exists 
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e  has  been,  even  up  to  the  present  day,  an  object  of  much 
discussion  among  chemists ;  but. with  the  knowledge  we  now  possess  of 
hematosine  in  its  pure  form,  we  must  consider  the  iron  to  be  an  integral 
part. of  its  organic  constiiulion,  as  sulphur  is  in  albumen,  or  arsenic  in 
alkarsjne;  and  the  opinion  of  its  being  oxidized,  and  combined  with  the 
true  organic  element  as  a  kind  of  salt,  can  no  longer  be  snpporteiJ. '  If  a 
Boludon  of  hematosine  be  acted  on .  by  chlorine  gas,  a  while  flocculenl 
precipitate  is  produced,  and  the  solution  contains  chloride  of  iron. 

Although  hematosine  is  the  colouring  material  of  the  globules  of  the 
blood,  it  is  present  but  in  very  small  quantity ;  100  parts  of  dried  glob- 
ules containing  but  from  four  to  five  of  pure  hematosine.  In  the  blood 
globule,  the  hematosine  is  in  hs  uncoagulated  stale,  and  possesses  prop- 
erties somewhat  different  from  those  of  its  coagulated  form,  as  prepared 
by  the  process  above  given.  A  solution  of  the  coloured  blood  globules 
in  water,  when  exposed  to  the  air,  becomes  of  a  brighter  red  colour,  be- 
ing thus  partially  arterial ized.  When  evaporated  at  a  temperature  of 
laO",  it  gives  a  dark  red  mass,  which  is  completely  soluble  in  cold  water, 
its  solution  coagulates  at  155°,  leaving  the  liquor  clear  yellow,  it  is  co- 
agulated also  by  alcohol  and  by  acids.  The  hematosine  then  passes  into 
the  insoluble  condition  already  described. 

,.  I  have  hitherto  spoken  of  the  colourless  ingredient  in  the  blood  glob- 
uWas  being  albumen,  with  which,  indeed,  it  is  almost  identical  in  proper- 
ties, but  BtilT differs  in  some  points.  It  has. been  termed  Glohvllne^  .  In 
its  uncoagulated  condition  it  cannot  be  separated  from  hematosine,  and 
is  there  distinguished  from  albumen  principally  by  being  insoluble  even 
in  a  very  dilute  saline  solution,  which  dissolves  albumen  readily.  It  ia 
hence  that  the  globules  swim  unaltered  in  the  serum  of  the  blood,  but  are 
readily  dissolved  by  pure  water.  On  this  principle  is  founded  a  method 
of  isolating  the  blood  globules.  It'  the  blood,  when  extracted  from  the 
vein,  be  received  in  a  vessel  containing  a  solution  of  Glauber's  salt,  coag- 
ulation is  prevented,  as  the  fibrine  remains  dissolved,  and  by  filtering  the 
liquor  so  obtained,  the  serum  and  water  pass  off,  and  the  globules  remain 
mixed  only  with  a  little  of  the  salt.  The  globuline  cann6t,  however,  be 
separated  from  tbe  hematosine  except  by  acids,  which,  as  described  in 
the  preparation  of  hematosine,  then  combine  with  the  globuline.  Mulder 
found  the  organic  element  in  the  sulphate  of  gtobulme  to  have  the  com. 
position  of  proteine  {see  p.  666). 

Alleralion  of  the  Blood  in  Disease. — The  examination  of  the  slate  of 
the  blood  in  disease,  although  presenting  important  relations  to  patholo- 
gy and  to  practice,  has  been  hitherto  conducted  in  a  manner  loo  discon- 
nected and  superficial  to  ailbrd  satisfactory  results.  This  branch  of 
chemical  pathology  has,  however,  been  taken  up  by  the  illustrious  An- 
dral,  who,  in  conjunction  with  M.  Gavaret,  has  published  the  results  of 
the  analysis  of  the  blood  in  360  cases  of  disease,  in  a  memoir,  from  whose 
publication  may  be  dated  the  commencement  of  a  true  pathology  of  this 
fluid. 

,  In  the  method  which,  by  the  advice  of  Dumas,  they  adopted,  the  quan- 
tity of  fibrine,  of  globules,  of  the  solid  materials  of  the  serum  (which  may 
be  considered  as  albumen),  and  the  quantity  of  water  in  each  specimen 
of  blond,  were  determined.  The  pure  hematosine  was  not  isolated,  and 
the  salts  were  considered  as  sufficiently  important  to  necessitate  their 
ieparation  only  in  certain  cases.     Aa  a  point  of  comparison,  they  assume 
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as  llie  standard  of  healthy  blood,  thai  1000  parts  contnin  790  of  water, 
127  of  globules,  three  of  libvine,  and  eighty  of  solid  consliiuetils  of  the 
serum,  of  which  eight  are  inorganic  ;  which  numbers  almost  coincide  with 
Lecanu'a  analysis,  as  already  given.  Their  researches  have  enabled 
them  to  recognise  four  classes  of  diseases  in  which  the  composition  of 
the  blood  is  essentially  altered,  though  in  difTerent  ways. 

The  first  class  presents  as  a  constant  alteration  an  increase  in  the 
quaniiiy  of  jibrine  ;  it  includes  diseases  remarkably  different  in  their  lo. 
cality  and  form,  but  all  belonging  lo  the  class  of  acute  infiammalions. 
In  some  cases  of  morbid  deposition,  as  in  tubercle  and  cancer,  a  similar 
increase  in  the  quantity  of  fihrine  is  found,  but  it  tnay  be  doubted  wheth. 
er  it  tie  due  to  the  abnormal  growth,  or  lo  the  infiammaiory  action  which 
accompanies  it. 

In  the  second  class,  the  Jibrine  remains  slatimtary,  or  even  diminishes 
m  quantity,  while  the  globules  increase  in  proportion  to  tlie  jUrine.  The 
diseases  wiiich  belong  to  this  class  are  continued  fevers  tdtkoul  local 
infammaUon,  and  some  form  of  cerebral  hemorrhages. 

la  the  third  class,  the  fibrine  remaining  unchanged,  there  is  a  remark- 
able diminution  in  the  quantity  of  the  globules ;  of  these  diseases  chlorosis 
may  be  taken  as  the  example  ;  and  in  the  fourth  doss,  it  is  no  longer 
(he  fibrine  or  globules  which  are  the  subject  oC  the  morbid  change,  but 
the  quantity  of  albumen  in  the  serum  is  diminished.  Of  this  class  of  af- 
fections Bright's  disease  is  the  type. 

Without  entering  into  the  details  of  these  researches,  which  are  ex- 
cluded by  the  limited  extent  of  this  work,  I  shall  merely  present  in  the 
following  table  an  example  of  the  constituiion  of  blood  in  each  of  these 
classes  of  morbid  alteration. 
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The  appearance  of  albumen  in  the  urine  in  Bright's  disease  is  evident. 
]y  connected  with  its  diminution  in  the  serum.  The  oily  materials  which 
are  usually  found  in  the  blood,  and  the  remarkable  diminution  which  oc. 
curs,  not  so  much  in  the  globules  as  in  the  hematosjne,  had  not  attracted 
Andral's  attention  in  the  memoir  now  described.  These  oily  substances 
are  of  the  same  nature  as  the  proper  fatty  matters  of  the  blood,  but  pres- 
ent in  excessive  quantity. 

It  has  been  observed  that  in  cholera  the  blood  becomes  so  thick  as  to 
arrest  the  circulation,  and  contains  from  thirty  to  forty-five  per  cent,  of 
solid  matter  ;  it  is  then,  also,  leas  strongly  alkaline  than  healthy  blood. 
This  is  connected  probably  with  the  matters  vomited  and  evacuated, 
which  are  strongly  alkaline,  and  contain  a  quantity  of  albumen, 

Tiie  blood  has  been  found  occasionally,  in  cases  of  diabetes  mellUus, 
to  contain  tr&ces  of  sugar ;  the  great  discordance  of  the  results  obtained 
may  perhaps  result  from  the  sugar  being  contained  in  the  blood  only  for 
a  short  time  after  meals,  and  then  being  rapidly  evacuated  by  the  kid 
•  neys.  In  jaundice  the  green  colouring  matter  of  the  bile  has  been  ob- 
served in  the  serum  of  the  blood.  Other  observations  of  morbid  constit- 
uents of  the  blood  are  too  indefinite  lo  justify  me  in  occupying  spac« 
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with  lliem.  The  observailon  of  Barruel,  that,  by  healing  the  blood  of 
any  auiinul  wilh  a  little  oil  of  vitriol,  the  odour  of  the  anirudl  is  so  pow. 
erfully  evolved  as  to  be  easily  recognised,  appears  well  founded,  and  may 
be  useful  in  medicodagai  que»tions,  wtiere,  however,  it  should  be  em- 
ployed with  exceediag  circumspection. 

Of  Respiration. — In  the  living,  body,  the  blood  in  the  veins  and  urter- 
ies  is  well  known  to  differ  remarkably  in  colour,  in  the  former  being  of 
a  dark  purple  red,  and  in  the  laiter  of  a  bright  vermilion  colour.  The 
change  from  the  venous  to  the  arterial  state  is  effected  during  the  pas- 
sage of  the  blood  through  the  capillary  vessels  of- the  lungs,  where  it  is 
exposed  to  the  action  of  an  extensive  suHace  of  atmospheric  air,  while 
the  arterial  tilood,  in  traversing  the  general  capillary  system  of  the  body, 
assumes  tile  dark  red  condition  in  which  it  is  returned  to  the  heart  by 
Ihe  veins.  Even  out  of  the  body,  this  cliange  of  colour  is  produced 
when  venous  blood  is  exposed  to  the  air,  especially  if  agitated  therewith, 
and  still  more  with  pure  oxygen  ;  even  the  globules,  when  separated 
from  the  serum  and  dissolved  in  water,  become  brighter  in  colour,  and 
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oxygen  was  first  absorbed  by  the  blood,  and  earned  bj  the  circulation  to 
every  portion  of  the  body,  where  it  combined  with  the  carbon,  which 
was  there  present  in  excess,  and  the  carbonic  acid' so  produced,  being 
dissolved  by 'the  venous  blood,  was  thrown  off,  on  arriving  at  the  surface 
of  the  atmosphere,  in  the  luiigs.  The  progress  of  science  has,  however, 
finally  decided  in  favour  of  the  latter  view,  to  which  the  fullest  confirma. 
tion  has  been  given  by  the  careful  and  elaborate  experiments  of  Magnus, 
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He  found  that  both  arlerial  and  venous  blood  hold  diasoWed  quanlities 
of  gases,  oxygen,  nitrogeni  and  carbonic  acid,  which  amount  to  I'lom  one 
tenth  to  onti  twenlielh  of  the  volume  of  ihe  blood.  The  pi'oportions  of 
theae  gases  to  each  otliei"  are  diSerent  in  ai'lerial  and  venous  blood  ;  the 
oxygen  in  arterial  blood  being  about  one  half  of  the  carbonic  acid.wUile, 
in  the  venous  blood  it  beldbm  amounts  to  more  than  one  fifth.  The  dif- 
ference is  greatest  in  young  animals,  and  probably  is  proportional  to 
their  activity  of  nutrition.  The  quantity  of  nitrogen  appears  to  be  iho 
eame  in  both, kinds  of  blood,  making  from  one  filth  lo  one  tenth  of  the 
gaseous  mixture.  ' 

The  physico-chemical  conditions  of  respiraiion  are  simply  exjilicable 
upon  these  results.  By  the  principle  of  gaseous  diffusion  (p.  2i)7),  the 
fine  lining  pulmonary  membrane  being  pei-meable  lo  gases  when  the 
venous  blood  arrives  (it  the  surface  of  the  lungs,  a  portion  of  the  car- 
bonic acid  which  it  contains  is  evolved,  and  a  quantity  of  o»}gcn  gas  ab* 
sorbed  in  place  of  it.  These  two  quantities  arc  not  tiectsoaiily  equal  at 
each  moment,  though  ultimately  ihey  become  so,  and  liencc  the  volume 
of  oxygen  absorbed  is  generally,  though  not  universally,  equal  lo  that  of 
the  carbonic  acid  given  out.  There  appears,  from  the  pi  tsence  of  ni- 
trogen in  equal  quantity  in  both  kinds  of  blood,  lo  be  an  absoipiioo  and 
evolution  of  that  gas,  simply  from  physical  laws,  and  independent  of  any 
direct  application  of  it  lo  ihe  nuirilion  of  ihe  animal ;  hence  the  volume 
of  nitrogen  in  air  is  sometimes  increased,  and  at  others  diminishedj  by 
respiraiion,  and  an  animal  evolves  much  nitrogen  when  respinng  an  ar- 
tilicial  atmosphere  of  oxygen  and  hydrogen,  while  Bouaingault  has 
shown  the  rate  of  nutrition  of  an  animal  to  be  proportional  to  the  quan- 
tity of  nitrogen  it  receives  as  food,  and.  that  none  of  that  principle  la 
really  assimilated  from  the  air. 

It  is  stilL  not  by  any  means  easy  to  decide  upon  the  cause  of  the  change 
of  colour  which  occurs  in  the  blood  during  respiration;  for  this  should 
appear  connected,  not  merely  with  Ihe  presence  of  certain  gases  in  the 
blood,  but  upon  a  true  change-in  the  consiilulion  of  thehematosine,  whicli 
analysis  cannot  direct.  Slevens  first  directed  attention  to  the  remarka- 
ble influence  which  saline  bodies  have  upon  the  colour  of  the  blood.  If 
darlt  venous  blood  be  put  in  contact  with  a  solution  of  common  salt, 
Glauber's  salt,  nitre,  or  carbonate  of  soda,  it  becomes  as  vermilion-col- 
oured as  if  it  had  been  tfuly  arterialized.  On  the  contrary,  the  presence 
of  carbonic  acid  impedes  this  action,  and  gives  to  blood,  so  reddened  by 
a  salt  ngt  in  excess,  the  dark  tint  of  vcnous'  blood.  If  we  consider,  there, 
fore,,  iho,  arterial  lint  to  be  due  to  the  nalural  combination  of  the  colour, 
ing  matter  with  the  saline  constituents  of  the  serum,  this  will  he  darken- 
ed when,  by  passing  through  the  capillary  system,  tlie  blood  takes  up  an 
excess  of  <iarbonic  acid;  and  again,  in  the  lungs,  when  the  carbonic  acid 
is  replaced  by  oxygen,  the  vermilion  colour  is  restored,  not  by  any  active 
agency  of  the  oxygen,  but  by  ihe  natural  tint  of  saline  hematosino  be- 
coming evident.  Although  this  theory  of  the  change  of  colour  is  by  no 
nleal:^s  free  ,from  objections,  it  appears  to  me  to  be  better  founded  than 
any  other  that  has  been  proposed; 

Animal  Beat. — The  phenomena  of  respiration  consistirig  mainly  in 
the  conversion  of  carbon  into  carbonic  acid  by  union  with  oxygen,  the 
heat  svhich  is  developed  in  the,  body  of  all  red-blooded  animals  has  been 
naturally  referred  to  thai  source  ;  and  as  we  know  that  the  change 
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trr>m  the  arterial  to  tlie  venous  condition  of  the  blood  occurs  at  every 
prfntof  the  system,  the  almost  complete  equality  of  temperature  through- 
out the  body  in  health  is  explained.  That  the  great  source  of  heat 
is  the  respiratory  process,  is  abundantly  proved  by  tho  lemperaturo  be- 
ing higliest  in  those  animals,  and  in  the  same  animal  at  those  periods 
when  the  circulation  is  most  rapid,  and  the  quantity  of  air  consumed  the 
greatest ;  but  it  ha$  been  calculated  that  the  heat  evolved  by  the  combus- 
tion of  the  quantity  of  carbon  thrown  off  from  the  body  in  twenty. four 
hours  is-  not  more  than  eight  tenths  of  the  quantity  generated  in  the  body 
during  that  time,  andlhe  origin  of  the  remainder  rauat  be  found  in  tha 
action  of  the  muscles  and  in  the  nervous  power,  which  appears  of  itself 
to  be  a  distinct  source  of  animal  heat. 

SECTION  III. 

COMPOSITION  OF  1 


Mucus. — The  Uning  membrane  of  the  alimentary  canal  is  moistened 
with  a  liquid  possessing  many  characters  of  the  vegetable  mucus  (iraga- 
canthine,  p.  530),but  containing  nitrogen.  It  is  a  thick  tenacious  sub- 
stance, which  contains.i  dissolved  in  the  water  through  which  it  is  diffused, 
tlie  ordinary  salts  of  die  scrum  of  the  blood  ;  it  swells  up  with  water  to 
a  considerable  mass,  but  without  dissolving;  it  dissolves  in  alkaline  li- 
quors, and  is  precipitated  therefrom  on  the  addilion  of  an  acid  and  by 
tincture  of  galls ;  the  mucus  from  different  parts  of  the  mucous  membrane 
is,  however,  b)'  no  means  identical  in  properties. 

Tho  liquid  secreted  by  the  internal  surface  of  the  stomach,  the  Gastne 
Juice,  which  exercises  an  important  influence  on  digestion,  differs  essen- 
tially in  its  characters  from  mucus.  When  the  stomach  is  empty  and 
contracted,  it  contains  only  ordinary  mucus  ;  but  if  even  indigestible  sub- 
stances be  introduced,  and  still  more  afier  taking  proper  food,  a  liquid  is 
abundantly  poured  out,  which  is  colourless  or  very  pale  yellow,  and  con- 
tains a  very  small  quantity  of  solid  matter  (two  per  cent,),  which  consists 
principally  of  inorganic  salts  {common  salt  and  sal  ammoniac,  with  a 
trace  of  a  salt  of  iron);  it  is  specially  characterized  by  the  presence  of  a 
notable  quantity  of  free  muriatic  acid,  the  proportions  of  which  appear  to 
vary  with  the  activity  of  the  digestive  powers  at  the  time.  This  gastric 
juice  possesses  (he  remarkable  property  of  softening  down  and  dissolving 
fibrine  and  atbumen,and  thus  converts  the  masses  of  food  into  the  uni- 
form pulp  (C%nte),  from  which  the  absorbing  vessels  of  the  small  intes- 
tines take  up  the  nutritious  elements. 

If  we  form  an  artificial  gastric  juice  by  mixing  together  the  muriatic 
acid  and  salts  in  the  proper  proportions,  it  is  found  to  he  totally  incaptu 
b!e  of  dissolving  the  materials  of  the  food,  and,  indeed,  to  be  quite  inac 
tive  towards  digestion,  ■  The  organic  material  of  the  gastric  jaice,  al- 
though its  quantity  be  so  minute,  is  therefore  essential  to  its  powers,  and 
these  may  be  perfectly  conferred  upon  the  previously  inactive  artificial 
juice  by  the  addition'  of  a  little  of  the  mucus  of  the  stomach,  or  by  steeping 
in  the  acid  liquor,  for  a  short  time,  a  small  portion  of  a  mucous  membrane, 
and  filtering  the  liquor.  For  this  purpose  it  is  noteven  necessary  to  use 
the  mucous  membrane  ofthe  stomach,  foi*  that  of  the  bladder-has  been  found 
to  act  equally  Well.  Tho  substance  which  is  dissolved  outof  thempmbrane 
in  these  cases  has  been  termed  Pepslue.     It  has  not  been  obtained  in  a 
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truly  isolated  ^r  pure  fonii,  but  its  propertk 
its  full  activity  it  requires  the  presence  of  a 
trie  juice  becomes  much  less  active  in  dissolving  food,  when  neutralized  by 
aa  alkali,  though  it  retains  other  properties,  as  that  of  coagulating  milk  like 
rennet.  If  the  artificial  gastric  juice  he  precipitated  by  acetate  of  lead, 
the  precipitate  washed,  and  then  decomposed  by  sulphuret  of  hydrogen, 
the  solution  thus  obtained  possesses  all  the  digestive  powers  of  the  juice, 
Heoce  the  pepsine  and  muriatic  acid  act  together  in  combining  with  oxide 
of  lead.  The  process  giveu  by  Schwann  for  preparing  the  best  artificial 
gastric  juice,  is  to  ttiix  water  with  2J  per  cent,  of  muriatic  acid,  of  spe- 
cific gravity  1-13,  and  digest  therein  the  raucous  membrane  of  a  stomach 
for  twenty-four  hours,  then  lo  filter. 

Pepaine  appears  to  be  completely  decomposed  by  contact  with  alcohol, 
or  by  the  heat  of  boiling  water.  Its  powers  are  destroyed,  also,  by  de- 
oxidizing substances.  The  solution  of  albumen  and  fibrine  in  gastric 
juice  is  essentially  different  from  their  solution  in  muriatic  acid,  as  in  the 
former  case  the  quantity  of  acid  is  very  minute  in  relation  lo  the  quantity 
of  material  dissolved,  and  after  solution  the  acid  still  remains  quite  uq. 
combined. 

Fremy  has  discovered  that  the  peculiar  fermentative  process,  which 
sometimes  spoils  the  manufacture  of  sugar,  and  which  I  have  described 
(p.  536)  as  the  mucous  fermentation,  is  capable  of  being  induced  by  con- 
tact with  mucous  membrane  (by  pepsine?).  He  has  found  that  sugar  of 
milk  may  thus  be  converted  to  an  unlimited  extent  into  lactic  acid,  no 
other  product  appearing.  The  vegetable  ferments  are  able  to  produce 
the  same  effect,  but  in  a  different  stage  of  decomposition  from  that  in 
which  tliey  induce  the  saccharine  or  alcoholic  fermentations. 

The  action  of  the  stomach  in  digestion  appears,  therefore,  to  be,  so  far 
as  our  actual  knowledge  extends,  a  purely  catalytic  fermentative  action  ; 
one  in  which  the  active  excitant  is  an  organic  substance  [Pepsaie)  secre. 
ted  by  the  mucous  surface,  and  whose  properties  are  developed  by  the 
presence  of  muriatic  acid,  which  is  secreted  at  the  same  time.  The  new 
products  into  which  the  food,  fibrine,  albumen,  gluten,  starch,  oils,  sugar, 
&c,,  are  converted,  and  which  collectively  constitute  the  white  uniform 
pulp  termed  by  physiologists  Chyme,  have  Dot  been  made  the  subject  of 
accurate  chemical  research. 

In  themouth  the  mass  of  nutritive  material  is  acted  on  by  a  liquid 
which  is  secreted  by  the  salivary  glands,  the  Saliva.  It  is  alkaline,  and 
holds  in  sotuiion  not  one  per  cent,  of  solid  matter,  which  contains  some 
carbonate  of  soda  and  common  salt,  admixed  mucus,  a  Iraceof  sulphocy. 
anid;  of  potassium,  and  a  peculiar  organic  body  termed  by  Tiedemanc 
and  Smelin  Salivan/  Matter,  This  last  substance  is  soluble  in  water; 
its  solution  is  not  coagulated  by  heat,  nor  precipitated  by  tincture  of  galls, 
sive  sublimate,  acetate  of  lead,  nor  by  acids.  The  pancreas,  though 
nilar  in  structure  to  the  salivary  glands,  has  a  different  secretion  ; 
3  no  salivary  matter,  nor  any  sulphocyanide  of  potassium,  but 
albumen  and  some  salts ;  it  is  generally  slightly  acid. 

Composition  of  the  Bile, — The  precise  part  which  this  remarkable  se- 
cretion performs  in  the  animal  economy  is  not  yet  fully  known.  U 
has  been  the  subject  of  repeated  and  accurate  chemical  examination, 
although,  from  the  facility  with  which  its  elements  are  transformed  into 
other  bodies,  by  the  action  of  the  reagents  employed,  every  succeeding 


by  Google 


ANALYSES     OF     THE     ElLli.  681 

analysis  has  led'to  different  results.  I  shall  only  notice  the  lale  researchea 
'li  Ginelin,  Demar^ay,  and  Berzelius. 

In  (be  elaborate  work  on  digestion,  undertaken  in  conjunction  with 
Tiedemano,  Gmelin  analyzed  principally  the  bile  of  the  ox,  from  which, 
however,  its  far  as  observations  have  been  made,  human  bile  does  not 
appear  essentially  to  diffur.  He  obtained  from  it  a  volaiile  body  having 
the  odour  of  musk,  cholesierine,  margaric  and  oleic  acids,  a  peculiar  acid, 
the  Ckolie  Add,;  colouring  matters,  Biliary  Resin,  Biliaj-y  Stigar,  Tau- 
rine, a.  glutinous  substance,  caseiim,  salivary  matter,  ozmazome,  and  a 
number  of  salts  of  organic  and  hmrgantc  acids.  Demarjay  looks  upon 
all  of  tbeae  substances  as  being  produced  by  the  reactions  used,  and  de- 
nies that  any  of  them  really  exist  in  ihe  bile.  He  considers  the  bile  to 
be  a  soda-soap  of  a  peculiar  faUy  acid,  the  Ckoleic  Acid,  that  is,  a  Cko- 
leSte  of  Soda.  The  choleic  acid  is  obtained  by  dissolving  one  part  of  the 
alcoholic  exti-act  of  ox-gall  in  100  parts  of  water,  and  mixing  the  solution 
with  two  parts  of  sulphuric  acid  diluted  with  ten  of  water.  By  gradual 
evaporation  of  the  liquor,  oily  drops  separate.  It  is  to  be  then  cooled, 
and  these  drops,  which  are  common  fat,  removed.  On  then  standing  for 
eight  or  ten  hours,  the  choletc  acid  gradually  separates,  and,  being  digest- 
ed with  ether  to  remove  some  adhering  fat,  is  pure.  It  is  a  brittle  yel- 
low-white mass,  tastes  bitter,  softens  by  a  heat  of  250°,  but  does  not 
really  melt ;  it  is  slightly  soluble  in  water,  but  abundantly  in  alcohol  and 
ether.  It  forms,  with  bases,  salts  which  do  not  crystallize  ;  its  formula 
was  found  to  be  a^Hsa .  N.Oij. 

When  the  alcoholic  extract  of  the  gall  is  boiled  for  a  long  time  in  con- 
tact  with  an  excess  of  muriatic  acid,  the  choleio  acid  is  decomposed,  and 
the  most  remarkable  products  are  the  Taurine  of  Gmelin,  and  a  new  acid) 
the  Choloidic  .dcid.  The  latter  is  a  fatty  acid,  not  volatile,  yellow,  of  a 
bitter  taste ;  it  forms  a  soil  mass  with  warm  water,  but  without  dissolving ; 
it  dissolves  readily  in  alcohol  and  ether,  and  these  solutions  redden  Ut* 
mus.  By  Dumas's  analysis  the  formula  of  this  body  appears  to  be  Cjj 
HjdO,.  ■  It  does  not  contain  nitrogen.  The  Taurine,  which  remains  in 
the  acid  liquor  from  which  the  choloidic  acid  separates,  is  obtained  by 
evaporation,  and  mixing  with  alcohol,  from  which  solution  it  crystallizes 
gradually  in  six-sided  prisms,  which  are  perfectly  neutral ;  it  fuses  and  is 
decomposed  by  a  strong  heat ;  it  dissolves  in  twelve  and  a  half  parts  of 
cold,  and  in  less  of  boiling  water,  but  requires  573  parts  of  spirit  of  wine 
for  solution ;  it  is  scarcely  acted  on  even  by  the  strongest  acids,  and  is 
not  precipitated  by  any  metallic  salt ;  its  formula  is  remarkable,  being 
C4H7 .  N.Oio,  including  the  elements  of  binoxalate  of  ammonia  and  2  Aq, 

If  the  bile  be  treated  with  an  excess  of  a  strong  alkali,  the  choleic  acid 
is  totally  broken  up  into  ammonia  and  the  Cholie  Acid  of  Gmelin.  It 
crystallizes  from  its  hot  aqueous  solution  in  delicate  silky  needles,  of  a 
brilliant  white  colour;  its  taste  is  at  once  acid  and  siveet;  by  heat  it  is 
melted  and  decomposed ;  it  is  very  slightly  soluble  in  water,  but  copious- 
ly in  alcohol ;  its  solutions  redden  litmus  ;  it  contains  no  azote  ;  its  for- 
raula  being,  as  determined  by  Dumas,  CjjHasOio. 

DemarQay's  examination  of  the  bile  appears  tiius  quite  satisfactory  in 
showing  that  the  cholie  acid  and  the  taurine  are  secondary  products,  and 
he  considered  the  other  substances  found  by  Gmelin  to  be  choleic  or  cho- 
loidic. acids  in  an  impure  form.  But  Berzelius,  who  has  been  occupied  in 
the  ro.examinaiion  of  tha  subject,  has  decided  that  the  choleic  acid  of 
4R 
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Demar^ay  is  realiythe  body  which  is  impure,  being  a  mixture  oftheirue 
biliary  substance  (BiUn,  f^mc\i\\'s  Biliarij  Sugar)  with  the  biliary  resins. 
He  f'ouiid  that  whea  tlie  alcoholic  extract  of  the  bile  is  mixed  with  sul- 
phurlo  Hcidyno  precipitate  appears  fur  a  considerable  lime;showtrig  that 
tiio  subsluiice,  which  reullyexisis  in  t!it  bile  combined  wilhsoda,  iscom- 
pluely  auluble  ia  waler.uiid  it  is  only  by  its  gradual  change  that  the  pre- 
cipitate (choleic  acid)  occurs.  By  digesting  this  substance  wiili  ether,' 
ho  removed  from  it  a  resin,  which,  by  possessing  ncid  properties,  and  by 
means  of  combination  with  barytes,  is  show))  to  be  a  mixture  of  two  dis> 
titicl  acid'  resina,  FelUc  Acid  and  Cholinic  Acid.  The  malevial  inaolu. 
"  ble  Ju  ether  is 'the  ttae'B0n.f  it  ia  not  acid,  of  a  bitter  tasle,  soluble  in 
alcohol  and  water  ia- all  proportions,' but  insoluble  in  ether;  when  heat- 
ed, it  becomes  soft,  and  burns  libe  a  resin  ;  its  watery  solution  is  rapidly 
decomposed,  especially  if  warmed  ;  by  contact  with  acids  or  alkalies,  it 
ia  immediately  changed  in  constitution  :  the  substances  produced  are  dif- 
ferent) acoordiflg  as  thedf-greeof  alteration  is  more  or  less  advunced. 
Those  more  important  ar*'  the  following  : 

The  Biliary  MaUer,  whioli'  is  the  state  in  which  the  greater  part  of  the 
bilin  exists  in  ordinary  bile,  being  the  first  product  of  its  decomjioaition, 
is  a  while,  bitter  substgt>ce,  which  has  a  marked  acid  reaction, and  is  de. 
composed- by  oside  of  lead  into  bilin  and  Bilifellmic  Acid,  which  is  the 
choleie  acid  of  Demi^r^'-ay.  The  formation  of  taurine  is  acoomiiaiiied  by 
that  of  another  b'jdy,  Dyslysin,  which  is  a  colourless  r(:sini)us  substance, 
very  sparingly  soluble  in  water.  The  fellinie  and  cholinio  acid  have 
been  noticed  n.beve. 

When  the  bile  has  been  kept  for  a  long  time,  it  is  decomposed  by  a 
kind  of  fermentation,  and  two  acids  formed,  termed  the  Fellanic  and 
Gholnnic  Adds:  they  are  white  earthy  powders  sparingly  soluble  in  wa- 
ter ;  the  former  melts  only  far  above  212°;  the  latter  is  very  easily  fu. 
Bible. 

The  Colouritig  Mailer  of  the  Bile  is  present  during  health  in  but  small 
quamiry,  but  in  disease  it  sometimes  accumulates  so  as  to  produce  solid 
masses.  When  pure,, it  is  a  reddish-yellow  powder,  which  is  scarcely 
soluble  in  water  or  in  alcoho),  but  dissolves  easily  in  solution  of  caustic 
potash.  This  solution  is  of  a  clear  yellow  colour,  but  when  exposed  to 
the  air  it  becomes  deep  green,  absorbing  oxygen.  This  change,  is  re- 
markably produced  by  nitric  acid,  and  it  is  indeed  the  reaction  by  which 
the  presence  of  the  bile  in  the  serum  of  the  blood,  in  the  uriiie,  in  the  skin 
and  eyes,  SiC,  may  be  shown  ia  cases  of  jaundice.  If  too  much  nitric 
acid'be  not  added  at  once,  the  yellow  liquor  becomes  at  iirst  green,  then 
blue,  violet,  and  finally  red,  all  these  changes  occurring  in  a  few  seconds. 
After  a  moment  the  red  colour  also  disappears,  the  solution  becomes  yel- 
low, and  the  colouring  matter  is  found  to  be  totally  decomposed.  The 
solution  ofthe  colouring  matter  in  potash  is  precipitated  by  muriatic  acid 
in  deep  green  flocculi.  Which  dissolve  in  nitric  acid  with  the  effect  al- 
ready noticed,  and  are  soluble  in  caustic  ammonia  and  potash,  with  a 
rich  emerald.green  colour.  These  reactions  show  that,  by  a  process  of 
oxidizement  from  the  original  yellow  substance,  green  and  red  materials 
may  be  generated,  in  which  forms  the  colouring  matter  exists  naturally 
in  various  animals,  according  as  their  bile  is  yellow,  green,  or  reddish, 
and  also  gives  rise  to  the  concretions  of  various  kinds  that  are  deposited 
in  disease.  The  most  common  kind  of  gallstone  consists,  however,  of 
cholgsterine. 
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This  yellow  material  Berzeiius  names  Bilifuhin,  He  considers  the 
green  colouring  mattet-  pi'esent  in  healthy  bile  to  be  identical  with  chlo^ 
rophyll  (p.  mi). 

■  The  bilecontainsgenerally  about  nine  percent;  of  solid  matter;  but  in 
the  present  stale  of  ouf  knowledge  of  its  uonstituents,  it  is  evidently  im- 
possible to  assign  the  numerical  prop^irtions  in  which  they  exist. 

Tile  substance  found  in  the  bile,  and  termed  Eryllirogtn  by  Bizio,  is 
too- apocrypha  I  lo  require  any  notice. 
'  Tne  examination  of  the  farther  processes  of  digestion  involves  consid. 
emiiuns  too  purely  physiological  to  be  entered  into. 

Chyle  and  Li/mph; — The  nutritive  materials  extracted  from  the  food 
by  the  absorbing  vessels  of  the  intestine  ia  thrown  Into  the  ihoraclc-duct, 
where  it  meets  with  another  Huid,  which  is  transmitted  to  the  same  vessel 
from  all  parts  of  the  body  by  thu  colourless  veins  or  lymphatics.  !i'he 
fluid  I'roin  the  intestines  is  termed  Clu/le,  that  from  the  body  generally  ia 
termed  Lymph.  It  is  the  mixture  of  these  thut  ak)Do  has  been  examined, 
for  the  vessels  which  carry  either  separately  are  too  minute  to  allow  of 
the  extraction  of  their,  con  tents  in  a  pure  form, 

When  taken  from  the  thoracic  duct  a  few  hours  after  a  meal,  when, 
probably,  the  chylous  element  prevails,  it  is  a  whitish,  opaque  liquid  like 
milk,  with  generally  a  reddish  shade  ;  a  short  lime  after  separation  from 
the  body  it  coagulates.;  the  .clot  is  at  first  pale,  but  it  soon  becomes  light 
cinnabar  red  ;  ihe  railkiness  of  the  serum  is  due  to  the  presence  of  oil ;  it 
contains  albumen,  and  coagulates  by  heat.  Except  that  it  is  more  dilute, 
and  that  the  hemutosine  is  for  the  most  part  absent  (not  yet  formed),  the 
chyie  and  lymph  have  the  same  composition  as  the  blood.  It  appears  to 
vary,  however,  with  the  nature  «f  the  food,  as  Dr.  Proiil  found  the  chyle 
of  dogs  fed  on  vegutables  to  contain  a  much  smaller  quantity  of  albumen 
than  when  they  had  had  animal  food..  Dr.  Prone  also  indicates  in  chyle  the 
existence  of  a  substance  wbicli  he  terms  Jnctpient  Albumen,  which  is  not 
coagulated  by  heat,  except  after  the  addition  of  acetic  acid.  The  prop, 
erties  of  this  form  of  albumen,  however,  arc  not  fully  known.  The  re. 
suits  of  their  analyses  of  chyle  are  here  given  ;  that  by  Berzeiius  was 
the  chyle  of  a  horse,  killed  some  time  after  having  fed  abundantly  with 
oats ;  and  of  those  by  Dr.  Prout,  No.  1  was  from  a  dog  supported  on 
vegetable,  and  No.  2  of  a  dog  supported  on  animal  food.  100  parts  con- 
tained. 


Dry  Clot  . 
Albumea'  . 
Fatty  matter; 
Extra 'itive  ni 
..  and  salts 
Water  .    . 


Fibrine  .....  OG 
Incipient  Albumea  ,  4'6 
Albumen  "' 


Salts  .    . 
Water   . 


SECTION  IV. 
CONSTiTTTTlON   OF  THE   URINE   IN 

The  nature  of  this  secretion  has  at  all  periods  been  an  object  of  con- 
siderable interest  to  the  physician  and  to  the  chemist,  from  the  indica- 
tions which  changes  in  its  composition  give  of  disease  of  important  or- 
gans, and  from  the  number  and  interest  of  the  organic  substances  it  con- 
tains. As  in  ahnost  all  other  branches  of  animal  chemistry,  Berzeiius 
first  determined  accurately  its  constitution;  and  lately  Lecanu  has  ascer- 
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taiaed  with  great  care  the  limits  to  which  the  proponicns  of  its  iiigrcdi- 
ents  may  vary  in  health,  and  thus  established  a  correct  basis  of  cumpar 
ison  for  urine  in  the  various  conditions  of  disease. 

The  specific  gravity  of  urine  varies  from  1016  to  1030.  In  general, 
if  the  excretion  exceeds  in  (juantily  thirty-two  ounces  in  twenty-four 
hours,  the  specific  gravity  falls  [>roportionally  below  1030;  bnt  it  the 
quantity  be  under  thirty. two  ounces,  the  specific  gravity  for  a  man  in  ac. 
tive  health  is  generally  1030,  but  less  for  women.  The  important  organ, 
ic  constituents  of  the  urine  are  Urea  and  Uric  Acid,  which  will  retjuire 
a  detailed  and  special  examination ;  the  other  principles,  though  numer. 
ous,  being  of  less  moment,  need  be  only  noticed  in  the  following  state- 
ment of  Berzeiius'a  general  analysis  of  the  urine.  He  found  100  pact' 
to  contain, 

Water 93 

Urea SO'lO 

Free  lactic  acid,  lactate  of  ammonia,  and  j     , ..,; 
animal  extract J        '   " 

[Trie  acid lOi 

Mucus  of  the  bladder 0-3; 

Sulphates  of  potash  and  soda 6-8" 

Phosphates  of  soda  and  ammonia  .    .    .    .      4'5[ 
.Common  salt 4'4f 

Sal  ammoniac i'5( 

Phosphates  of  lime  and  magnesia  ....      lOt 

Silica l)03_ 

E7«a.— NA  ■  03.  or  Ur.  Eq.  60  or  750. 
The  artificial  formation  of  this  remarkable  substance  in  various  way^ 
has  been  noticed  already  in  many  places  (as  511,  515).  It  may  he  ob- 
tained from  urine  by  evaporation  to  the  consistence  of  a  thick  sirup  in  a 
water-bath,  and  mixing  the  mass  remaining  with  three  times  its  volumo 
of  nitric  acid,  specific  gravity  about  1'35,  wuicn  had  been  perfectly  freed 
from  all  traces  of  nitrous  acid  which  it  might  contain,  as  this  last  instant- 
ly decomposes  urea.  The  liquor  forma  a  crystalline  pulp,  which,  being 
kept  carefully  cool,  may  be  freed  from  the  liquor  by  draining  and  press, 
ure  between  folds  of  paper.  The  impure  crystallized  nitrate  of  urea  thus 
obtained  is  to  be  dissolved  in  a  small  quantity  of  boiling  water,  and  re- 
crystallized  by  cooling.  These  crystals  being  again  dissolved  in  water, 
are  to  be  digested  with  animal  charcoal  lo  remove  the  colouring  matter, 
and  then  with  an  excess  of  carbonate  of  lead,  until  completely  neutral. 
The  solution  so  obtained,  being  evaporated  very  carefully  in  a  water-hath 
to  dryness,  is  to  be  treated  with  boiling  alcohol,  and  filtered.  The  pure 
urea  separates  from  the  alcoholic  solution,  on  cooling,  in  brilliant  while 
four. sided  prisms. 

Urea  is  much  more  simply  and  economically  obtained  by  the  transform- 
ation of  cyanate  of  ammonia,  for  which  purpose  the  process  given  by 
Liebig  answers  best. 

An  impure  cyanate  of  potash  is  prepared  by  roasting  yellow  prussiato 
of  potash  {as  described  p.  515),  and  this  is  mixed  with  a  solution  of  sul. 
phate  of  ammonia  in  water,  and  the  whole  then  boiled  witli  alcohol,  which 
dissolves  out  urea,  and  leaves  the  sulphate  of  potash  undissolved.  On 
cooling,  the  urea  crystallizes,  and  may  be  obtained  quite  pure  by  a|iolh. 
er  crystallization  from  alcohol. 

The  taste  of  urea  is  fresh  like  nitre  ;  its  reaction  is  quite  neutral ;  it 
is  inodorous.    When  heated  to  230°,  it  melts,  and  at  a  higher  tempera. . 
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ture  is  decomposed,  giving  carbunic  and  cyanuric  adds  and  ammonia. 
It  dissoiv^is  in  less  than  iw  own  weight  of  water  at  60°,  producing  great 
cold  ;  it  is  soluble  in  much  tess  boiling  water.  If  the  urt;a  be  quitti  pure, 
its  solution  remains  fur  a  long  limi^  unaltered  ;  but  if  it  contains  any  tra- 
ces of  an  azotized  substance  wliich  putrelies,  this  acts  as  a  leimcnt,  and 
the  decomposition  extending  to  the  urea,  this  assimilates  the  eleineiiis  of 
water,  and  is  totally  converted  into  carbonale  of  ammonia,  N  Ci  ,  OJIj 
and  HA  producing  3(C.O +N.HtO.).  It  is  this  decumposjLion  ihat 
renders  urine  alkaline  in  a  few  hours,  generally,  after  it  is  voided.  Urea 
dissolves  in  five  parts  of  cold  and  one  of  boiling  alcohol.  In  etiier  it  is 
almost  insoluble. 

In  contact  with  strong  acids,  urea  is  decomposed,  giving  off  carbonic 
acid,  and  forming  an  ammoniacal  saft.  When  the  acids  are  dilute,  i(  unites 
with  them,  although  without  neutralizing  them,  and  forms  crystalline 
compounds,  of  which  but  a  few  have  been  accurately  examined.  The 
Dsygen  salts  of  urea  resemble  tbo:de  of  the  vegetable  alkalies,  metamine, 
ammonia,  &c.,  in  containing  an  atom  of  associated  water. 

NUrate  of  Urea  (Ur.H.O.  +N.Oi)  crystallizes  in  large  brilliant  plates 
by  the  cooling  of  its  solution.  It  is  pleasantly  acid,  and  is  soluble  in  al. 
cohol,  but  much  more  so  in  water;  if  heated  rapidly,  it  explodes.  It  is 
sparingly  soluble  in  dilute  nitric  acid,  whence  the  addition  of  a  great  ex. 
cess  of  nitric  acid  serves  as  a  test  for  the  presence  of  urea,  ibis  salt  be- 
ing precipitated  in  bright  pearly  scales. 

Oxalate  of  Urea  (Ur.H.O.+CjOj)  crystallizes  iii  long  rhomboidai 
tables.  It  tastes  acid  ;  it  is  copiously  soluble  in  boiling  water,  but  crys- 
tallizes  almost  completely  out  on  cooling,  as  100  of  waier  retain  but  4  of 
the  salt.     It  is  still  less  soluble  in  alcohol. 

Lactate  of  Urea  crystallizes  in  fine  plates  and  needles  ;  it  is  very  solu- 
ble. There  is  reason  to  consider  that  the  urea  is  naturally  combined 
with  lactic  acid  in  the  urine.    The  other  salts  of  urea  are  not  importaot- 

The  quantity  of  urea  secreted  in  health  appears  pretty  regular  in  the 
same  individual,  when  the  diet  remains  the  same,  and  Dot  to  depend  upon 
the  quantity  of  liquor  excreted.  It  varies,  however,  very  much  in  differ. 
ent  individuals,  and  is  much  more  abundant  in  men  in  active  age  than  in 
women  or  in  old  men.  Thus  Lecanu  found  the  quantity  of  urea  secreted 
in  twenty-four  hours,  by  men  in  the  prime  of  age,  to  vary  from  350  to 
500  grains ;  in  women  it  varies  from  l.W  to  430  grains ;  while  with 
old  men  (he  limits  were  80  and  180  grains.  In  children  the  quantity  is 
still  smaller,  and  infants  secrete  scarcely  a  trace  of  urea. 

Uric  Acid,  and  Hie  Bodies  derived  from  it- 
The  uric  acid  exists  in  the  urine  of  all  carnivorous  animals.  In  birds, 
leptiles,  and  many  insects,  it  is  voided  with  the  excrements,  and  the  urine 
is  in  such  a  slate  of  concentration  as  to  form  a  white  mass,  nearly  solid, 
which  consists  almost  totally  of  urate  of  ammonia.  In  the  small  islands 
of  the  South  Sea,  which  are  inhabited  by  great  Bocks  of  aquatic  birds,  it 
accumulates  in  such  quantity  as  to  be  an  article  of  commerce,  being 
brought  to  South  America,  and  even  to  Europe,  under  the  name  of  guano, 
and  used  as  manure.  In  many  diseases  it  is  generated  by  the  system  in 
abnormal  quantity,  and  constitutes,  free  or  combined  with  bases,  the  gouty 
and  arthritic  concretions,  and  many  forms  of  vesical  calculus. 

For  the  purposes  of  the  chemist,  the  uric  acid  is  most  easily  obtained 
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from  the  white  solid  excrements  of  tlie  larger  serpents  in  tlie  menngeriea. 
This  is  to  be  boiled  in  a  solution  of  caustic  [)i>lasli,  and  Ihe  filtered  ii<jiior 
decompijsed  by  the  addition  of  muriatic  acid  in  excess.  The  precipiiate 
should  be  boiled  in  water  for  some  time,  tlien  well  washed  and  drifid.  It 
crystallizes  in  minute  brilliant  white  scaits,  which  are  very  slightly  solu- 
ble ia  boiling  water ;  the  solution  reddens  litmus  ;  it  is  tasteless ;  it  dis- 
solves in  oil  of  vitriol,  forming  a  crystallizable  compound,  which  ia  de- 
composed on  the  addition  of  water :  the  action  of  nitric  acid  is  dilTerent. 
When  healed,  it  is  decomposed,  giving  a  great  variety  of  products,  urea, 
hydrocyanic  and  cyanuric  acids,  carbonate  of  ammonia,  &c.  Its  formu- 
la is  N,C|o  .  H,Os;  its  salts  are  not  wcti  characterized  ;  those  of  the  al- 
.kalies  are  very  sparingly  soluble,  and  are  decomposed  by  all  acids  except 
the  carbonic  acid.  The  Urate  of  Ammtmia  is  the  material  of  the  white 
excrement  (dry  urine)  of  birds  and  serpents.  The  Urate  of  Soda  is  the 
principal  material  of  gouty  deposites.  The  uric  acid  is  specially  inter; 
eslingfor  the  number  of  iraporiaot  bodies  to  which  it  gives  origin  by  the 
action  of  reagents,  and  of  which  some  are  also  products  of  the  organiza- 
tion J  for  our  accurate  knowledge  of  these  we  are  indebted  to  the  recent 
investigations  of  Liebig  and  VVShler. 

AllantoKi.— -This  substance  exists  in  the  waters  of  fhe  allantois  of  the 
cow,  being  contained  in  the  urine  of  the  fcetus,from  which  it  may  bo  ex- 
tracted by  evaporation  and  crystallization.  It  is,  however,  much  more 
easily  formed  from  Uric  acid.  Freshly- prepared  peroxide  of  lead  is  to  be 
added  to  uric  acid,  diffused  through  twenty  parts  of  boiling  water  as  long 
as  its  colour  is  destroyed.  The  boiling  liquor  is  to  be  filtered,  evapora- 
ted till  crystals  begin  to  form,  and  then  allowed  to  cool.  The  allantoin 
crystallizes,  and  the  mother  liquor  contains  abundance  ofurea.  At  the 
same  time,  oxalate  of  the  protoxide  of  lead  is  produced,  2(N4C,o .  H40e) 
and  5H.0.  wiih,4Pb.Ui,  producing  4(C203-f-Pb.O:) ;  with  urea,  2[N, 
Ci  .  HA),  and  allantoin,  N,Cs  .  HjOj.  On  this  reaction  Liebig  founds 
a  theory  of  the  constitution  of  uric  acid,  to  which  I  shall  have  occasion 
again  to  recur.  He  considers  it  (o  contain  urea  ready  formed,  and  a  hy- 
polhelic  substance,  for  which  he  proposes  the  names  of  Vril,  or  Cyanox- 
alic  •Acid,  it  being  oxalic  acid  in  which  oxygen  is  replaced  by  cyanogen, 
CjO,-t-Cy.  Thus  uric  acid,  N,C,o  .  H,0,=NA  .  H,02+2(CACy.). 
In  forming  allantoin  on  this  view,  the  urea  is  set  free,  and  the  cyanos- 
alic  acid,  with  oxygen. and  water,  gives  oxalic  acid  and  allantoin, 

Allantoin  forms  rhombic  prisms,  which  contain  an  atom  of  water.  It 
is  sparingly  soluble  in  water,  and  perfectly  neutral.  By  boiling  with  a 
strong  alkali,  it  combines  with  the  elements  of  water,  giving  oxalic  acid 
and  ammonia.  It  does  not  form  a  definite  compound  with  any  base  but 
oxide  of  silver. 

AUfucan. — The  products  of  the  action  of  nitric  acid  on  nric  acid  present  consider- 
able inleres!,  from  their  number  and  ponneiion.  On  adding  one  part  of  uric  aoid 
gradually  lo  four  [iaits  of  strong  nitric  aoid,  it  is  dissolved  with  much  heat,  and  co- 
pious disengagement  of  carbonic  acid  and  nitrogen.  The  rise  of  temperature  being 
frevenieil  as  muchas  possible,  the  liquor  solidifies  on  cooling  to  a  mass  of  granular 
crystals,  which  are  to  be  drained,  and  then  reciystallized  from  the  smallest  possible 
quantity  cif  boiling  water.  This  is  AMottani  its  crystals  are  short  right  rhombic 
priams,  brilliant  and  colourless.  In  dry  ^r  they  effloresce,  losing  6  Aq.;  at  ahighe' 
temperature  i(  crystallizes  in  oblique  rhombic  prisms  which  are  anhydrous,  and  nave 
Ibe  formula  NjCj .  HiOio ;  its  solution  in  walerreddens  litmus,  and  stains  Ihe  skin 
purple;  when  neutralized  by  an  alkali,  it  striltes  an  indigo-blue  colour  with  aproto- 
Kalt  of  iron ;  it  is  decomposed  by  almost  all  reagents,  producing  a  series  of  bodies 
that  will  be  successively  examined;  its  origin  consists,  probably,  in  Ihe  aryl  being 
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oxidized  by  oxygen  from  the  nilfie  acid,  lea?i[ig  hyponiiroos  acid;  which,  reaesing 
on  the  urea,  gives  the  mixiure  of  the  caruuaic  acid  and  nitrogen  gases.  Ttie  ailox- 
an  may  thus  Ue  CDnsidereil  as  a  hyilraied  deutozide  of  iiryi. 

AMajMnu:  Acid  is  formed  by  acting  on  alloxan  kvilh  strong  alkalies  or  by  baijtesi 
when  separated  Irum  its  comiiinations  by  a  stronger  anid,  It  crystallizes  in  colour- 
less neeilles,  wliich  have  a  strung  acid  res.ctLoa ;  its  alkaline  salts  are  soluble ;  those 
with  the  earths  and  heavy  metallic  oxides  sparingly  soluble ;  it  is  lusolutila  in  wa- 
ter j  its  formnia  is  NjCa .  H^Os  when  dry,  toe  alloxan  havii^  lost  the  elements  of 
two  atom.-,  of  water.  When  a  solution  of  aJlojanala  of  barytas  ik  boiled,  or  when  a 
so'.tuion  of  alloxan  is  gradtially  adiied  to  a  boiling  solution  of  sugar  ol' lead,  anotiier 
acid  is  formed,  M:sacalu:  Acid,  which  in  the  latter  oaa^  jirecipitaies  an  insoluble  saiX 
of  lead,  and  the  liquor  coatains  ureaj  the  aliosan  braalimgnp  into  NjCi  -  liOj  and 
SCjU(,  which  is  the  coQsticatiou  of  the  mesuxalic  acid,  which  has  probably,  there- 
fore, sji  isomeric  oxide  of  carlxiu  (CiOa)  tor  its  base,  and  belongs  to  the  same  group 
as  the  mellitic  and  rhodizonlc  acids  (p.  49G).  By  oxidiziug  u^ts,  the  tiicsuxalic 
acid  is  converted  into  carbonic  acid;  thus,  with  a  solution  ol  nitrate  of  silver,  it 
gives  a  clear  yellow  precipitate,  which,  when  boiled,  is  convened  into  caiwnic 
ttcid  and  melaUlc  silver. 

MijcomdiaU  ^dd. — If  asplution  of  alloxan  in  water  of  ammonia  be  healed,  a 
browiUsh-yellaw  precipitate  falU^  which  is  mycomelinaie  of  anunonia,  by  boiling 
which,  or  by  washiiig  with  dilute  sulphuric  acid,  the  ammonia  is  removet^  and  the 
mycomalinic  acidrenudns  as  a  yellow  jelly,  which  dries  to  a  coarse  yellow  powder. 
It  is  sparingly  soluble  in  water;  its  .salts  are  gelatinous,  sparingly  soluble  flocks; 
the  foimula  of  the  acid  Is  NiCs .  HsOe,  being  isomeric  with  anhydrous  allantoTn. 

ParahaiHs  Add. — If  alloxan  be  heated  with  an  excess  of  nitric  acid,  it  dissolves, 
nitrogen  gas  is  evolved,  and,  on  cooling,  the  new  acid  separates;  it  is  also  easily 
procured  from  uric  acid  by  using  an  excess  of  nitric  acid;  It  forms  colourless,  trans- 
parent, six-sided  prisms,  and  tastes  like  oxalic  acid.  It  is  partly  volatilized  and 
partly  decijtmKised  by  heat.  If  the  crystals  he  heated  to  312^,  they  assume  a  reddish 
colour;  the  formula  of  the  crystallized  acid  is  N2Ce04-|-'2  Aq.;  hence  alloxan^wilh 
SO.  produces  3O.O2,  with  4H.0.  and  NiCoO).  By  contact  with  bases,  this  acid  is 
decojnposed,  producing  ilie  mxjUwric  Add.  This  is  best  prepared  by  dissolving  pa- 
rabanic  acid  m  caustic  ammoaia,  boiling,  and  then  letting:  the  liquor  coo) ;  it  Idrms 
a  mass  of  small  brilliant  white  crystals  of  oxalurate  ol  ammonia.  The  oxaluric 
acid  is  also  a  product  ofother  reactions  on  aric  acid,  some  of  which  will  be  special- 
ly noticed  hereafter.  It  is  a  strong  acid,  and  is  obtained  free  by  dissolving  its  am- 
monia salt  in  boiling  water,  adding  ati  excess  of  dilute  muriatic  acid,  and  rapidly 
cooling,  when  theoxalttric  acid  separates  as  a  whiieor  slightly  yellow  powder;  if 
long  boiled  in  water,  it  is  decomposed  into  oxalic  acid  and  oxalate  of  urea,  of  which 
it  contains  the  elements,  its  formula  being  NzCs  -  H^Or-i-Aq. 

Timiii/iiiric  Add. — If  sulphurous  acid  gas  be  passed  through  a  saturated  solution 
of  alloxan  until  the  liquor  begins  to  smdl  strongly  of  the  gas,  and  then  ammonia  be 
added  in  excess,  after  some  time  brilliant  while  rhombic  tables  form,  which  are 
thionnraic  of  ammonia.  By  recrystallization,  this  salt  generally  becomes  pale 
rose-red,  but  is  not  altered  in  constitution.  To  obtain  the  acid  free,  a  solution  of 
this  ammonia  salt  is  to  be  precipitated  by  acetate  of  lead,  and  the  thionurate  of  lead 
decomposed  by  sulphuretted  hydrogen.  By  evaporation  of  the  liquor,  the  acid  re- 
mains'as  a  white  semlcrystalline  mass;  it  is  easily  soluble  in'water,  reddens  lit- 
mus strongly;  its  formula  is  NsCg ,  HiOitS:;  it  contains  thus  the  elements  of  one 
atom  of  alloxan,  one  of  ammoaia,  and  two  of  sulphurous  acid ;  it  is  a  bibasic  acid. 
If  a  strong  solution  of  thiunuric  acid  be  bailed,  it  becomes  turbid,  and  soon  solidiHes 
to  a  mass  of  brilttanl  silky  crystals,  while  the  liquor  contains  much  sulphuric  acid; 
Ihs  crystalline  substance  being  draindd  and  washed  with  cold  water,  in  which  it 
scarcely  dissolves,  is  termed  Unaails  it  ia  white,  soluble  in  dilute  alkaline  liijnors, 
and  precipitated  therefrom  unchanged  by  the  addition  of  an  acid,  but  by  strong  al- 
kalies it  JS  decomposed,  ammonia  being  evolved,  and  uramilic  acid  formed.  The 
formula  of  uramil  is  NjCj .  HiO(;  the  thionaric  acid  might  be  considered  as  bisul- 
pbaie  of  uramil.  The  Uraiailk  Add  is  formed  by  the  action  of  acids  and  alkalies 
onaramil;  it  crystallizes  in  colourless  needles,  which  diswive  in  acids  and  alkalies, 
forming  with  the  latter  well-defined  salts;  its  formula  is  NiCie ,  HioOis. 

Allacci'tlin'. — This  substance  is  fijrmed  as  a  product  of  the  moderate  oxidation 
of  uric  acid,  or  it  may  be  obtained  by  acimg  on  alloxan  with  deoxidlzino;  agents. 
Uric  acid  is  to  be  diffused  through  boiUng  water,  and  the  dilute  nitric  acid  added 
until  a  perfect  solution  Is  obtained.  On  filtering  and  cooling,  the  alloxanttae  grad- 
ually crystallizes.  The  mother  liquor  contains  much  urea.  If  sulphn retted  hydro- 
gen gas  has  been  passed  through  a  solution  of  alloxan,  solphur  is  deposited,  and  al- 

""     ■  .e  formed,  and  the  hame  effect  is  produced  by  acidulating  the  solution  of  al- 
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Joian,  ana  immeisiDg  (herein  a  slip  of  zinci  Ihe  alloxan  is  deoxidized  by  the  nas- 
cent  hj-cirugen.  By  the  gaivanie  batlery  alloxan  is  resulved  into  ojcjgen  and  alioi- 
anliiie.  I;  is  sparingly  soluble  in  cold,  but  much  moK!  in  boiling  waier,  and  crys- 
tatlizes  in  shoi'i  oblique  i-hombic  prisms  which  coiitain  3  Aq.,  wliich  [hey  lo.-ie  only 
by  a  heat  above  30iP.  The  sulution  of  alloiantiae  reddens  lilmas,  but  does  not 
form  saita  with  bases,  being  immediately  decomposed  by  contact  with  them.  Its 
tormida  is  NsCa .  HiOm 

'  By  ojiidizing  bodies,  as  nitric  acid,  chlorine,  or  oxide  of,  silver,  il  is  immediately 
caavened  iuto  alloian.  if  treated  by  an  excess. of  sulphuretted  hydrogen,  more  sul- 
phur is  set. free,  aad  the  liquor  becomes  strongly  acid.  The  body  thus  Ibrmed,  if 
mixed  with  alloxan,  regenerates  alloxantine  from  both.  If  neutralized  by  carbonate 
of  ammonia,  a  white  crystalline  precipitate  forms,  which  is  a  salt  of  ammonia,  of 
which  the  ibtmula  is  NaCn .  HiO;.  Liebig  considers  it  to  contain  a  body  which  he 
terms  the  Dudiirk  Add,  the  formula  of  which  is  NjCeOi,  being  isomenc  with  the 
oyanoxalio  acid  or  uiyi  already  noticed.  The  IMaheraie  of  Aiammtia  is  therefore 
NsCaOj+N.HiO.+S  Aq.  It  may  be  produced  by  adding  hjdrosulphuret  of  ammo- 
nia to  a  saturated  solution  of  uric  add  in  dilute  citric  acid,  or  by  acting  on  alloxan 
with  zinc  and  morialic  acid  in  excess.  Though  white  when  first  produced,  it  be- 
comes, rose-red  by  drying,  and  at  212°  blood-red,  and  loses  ammonia.  It  is  by  no 
means  established  that  ihjs  body  is  a  true  ammoniacal  salt  as  described  by  Liebig, 
or  that  the  dialurie  acid  really  exists.  Berzelius  looks  upon  it  as  a  compound  of 
alloxaitline  and  alloxantine-amide. 
'.  By  boiling  with  sal  ammoniac,  alloxantine  is  converted  into  uramil  and  alloxan, 
while  iJuriatic  acid  becomes  free.  By  the  action  of  oxygen  upon  an  ammoniacal 
solution  of  alloxan  tine,  nramil,  oaaluric  acid,  and  mycomelinic  acid  are  generated. 

JMJEireci^. — This  remarkable  substance  may  be  produced  by  a  variety  of  reactions, 
none  of  which  are,  however,  quite  constant  in  their  result.  On  evaporating  a  solu- 
tion of  uric  acid  in  very  dilute  nitric  acid  until  the  liquor  becpmes  Qesh-rad,  and 
then  adding  dilute  water  of  ammonia  in  slight  excess,  and  cooling,  ilje  murexid 
ciysiallizes.  In  this  process  a  very  slight  excess  or  deficiency  of  any  of  the  ingre- 
dients prevents  success,  and  Gregory  proposes,  as  the  most  certain  method,  to  dis- 
solve four  parts  of  alloxamine  and  seven  of  bydrated  alloxan  in  240  parts  of  boil- 
ing water  and  eighty  of  solution  of  carbonate  of  ammouin,  when  the  murexid  crys- 
tallizes by  gradual  cooling.  By  the  action  of  uramil  and  ammonia  it  may  also  be 
generated,  and  is  the  ordinary  source  of  the  purple  colours  that  are  produced  in 
many  of  the  reactions  already  described. 

The  Mwesrid,  the  name  of  which  is  derived  from  the  mw&r,  the  shell-fish  famish- 
ing the  Tyrian  purple,  crystallizes  in  short  rhombic  prisms  of  a  gamet-red  colour, 
and  by  reflected  light  have  a  green  metallic  lustre.  It  dissoh-es, sparingly  in  cold, 
copiously  in  boiling  water;  il  is  insoluble  in  ether  and  alcohol.  Gregory  has  found 
that  it  is  sometimes  soluble,  and  at  others  insoluble  in  -vvater  of  ammonia,  whence 
he  suggests  that  two  different  bodies  have  been  confounded  under  this  name.  It 
dissolves  in  caustic  j potash,  with  an  indigo  blue  colour,  which  disappears  by  heal, 
ammooia  being  evolved ;  it  does  not  appear  to  combine  with  bases ;  its  formula  is 
N5C12 .  HsOj.  By  the  mineral  acids  and  by  sulphuretted  hydrogen  it  is  decompo- 
sed, ammonia,  aUoxautine,  alloxan,  and  dialurie  acid  being  evolved,  besides  an- 
other body  termed,  Jfttrraoji.  This  substance  is  more  abundantly  produced  by  dis- 
solving muiexid  in  a  boiling  solution  of  potash,  and  when  the  blue  colour  has  to- 
tally disappeared,  adding  sulphuric  acid  in  excess.  It  precipitates  in  white  silky 
crystalline  scales :  its  formula  is  N^Cs .  HjOs ;  it  dissolves  in  caustic  alkalies  with- 
out neutralizing  them.  If  its  solution  in  ammonia  be  exposed  to  the  ail,  oxygen  is 
absortied  and  murexid  regenerated. 

The  murexid  was  long  since  described  by Trout  under  the  na.me  ol  Pur^eraU  of 
Aitanoma;  and  Fritzsche  has  revived  the  idea  that  it  is  really  an  ammoniacal  salt 
of  a  distinct  acid,  I'v.rpurie  Acid..  By  the  double  decomposition  of  murexid  with 
saltsof  potash,  barytes,  lead,  and  silver,  he  has  obtained  purpurates  of  these  bases, 
the  formula  of  which  shows  the  acid  to  be  composed  of  WsCis .  HaOif.  Tlie  mn- 
rexid  is,  according  to  this  chemist,  composed  of  NeCio .  HbOii=HsCi8  .  HjOio-f- 
W.HjO.    The  evidence  brought  forward  by  Fritasche  against  Liebig's  view  is  veiy 

In  the  urine  of  herbivorous  animals,  and  occasionally  in  children,  the  uric  acid  is 
replaced  by  a  difierent  body,  the  Hippuric  Acid,  which  exists  therein  combined  witii 
soda.  The  urine  of  horses  and  cows  is  to  be  evaporated  to  one  eighihof  its  volume, 
and  mixed  with  muriatic  acid,  which  produces,  after  some  time,  a  yellowish  ciys- 
talline  precipitate.  This  is  to  be  dissolved  by  boiling  with  some  lime;  chloride  of 
lime  is  to  be  added  to  the  liquor  antil  it  is  neatly  decolorized,  and  the  smell  of  urine 
has  disappeared;  being  ^eit  digested  with  ivory  black  and  Altered,  l}ie  puieacidis 
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......        ^  icid.    By  the  coaling  of  the  liquor  it  crystallizes  in  delicata 

siliiy  needles  or  rhombic  prisms ;  its  tasie  is  very  sliglitly  biller,  hut  ii  reddens  lit- 
mus strongly .  W  lien  heated,  it  melts,  aad  is  then  decomposed,  giviug  a  crystalline 
sublimate  of  benzoic  acid  with  ammonia  and  prussic  acid.  It  is  very  sparinglj 
soluble  in  cold,  but  copiously  in  boiling  waierj  very  soluble  in  atcohol.  By  nitria 
acid  and  other  oxidizing  agents,  it  ia  decomposed,  and  benzoic  acid  is  formed.  Its 
sails  are  all  soluule  and  crystallize;  Ihey  resemble  the  beuzoaies  exaclly.  The  foi> 
mulaof  the  crvstallized  acidis.N.Cis .  HsO^+Aq.  The  constant  iraDsturmation  of 
this  acid  into  benzoic  acid  has  given  origin  to  maav  theories  of  iis  constitution.  Il 
has  been  supposed  by  some  to.coniain  benzoic  acid  ready  formed,  by  others  benza- 
mid,  and  by  olUeis  oil  of  biiler  almonds,  but  none  of  these  views  have  even  inuch 
probability  in  their  favour. 

Of  the  Urme  m  Disease       Urinary  Calculi, 

To  the  pathobgist  and  phyicnn,  the  indications  of  disease  of  the 
urinary  and  digestive  orgais  iui  Dialled  by  changes  in  the  composition 
of  the  urine,  ait  moht  valuable  flie  majority  ot  the  substunces  which 
are  taken  into  the  circulation,  but  aie  incapable  of  assimilation  to  our 
oigans  are  thrown  offbj  this  secietim  aud  hence  a  variety  of  medicinal 
substances  m  ly  be  traced  to  it  alter  having  been  ingested,  sometimes  quite 
unaheied,  at  otheis  modiRH  in  their  natuie  fhu",  it  alkaline  salts;  of  or. 
game  HCiiJ!,  be  takPD  into  the  stomach  the  oigamc  n;iaterial  is  oxidized, 
probibly  d  iring  the  action  of  respiralion,  while  the  alkali  passes  into  the 
ui  ine  m  the  state  of  carbonate  If  h  )  vever,  the  organic  acid  be  taken 
unconbmed  it  escapes  decomposition  and,  passing  inlo  the  urine,  pro 
duces  an  abundant  precipitate  ol  salts  ol  lime,  in  the  case  of  the  tartaric 
and  ofilic  acids 

Iodide  of  polissium  and  iodine  pass  into  the  urne,  the  latter  as  by. 
dnodic  acid  Some  organic  bodies,  ai  aspa  Jgine  and  oil  of  turpentine, 
are  dec  imposed  and  the  products  which  they  foim  are  excreted,  giving 
to  the  uiiiie  peculiar  odours,  in  the  lalter  case  I  ke  that  of  violets.  Ni- 
trate of  potash  yellow  prusaiate  of  potash  and  most  other  alkaline  and 
earthy  salts,  pass  into  the  urine  unchanged  The  majority  of  colouring 
matters  are  thiown  out  of  the  system  by  meina  of  this  secretion,  while 
others,  as  cochineal  and  litmus,  aie  not  so  given  off 

The  mineral  acids,  alcohol,  camphoi,  mo^t  metallic  salts,  do  not  pass 
into  the  urmc  in  any  sensible  degree 

Vnns  in  UtaheUs  — The  most  remarkable  change  in  the  nature  of  the 
unne  occuis  m  diabetes  melluu'^  It  is  voided  in  great  quantity.  Its 
specific  gravity  is  very  high  from  1030  to  10')0  and  it  is  found  to  con. 
tain  a  very  laige  quantity  of  grape  sugar  and  very  little'  urea.  It  was 
supposed  that,  in  this  disease,  urea  censed  to  be  formed  by  the  system, 
and  was  replaced  by  sugar  ;  but  I  have  shown  that,  although  the  quantity 
of  uiea  IS  very  small  in  any  one  specimen  of  the  urine,  yet  the  total 
quantity  is  so  much  increased,  that  in  twenty-four  hours  the  natural 
quantity  of  urea  is  secreted  ;  the  secretion  of  sugar  being  an  act  of  faulty 
digestion,  and  totally  unconnected  with  the  urea.  These  results  have 
been  iullv  confirmed  by  Macgregor.  The  diabetic  urine  sometimes  con- 
tains  albumen,  which  arises  from  complication  of  other  forms  of  disease.- 

As  the  average  composition  of  urine  in  diabetes,  the  follosving  may  be 
taken,  analyzed  by  myself.  Its  specific  gravity  was  1'0363 ;  it  contained 
in  1000  parts,  water  913,  sugar  60,  urea  6'5,  salts,  extractive  matters, 
and  uric  acid  20-5.  This  patient  made  in  volume  about  four  times  the 
healthy  quantity  of  urine  in  twenty-four  hours. 

Vrine  in  Dropsies. — In  these  diseoses,  particularly  where  associated. 
4S 
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with  disease  of  the  kidneys,  the  urine  is  not  increased  in  ([uantity  ;  jts 
flpecific  gravity  is  very  low,  1005  to  1015,  and  it  contains  but  vei-y  little 
Urea,  but  geoeralty  albumen,  and  sometimes  CQseiim.  In  these  cases,  the 
urea,  which  is  deficient  in  the  urine,  is  found  in  the  serum  of  the  l)lood 
and  in  the  dropsical  effusions.  In  some  slates  of  the  system,  which  do 
not  appear  connectfid  with  any  distinct  disease,  milk  passes  into  the  urine, 
in  which  as  well  the  butter  as  the  caseiim  may  be  detected.  Such  cases 
have  even  been  met  with  in  males.  In  jaundice  the  colouring  materia! 
of  the  bile  passes  abundantly  into  the  urine,  and  may  he  delected  by 
nitric  acid.  The  natural  elements  of  the  urine  are,  however,  not  altered 
in  quantity. 

B/ue  and  Black  Urine. — The  urine  has  been  observed  coloured  deeply 
blue  by  a  peculiar  organic  substance,  which,  however,  has  not- been  ac- 
curately examined.  Eraconnot  found  that  it  conlained  oitmgen,  and  waa 
reddened  by  acids,  and  the  colour  restored  by  alkalies.  But  Sprangen- 
berg  found,  in  the  case  he  observed,  that  acids  dissolved  the  blue  sub- 
stance without  changing  it's  colour.  Moncet  observed  in  the  urine  of  a 
child  a  black  matter  insoluble  in  water,  but  soluble  in  alkalies,  Prout, 
who  also  observed  this  substance,  termed  it  melanie  acid. 

In  many  states  of  the  system,  particularly  in  arthritic  rheumatism, 
there  ia  a  great  tendency  to  the  formation  of  uric  acid,  and  the  urate  of 
ammonia  ia  deposited  under  the  form  of  a  crystalline  precipitate  when 
the  urine  cools.  It  is  usually  mixed  with  more  or  leas  of  a  yellowish-red 
body,  which  is  not 'purpu rate  of  ammonia  (raurexid),  as  Proot  supposed, 
but  a  peculiar  organic  substance,  soluble  in  alcohol,  which  deserves  more 
minute  examination.  The  deposition  of  this  excess  of  matter  in  the 
joints  and  sheaths  of  the  tendons,  produces  the  goufy  concretions,  which 
consist,  for  the  most  part,  of  urate  of  soda. 

In  other  conditions  of  the  system,  the  formation  of  phosphalic  salts 
predominates,  and  precipitates  occur  in  the  urine  which  are  generally 
more  crystalline  and  less  highly  coloured  than  those  of  uric  acid  or  of 
urates.  As  these  different  conditions  of  the  secreting  organs  require 
different  modes  of  treatment,  it  is  necessary  to  be  able  simply  to  distin- 
guish between  these  two  Jtinds  of  sediment.  It  is  sufficient  to  remark, 
that  the  uric  acid  deposite  is  soluble  in  alkalies  and  insoluble  in  dilute 
acids,  while  the  phosphalic  sediments  dissolve  in  dilute  acids,  hut  not  in 
alkaline  liquors,  even  though  decomposed  by  them. 

The  uric  acid  and  the  inorganic  salts  of  the  urine  are  afterward  de- 
posited in  the  bladder,  and  form  urinary  calculi. 

The  Uric  Acid  Calculus  is  probably  the  most  common.  It  is  recog. 
nised  by  being  decomposed  by  heat ;  being  soluble  in  caustic  alkalies, 
and  precipitated  by  acids.  When  dissolved  in  nitric  acid,  evaporaled 
and  moistened  with  water  of  ammonia,  it  gives  the  rich  purple  colour  of 
murexid. 

The  Urate  of  Ammonia  Calculus,  in  addition  to  the  characters  of  uric 
acid,  gives  off  ammonia  when  dissolved  in  solutions  of  caustic  potash. 

The  Phasphale  of  Lime  Calculus  fuses  with  difficulty,  or  not  at  all, 
before  the  blowpipe.  It  is  dissolved  by  muriatic  acid,  and  prpciphated 
by  caustic  ammonia  from  this  solution  as  a  while  powder  not  crystal. 

The  Ammoniaco-magnesian  Phosphate  Calculus  is  generally  crystal- 
line in  structure  ;  before  the  blowpipe  it  gives  off  ammonia,  and  uiti- 
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mately  mella,  though  with  difficulty.  It  also  givea  off  ammonia  when 
boiled  with  caustic  potash.  It  dissolves  in  dilute  acids,  and  is  precipita- 
ted ss  a  crystalline  powder  oq  the  addition  of  causiic  ammonia. 

The  two  latter  calculi  often  form  together,  and  produce  the  Triple 
Phosphate,  or  Fusible  Calculus.  This  melts  readily  before  the  blowpipe, 
and  if  dissolved  in  a  dilute  acid,  it  gives  with  oxalic  acid  a  precipitate  of 
oKaiate  of  lime,  and  then,  with  aa  alkali,  a  crystalline  deposite  of  ammo- 
niac o- ma  gnesian  phosphate. 

All  of  tliese  various  deposites  may  occur  in  the  bladder,  either  success- 
ively, and  form  the  Alternating  Calculus,  or  together,  forming  the  Mixed 
Calculus.  The  recognition  of  these  species  will  depend  on  the  careful 
application  of  the  methods  by  which  each  component  may  be  known,  aa 
already  described. 

It  is  not  very  unfrequent  to  meet  with  calculi  formed  of  materials  which 
do  not  exist  in  healthy  urine,  but  are  produced  by  the  decomposition  of 
its  naturyl  constituents.  Thus  the  Mulberry  Calculus,  so  called  from  iis 
usual  external  form,  consists  of  oxalate  of  lime.  When  ignited  it  leaves 
caustic  lime,  which  browns  wet  turmeric  paper  strongly,  dissolves  in 
muriatic  acid,  and  is  precipitated  hy  adding  oxalate  of  ammonia.  Cal- 
culi have  been  found  also,  though  rarely,  consisting  of  carbonate  of  lime 
and  ol* carbonate  of  magnesia. 

Tiie  most  remarkable  calculi  of  this  class,  however,  are  those  formed 
of  the  Cystic  Oxide  and  Xartthic  Oxide,  substances  of  purely  organic  na- 
ture. The  latter  body  is  yellow,  soluble  in  alkalies,  and  is  pi-ecipitated 
by  the  addition  of  an  acid.  It  dissolves  in  nitric  and  sulphuric  acids,  but 
not  in  muriatic  or  oxalic  acids.  Its  formula  is  NiCm  ,  H^Oj.  It  con. 
tains,  therefore,  the  same  carbon,  oitrngen,  and  hydrogen  as  uric  acid, 
but  less  oxygen,  whence  the  name  Uric  Oxide  has  been  proposed  for  it. 
The  Cystic  Oxide' Calculus  consists  of  small  yellow  crystalline  plates, 
which  dissolve  in  alkalies,  and  crystallize  out  again  on  the  addition  of  an 
iicid,  by  an  excess  of  which  the  cystic  oxide  is,  however,  redissolved. 
When  heated  strongly  it  is  decomposed,  evolving  sulphurous  acid  and 
ammonia.  It  forms  definite  salts  with  the  nitric  and  muriatic  acids.  Its 
formula  is  N.CeHa.  OA. 

When  blood  is  effused  into  the  bladder,  the  fibrine  is  occasionally  ag. 
gregated  as  a  calculus,  the  recognition  of  which  is  very  simple,  from  what 
lias  been  said  of  the  properties  of  fibrine  (p.  663). 

Those  who  would  wish  for  more  detailed  information  of  the  properties 
of  calculi,  and  of  the  composition  of  the  urine  in  health  and  disease,  I 
would  refer  to  the  truly  classical  work  of  Doctor  Front  on  the  Diseases 
of  the  Stomach  and  Urinary  Organs. 

SECTION  V. 


OF    THE    MILK,    AND    OTHER    NATURAL    AND    MORBID    PRODtrcTS,    MOT 
INCLUDED    IN    THE    PRECEDING    SECTIONS. 

Some  of  the  most  remarkahle  constituents  of  milk  have  been  al- 
ready described,  as  lactic  acid  (p.  536),  the  sugar  of  milk  (p.  535), 
the  butter,  fats  (p.  589).  It  only  remains  to  notice  the  general  com- 
position of  milk,  and  the  properties  of  the  Caseiim  or  curd.  It  is 
ivell  known  that,  by  standing,  milk  abandons  the  greater  part  of  its 
butter,  which  separates,  with  other  substances,  as  Cream.     Berzelina 
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found  ibe  cream  from  cows'  milk  to  have  specific  gravity  1-0244^ 
and  to  consist,  in  100  parts,  of  4*5  of  butter,  separated  by  agitation, 
3-5  of  caseiim,  with  some  butter,  separated  by  coagulation,  and  92 
of  wliey..  The  skimmed. milk  had  a  specific  gravity  of  1-031.8,  and 
contained  in  100  parts: 

Caseous  matter  wilh  some  batter    . 

Sugar  of  milk 

AlcohoDc  ejLtract  wilh  lactic  acid  . 

Chloride  of  potassium 0170  (.lOOCO. 

Alkaline  phosphates  .,.,....,    0(S5 

Earthy  p. 

Water  . 


a  iVie 


lablo  presents  the  best  results  that  bave  been  a 
iverage  composition  of  the  milk  of  different  aHima 


Specific  gravity  .     . 
Water 

10395 

10323 

10333 

ll)3S0 

10380 

88-36 

63  2 

65-74 

Extractive     .     .     > 

l'S4 

!1S) 
153 
58 
42 

3  90 

Caseine     .... 

Batter 

Sugar   

Asiies   .     .    .     .     j 

340 
353 
4-35 
033 

!-83 
0-75 
8  75 

IBS 
1-29 
6  3S 

700 
3  S3 
3  87 
0  39 

17-40 

leso 

(Sails 
1-50) 

V,  and  appears  ic  ca 

n  soluble  and  a 
icipally  dissolve! 


The  butler  of  human  milk  is  more  solid  than  thai  of  tli 

The  Caseiim  or  Caseine  is  capable  of  existin] 
.nsotuble  condition,  like  albumer..  In  milk  it  is 
3ut  a  part  insoluble,  united  with  the  butter,  pi 
appearance  of  the  milk.  On  adding  sulphuric  acid  to  skimmed  milk, 
the  caseine  precipitates,  combined  with  the  acid,  as  a  white  congu- 
lum,  which,  being  washed  with  water  so  as  to  remove  al!  adhering 
niilk,  and  then  digested  with  carbonate  of  barytes,  the  caseine  dis- 
solves in  the  water,  and  may,  by  fihratjon,  bo  freed  from  all  traces 
of  the  butter,  sulphuric  acid,  or  bavytes.  The  caseine  may  also  be 
precipitated  by  alcohol,  and  when  the  curd  is  digested  with  ether 
to  remove  all  traces  of  butter,  it  imy  be  looked  ipon  aa  pure. 

The  solution  of  caseine  in  water  Js  thick,  like  mucilage ;  it  smells 
as  boiled  milk,  and  dries  down  to  an  amber-coloured  mass,  which  is 
again  soluble  in  water.  The  solution  is  coagulated  by  all  acids, 
even  acetic  acid,  particularly  when  hot,  and  by  alcohol.  In  relation 
to  acids,  caseine  is  similar  to  albumen,  except  that  to  acetic  acid; 
the  constitution  of  its  precipitates  being  precisely  similar. 

The  coagulated  condition  of  caseine  is  not  produced  by  boiling, 
hut  only  by  the  digestive  principle  (rennet,  pepsine),  as  already  de- 
scribed (p.  679).  When  thus  coagulated,  caseine  is  absolutely  un- 
distinguished from  coagulated  albumen  in  its  properties.  It  con- 
tains a  considerable  quantity  of  bone-earth  (phosphate  of  lime), 
amounting  to  five  or  six  per  cent., in  intimate  combination.  Its  or- 
ganic element  was  found  by  Mulder  to  be  proteme,  of  which  ten  at- 
oms are  combined  with  one  of  sulphur,  the  formula  of  caseine  Iieing 
C,ooH3,o .  N^O,jo  +  S.  It  contains  no  phosphorus,  but  to  each  atom 
60  expressed,  two  atoms  of  hibasic  phosphate  of  lime. 

When  coagulated  caseine  containing  water  (cheese)  is  kept  for 
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a.  long  time,  it  undefffoes  a  remarkable  kind  of  decomposition,  and 
a  substance,  crystaliizable  and  soluble  in  water,  is  obtained,  termed 
fay  Bcaconnot  Aposepedine.  By  Mulder's  experiments  it  appears, 
however,  to  be  impure  leucine  (p.  (i67)  ;  and  the  Caseous  Oxide  and 
Case'ic  jlcid  of  Prout  appear  also  to  be  the  same  bodies  as  have  been 
already  noticed  as  formed  from  the  decomposition  of  the  other  pro- 
teiiie  substances. 

By  contact  with  caseine,  su^ar  of  milk  is  rapidly  converted  into 
lactic  acid,  which  precipitates  the  caseine,  without,  however,  really 
coagulating  it  j  hence,  on  neutralizing  the  acid,  the  caseine  redia- 
fiolves,  and  may  react  on  a  new  quantity  of  sugar.  In  this  manner 
Freri";'  iias  shown  that  the  Lactic  Fermentation  may  be  carried  on  to 
an  indefinite  extent. 

Constitution  of  Eggs.— -The  sbcU  of  hens'  eggs  consists  of  from" 
90  to  95  per  cent,  of  carbonate  of  lime,  one  to  five  of  phosphate  of 
lime,  and  two  to  Sve  of  animal  matter.  Internally  it  is  lined  by  a 
membrane  analogous  to  epidermis.  The  white  of  e^^  is  a  concen- 
trated solution  of  albumen,  contained  in  the  cells  of  a  delicate  mem- 
brane, in  the  centre  of  which  the  yolk  is  suspended.  The  nutritive 
material  of  the  yolk  consists  of  albumen  and  an  oil ;  also  a  yellow 
colouring  matter  analogous  to  that  of  bile.  The  Oil  of  Eggs  is  ob- 
tained by  expressing  the  egg  boiled,  and  partly  torrefied;  it  is  red- 
dish-yellow, thick,  and  solidified  by  cold;  it  soon  becomes  rancid j 
the  solid  portion  of  it  appears  to  be  cholesterine ;  the  liquid  con- 
tains phosphorus  and  nitrogen,  and  is  not  saponifiable.  When  the 
young  animal  is  developed  during  incubation,  the  quantity  of  phos 
phoric  acid  in  its  bones  is  exactly  represented  by  the  quantity  of 
phosphorus  in  the  yolk  and  white ;  but  as  these  bodies  contain  very 
little  lime,  that  earth  must  be  derived  from  the  shell,  which  becomes 
thin  and  brittle  as  the  animal  advances  in  growth. 

Liquor  of  the  »5nEwios.— This  fluid,  in  which  the  fcetus  is  immersed 
before  birth,  appears  to  be  identical  in  constitution  with  the  liquor 
effused  from  serous  surfaces  in  dropsy  (p.  671).  The  Liquor  of  the 
^llanto'is  of  the  eow,  which  is  really  the  urine  of  the  fcetns,  is  of 
the  same  nature,  but  contains,  in  addition,  a.  small  quantity  of  allan* 
toin,  the  artificial  format  on  of  which  is  desciibed  p   686 

Black  Ptgmenl  of  the  Eye  — Tl'  is  substance  is  mtioluble  in  watei 
and  alcohol  It  is  decomposed  by  strong  acids  and  alkalies.  Caus- 
tic potash  disseises  it  forming  a  jellow  liquor  from  which  acida 
throw  doHn  a  clear  brown  powder  The  action  of  nitric  acid  is 
nearly  the  same  The  Cuttlefish,  Ink  has  much  analogy  with  the 
black  matter  of  the  eve  giving  when  diied  a  black  powder,  insol- 
uble in  water  alcohol  and  ether  vh  cl  d  ssol  es  in  nitric  acid  and 
potash  with  a  reddish  j  ellow  colo  r  fro  n  vh  ch  solution  a  yellow- 
ish powder  fnlls  when  it  s  eut  a!  zed  The  true  nature  of  these 
black  colouring  matters,  a  1  the  r  reljt  on  to  tl  e  melanic  acid  of 
Prout,  which  sometimes  appears  n  the  r  e  vould  deserve  atten- 
tive study. 

The  Humours  of  the  Eye  eo  s  st  of  ater  holding  in  solution  al- 
bumen in  sma!!  quantity  v  1  tl  e  i!ts  h  h  usually  accompany 
it.     The  crystalline  lens    ons  ste  of  albumen    n  a  state  of  beautiful 
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and  complex  organ izat ion,  amounting  to  about  thirty-eight  per  cent, 
of  the  entire  mass,  which  contains  about  sixty  of  water. 

Cerumen.  Wax  of  the  Eor.— This  substance  contains  an  albumi- 
nous material  insoluble  in  water,  a  solid  and  a  liquid  fat  soluble  in 
ether,  and  a  deep  yellow  matter  soluble  in  alcohol  and  insoluble  in 
ellier,  to  which  its  colour  and  very  disgusting  taste  are  due;  an- 
other constituent,  which  appears  to  be  peculiar  to  tliis  secretion,  is 
brown,  insoluble  in  caustic  potash;  it  most  resembles  hprn  in  its 
properties,  but  is  still  quite  distinct  from  that  body. 

Pus. — This  remarkable  morbid  secretion  has  generally  a  specific 
gravity  of  1'030.  It  consists  of  a  clear  liquor,  in  which  float  a  great 
number  of  yellow  globules,  of  various  sizes,  the  largest  "f^vhich 
are  about  twice  the  size  of  the  globules  of  the  blood.  Pus  ioses 
by  drying  86-1  of  water  in  100  parts,  and  hence  contains  13-9  of 
solid  materia],  from  which  alcohol  takes  5'9  of  fatty  and  extractive 
matters,  and  leaves  7'4'pcr  cent,  of  a  residue,  which  consists  of 
coagulated  albumen,  the  solid  globules,  and  a  substance  peculiar 

The  globules  of  pus  appear  to  consist  of  coagulated  albumen. 
The  serum  contains  two  liquids,  both  coagulable  by  heat.  One  is 
albumen,  the  other  Pyin,  which  is  characterized  by  being  coagula- 
ted both  by  heat,  by  acetic  acid,  and  by  a  solution  of  alum.  Giiler- 
bach,  who  has  recently  examined  pus  with  great  care,  finds  the  only 
certain  distinction  between  pus  and  mucus  to  be,  that  the  pus  glob- 
ules sink  alw.iys  in  water,  while  the  mucus  swims.  If  the  suspect- 
ed liquid  be  dried,  the  extraction  of  the  fatty  substance  by  ether 
should  decide  very  positively. 

.Ambergris. — This  substance,  which  is  generally  found  floating  on 
the  seacoasts  of  tropical  islands,  is  known  to  be  an  intestinal  con- 
cretion of  the  spermaceti  whale,  analogous  to  the  gallstones  of 
cholesterine  in  other  animals.  Its  principal  ingredient  is  the  j?m- 
breine,  which  is  obtained  by  solution  in  boiling  alcohol,  whence  it 
crystallizes,  on  cooling,  in  fine  needles.  It  is  white,  tasteless,  of  a 
very  agreeable  odour  ;  it  is  not  saponifiable  ;  its  formula  is  C33H32O 
By  boiling  with  nitric  acid  it  produces  ambreic  acid,  whieh  crystal 
lizes  from  its  solution  in  alcohol  in  small  colourless  tables ;  it  red- 
dens litmus,  but  is  scarcely  soluble  in  water  ;  it  forms  well-defined 
yellow  salts  with  the  alkalies ;  its  formula  appears  to  be  Cj^Hjo . 
N.Ois. 

SECTION  TI. 

OF    THE    PRESERVATION    AMD    PUTREFACTION    OF    AfJIHAL    MATTEKS. 

From  the  greater  complexity  of  composition  of  animal  substances, 
their  decomposition  is  more  rapid,  and  its  products  more  diverse, 
than  in  the  case  of  organic  bodies  of  vegetable  origin ;  while  the 
carbon,  hydrogen,  and  oxj'gen  give  origin  to  the  various  kinds  of 
ulmine  and  other  substances  of  the  same  class,  the  nitrogen  is  gen- 
erally evolved  as  ammonia,  and  the  sulphur  as  sulphuretted  hydro- 
gen. It  is  the  presence  of  these  bodies  that  give  to  putrefying  sub- 
stances the  disagreeable  odour  by  which  that  process  is  distinguish- 
ed from  mere  mouldering  or  rotting. 
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Even  during  life  the  constituent  particles  of  the  body  are  in  a 
continual  state  of  change,  being  absorbed  and  thrown.out  of  .the 
system,  while  others  are  assimilated  in  their  place.  Any  part  of 
our  conalituents,  liquid  or  solid,  which  becomes  unfitted  for  this 
vital  function,  is  thereby  killed,  and  must,  if  not  got  rid  of,  induce 
the  death  of  the  individual.  Hence  precisely  the  same  means  which 
give  to  animal  substances  the  fixity  of  constitution  which  belongs 
to  true  chemical  compounds,  and  thus  preserve  them  from  decom- 
position by  the  disturbing  action  of  their  own  elements  (as  when 
we  coagulate  albumen  by  an  acid,  by  corrosive  sublimate,  or  by 
sulphate  of  copper),  produce,  if  applied  to  the  living  body,  the 
death  of  the  part  or  of  the  whole  being,  by  depriving  the  blood  or 
the  tissue  of  the  mutabihty  of  constitution  which  is'required  for  the 
functions  of  the  animal  frame. 

It  is  thus  that  the  generality  of  metallic  poisons  act  in  producing 
death.  Being  absorbed  into  the  system,  they  unite  with  the  albu- 
men and  fibrine  of  the  blood,  and,  converting  them  into  the  insolu- 
ble compounds  which  we  form  in  the  laboratory,  unlit  them  for  the 
continual  absorptive  and  secretive  offices  which,  as  orgaws,  while 
they  live  they  must  fulfil.  If  the  injury  be  local,  and  limited  in  ex- 
tent, tiie  part  so  coagulated  may  be  thrown  off,  and'  after  a  certain 
time  the  functions  return  to  their  proper  order.  If  the  mass,  or  the 
importance  of  the  affected  parts  be  greater,  the  system  cannot  so 
get  rid  of  the  portions  which  have  thus  been  removed  from  the 
agency  of  life  to  6  bmit  to  merely  chemical  laws  ;  on  the  contrary, 
the  vital  powers  ol  the  remaining  portions  of  the  animal  are  so  much 
weakened  in  the  effort  that  general  death  is  caused. 

For  putrefaction  it  is  thus  necessary,  1st,  that  the  force  of  vitali- 
ty, which  governs  so  completely  the  mere  chemical  tendencies  of 
the  elements  of  our  tissues,  be  removed  ;  2d,  that  there  shall  not  be 
present  any  powerful  chemical  reagent  with  which  the  organized 
material  may  enter  into  combination,  and  thus  the  divellant  tenden- 
cies of  the  affinities  of  its  elements  he  overcome  ;  3d,  that  water  bo 
present  in  order  to  give  the  necessary  mobility;  4th,  that  oxygen 
be  present,  or  at  least  some  other  gas,  into  the  space  occupied  by 
which  the  gaseous  pr^iducts  may  be  diffused ;  and,  lastly,  that  the 
temperature  shall  be  within  moderate  limits,  putrefaction  being  im- 
possible below  32"  and  above  182°. 

The  agency  of  the  first  of  these  preventive  powers  need  not  be 
farther  noticed.  The  second  is  extensively  employed  in  the  prepar- 
ation of  bodies  for  anatomical  purposes,  by  baths,  or  injections  into 
the  arteries,  of  solutions  of  corrosive  sublimate,  acetate  of  alumina, 
sulphate  of  iron,  tannin,  wood  vinegar,  and  kreosote  ;  this  last  body, 
however,  does  not  appear  to  act  by  direct  combinations,  but  by,  the 
complete  (catalytic)  coagulation  it  produces  in  all  the  tissues  of  the 
body  that  have  protelne  for  their  base.  The  necessity  for  the  pres- 
of  water  is  shown  by  the  fact  that,  by  drying  the  animal  s 
'  ■  '  1.     It  ii     ■         ■        ■     ■ 


i,  they  are  completely  preserved.  It  is  thus  that  the  bodies 
of  those  perishing  in  the  Arabian  deserts  are  recovered  years  sub- 
sequently, dried,  but  completely  fresh.  Alcohol  and  common  salt 
act  in  preserving  animal  bodies  by  their  affinity  for  water.  If  a 
piece  of  flesh  be  covered  with  salt,  the  watiir  gradually  passes  from 
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the  pores  of  the  flesh,  and,  dissolving  the  salt,  forms  a  brine,  which 
dofta  not  wet  the  flesh  (p.  540),  but  trickles  off  its  surface  j  the  wa 
ter  necessary,  fur  putrefaction  is  thus  removed.  The  mode  oi 
strengthening-  alcohol  in  a  bladder  (p.  540)  rests  on  the  same  prin- 
ciple. Fourth,  by  excluding  oxygen,  the  putrefactive  process  is  re- 
tarded, precisely  as  the  fermentative  action  of  the  gluten  in  grape- 
juice  fp.  538)  cannot  begin  until  a  small  quantity  of  oxygen  be  ab- 
aorbei.  It  is  thus  that  meat  which  is  sealed  up  in  close  vessels, 
and  then  boiled  for  a  moment,  is  preserved ;  the  small  quantity  ol 
oxygen  of  the  air  remaining  then  in  the  vessel  is  absorbed,  and  the 
product  of  that  minute  change  being  coagulated  by  the  heat,  it  can- 
not proceed  farther.  A  high  temperature  stops  putrefaction  by  co- 
agulating the  azotized  materials;  a  temperature  below  32',  by  freez- 
ing the  water,  acts  as  if  the  tissue  had  been  dried ;  in  both  cases 
putrefaction  is  arrested. 

During  putrefaction,  at  a  stage  prior  to  any  fetid  gas  being  evolv 
ed,  a  peculiar  organic  substance  is  generated,  possessed  of  intensely 
poisonous  properties,  and  the  blood  of  persons  who  have  died  from 
its  effoeits  is  found  to  be  quite  disorganized  and  irritating  when  ap- 
plied to  wounds.  The  blood  of  over-driven  cattle  is  found  to  pro- 
duce effects  similar  to  those  of  venomous  reptiles,  and  the  wounds 
received  in  dissection  are  sometimes  followed  by  similar  fatal  con- 
eequences.  The  communication  of  disease  in  this  way  has  recently 
been  very  ingeniously  ascribed  by  Liebig  lo  the  general  principle 
of  the  communication  of  decomposition  bj  contact  (p.  663).  The 
small  quantity  of  diseased  organic  matter  o  yginally  introduced  into 
the  system  by  absorption,  acts  as  a  ferment,  and  reproduces  itself 
in  the  mass  of  blood  until  this  becomei!  unfitted  for  :he  performance 
of  its  functions,  and  the  animal  is  killed  ;  the  active  principle  beinf 
thus  copiously  present,  is  exuded  from  the  shtn  and  lungs,  and  gives 
a  contagious  character  to  the  disease,  or  it  remains  only  in  the 
blood,  or  is  secreted  in  pustules,  &c.,  constituting  infection,  by  which 
the  disease  may  he  communicated  to  another  person. 

In  the  decomposition  of  vegetable  matter  in  marshes,  similar 
maleficent  products  may  be  evolved,  and  throwing  the  blood  of  the 
nniraat,  by  whom  they  are  absorbed,  into  fetmentalJve  decomposi- 
tion, produce  the  effects  of  Malaria  and  Marsh  Miasm. 
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Emetine,  633. 

Epsom  Salt,  434. 

Equivalent  Decomposition,  S06. 

Ethal,  691. 

Ether,  Luminiferous,  43. 

Sulphuric,  541. 

Etherene,  547. 

Ethers,  Theory  of  the,  544. 

Ethyl,  645. 

Audiometer,  Use  of  the,  263. 

Evaporation,  77. 

■■ Spontaneous,  87, 

Excitation,  Electrical,  106. 
Expansion  by  Heat,  46. 
of  Gases,  56. 

Liquids,  58. 

Solids,  aO. 

Fermentation,  539. 

Fibrine,  603. 

Flame,  Constitution  of,  181. 


Flints,  321. 

Liquor  of, -437. 

Fluidity,  T 


Fluoride  of  Hydrogen,  320. 

Phosphorus.  321. 

Silicon.  321. 

Fluorine,  319. 

ir  Spar,  430. 
Freezing  Mixtures,  71. 
Frost,  Nature  of,  104. 
Fulminates,  513. 
Fusion,  Liqueiaction,  70. 

Galena,  395. 

Galvanic  Batteries.  Common,  134. 

— —  Constant,  136. 

Circles,  138. 

Electricity,  136. 

Intensity,  131. 

Galvanism,  Contact  Theory  of,  133. 

Galvanoscope,  147,  195. 

"      3,  Conduction  of  Heat  by,  93. 

—  Liquefaction  of,  30. 

—  Specilic  Gravity  of,  II. 
Heat  of,  69. 

Gelatine,  667. 

Glass,  Composition  of,  437. 

of  Antimony,  385. 

Glucinum,  Glueinaj  351. 
Glucose,  633. 
Glycerine,  681. 
Glycyrrhizine,  535. 
Gold,  405. 

Gravity,  Nature  of,  II. 
■^      n,  Brunswick,  455. 

—  Emerald,  455. 

—  Soheele's,  455. 

Heat,  Central,  of  the  Earth,  104. 

—  Conduction  of  by  Solids,  93. 

—  Interference  of,  101. 
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■ —  Vapours,  76. 
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—  Relation  of  to  Light,  102. 

—  Repulsive  Power  of,  46, 
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—  Specific  of  Atoms,  63. 

Solidsi  63. 

—  Transmission  of,  91. 
Heavy  Spar,  342. 
Hematite,  363. 
Hematosine,  674. 
Hematoxyline,  616. 
Hepar  Sulphuris,  339. 

Hydriodate  of  Phosphuretted  Hydrogen 

316. 
Mydrlodio  Acid,  315. 
Hydrobromic  Anid,  319. 
Hydrochloric  Acid,  307. 
Hydrofluoric  Acid,  330. 
Hydroflnosilic  Acid,  324. 
Hydrogen,  346. 
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Manganese,  Salts  of,  443. 

Areeniuretted,  378. 

Mannite,  535. 

Oxide  of,  253. 

Marsh  Gas.  563. 

Peroxide  uf,  a.')8. 

Meconine,  609. 

iWelara,  526. 

— — — —  Sel en iu retted,  S94. 

Melamine.  536. 

'-—  Sidphiirelted,  393. 

Hydro-oxygen  Blowpipe,  S5i. 

Hydnirel;  of  Arsenic,  378. 

Mercury,  403. 

Salts  of,  461, 

Indigo,  Blue,  616. 

Mesitic  Ether,  561. 

Inuline,  539, 

Mesitylene,  561, 

Iodine,  311. 

Metal,  Bel!,  393. 

Iridium,  409. 

Specuhim,  393. 

Salts  of,  406. 

Metals,  Properties  of,  337. 

Iron,  857. 

Methyl,  Salts  of,  644. 

Magnetic  Oxide  of,  363. 

Minium,  395. 

Malleable,  359. 

Molecular  Cohesion,  19. 

Oxides  of,  363. 

Molybdates,  373. 

Passitivily  of,  361. 

Pyrites,  383. 

Salts  of,  444. 

Salta  of,  451 

Mordants,  Action  of,  633. 

. Smelting  of,  359. 

Morine,  615. 

Morphia,  637, 

laomerism,  331. 

Mosaic  Gold,  370. 

Mucus,  679. 

Isomorphous  Groups,  233. 

Multiple  Proportions,  807. 

Miire.vid,  688. 

ICacodyl  Compounds,  563. 

Mnrlatic  Acid,  307. 

Kalium,  337. 

Myriosperniine,  673. 

Kermes  Mineral,  386. 

King's  Yellow,  379. 

Napthaline,  647. 

Kopfer  Nickel,  365. 

Narcotlne,  628, 

Natrium,  Natron,  343, 

Lac-sulphuris,  33.t. 

Nickel,  365, 

Lactine,  635. 

Salts  of,  446. 

Lactuoine,611. 

Nicotine,  635. 

Lamp,  AphlogistiG.  179. 

Nitric  OxiJe,  273. 

Safety,  183. 

Nitrogen,  26. 

Lampblack,  479 

Oxides  of,  378. 

Nitrous  Ojtide,  373. 

Nomenclature,  149. 

Latent  Heat  ofLlquids,  70. 

—Vapours,  76. 

Oleine,  581. 

Laws  of  Combination,  202. 

Olivine,  607. 

Lead,  394. 

Ologist  Iron,  363, 

Legomine,  B38. 

Orcino,  Orcefne,  619. 

Lichenine,  529. 
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Light,  Chemical  Rays  of,  173. 
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Wave  Theory  of,  42, 

Orpimenl,  379. 
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Osmium,  374, 

Lime,  345, 
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Salts  of,  430. 
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Oxam ethane,  350. 

Lithium,  343, 
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Lymph,  683. 

Arsenic,  377. 
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Madder,  Colouring  Bodies  of,  613, 
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Cadmium,  369. 

Salts  of,  434. 
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Magnetism,  143, 

Cerium,  351. 
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